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Abstract

The time and flavor structure of the decayBiBS mesons is exploited to perform a measurement of
the lifetime differencé\l’ /" between the mass eigenstates. The analysis uses fullysteactedB mesons
into a flavor or CP (into charmonium) eigenstate and it is dase56 fb ! of data collected between 1999
and 2002 (Winter'02 data sample). The combined analysibesd samples offers also a way to perform
a combined test of the CPT and T symmetries of the effectivailianian of evolution of theBg meson
system, in an attempt to desintangle wether CP violatiowéstd T or CPT violation.
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1 Introduction

Discrete symmetries play a fundamental role in our desoriptf nature. The CPT theorem [1, 2], based
on very general principles of relativistic quantum fielddhes, states that any order of the triple product of the
discrete symmetries C, P and T represent an exact symmdteyCPPT symmetry has been tested in a variety
of experiments [3], remaining to date the only combinatibpP, T that is observed as an exact symmetry in
nature. However, precisely because the CPT theorem reysesme essential pillar of our present description of
nature, it is appropiate to improve such studies inBmeeson neutral system where the B¥&8? interferometry
provides an exceptionally sensitive framework [4]. On thigeo hand, superstring theories are not local and
therefore do not necessarily fulfill the conditions of theTGReorem. CPT invariance has also been questioned
in the context of quantum gravity [5]. With the indirect CPHation in theB system already well established
[6], testing simultaneous and consistently the CP, T and diBdrete symmetries of the effective Hamiltonian
of evolution to disentangle whether the the CP violationus tb T or CPT violation (or both) is a natural step
forward, and of great interest as outlined above. This isttimate goal of the analysis described here.

One of the main sources of possible competing contributiorise effects to be studied in this analysis are
due to the difference in the decay widths of EB@mesonsAF, usually neglected because its smallness. In the
Standard Model, the difference in the decay widths ofB[;\emesons is CKM-suppressed with respect to that
in the BY system. A rough estimate leads to

Ar—:“NAr—:SxAZ ~ 05% (1)
whereA = 0.225 is the sine of the Cabibbo angle, and we have t&feyil s ~ 15%. In this analysisAl /T
effects are explicitely parameterized and extracted floerdiata, providing the first experimental measurement
to date. However, as explored in [7], the measurememlofi” is interesting by itself since it can provide
constraints (or signal, if the measured value turns out ttatger than the theoretical expectations) on new
physics processes.

To date there are no published direct measurements$ ¢, and the CPT violation has been tested only
with inclusive methods iB°B° mixing, which gives information about CPT violation onlyAf /I" # 0. This
analysis will improve the situation very significantly.

The outline of this document is as follows. In section 2 we swarize the formalism and derive the general
time-dependent decay rates and likelihood function uselderanalysis. Section 3 describes the decay modes,
data and Monte Carlo samples. Section 4 provides some sletzilut the resolution function treatment and
tries to justify the motivation for the vertexing cuts aggli Section 5 describes the blinding strategy and in
section 6 we describe the assumptions in the nominal fiti®@ec? and 8 summarize the results of the fits and
the consistency checks. Finally, section 9 is devoted tevatiation of the systematic errors.

Many of the inputs and systematics in this analysis are comwith the standard sirfRanalysis [8], so
this document will concentrate on the aspects specific tptbgent analysis. In some cases we will summary
some particular aspects common with the §imBalysis.

The calculation of the time-dependent decay rates folldvesftamework developped in reference [9].
This reference should be used in coordination with the mtedecument for additional theoretical subtleties.
The feasibility and reach studies, together with the vélidaof most aspects of the fitting procedure were
documented in detail in [11].



2 Time-dependent decay rates and log-likelihood function

Starting from first principles we derive in this section thesihgeneral expression for the time-dependent
decay rates ir¥(4S) decays as well as the final likelihood function including thi different experimental
effects. In order to help our understanding of the main fegtof the PDF we also evaluate the time-dependence
for different particular and simpler cases. For additicshetiails about the formalism and the extraction of the
decay rates, see reference [9].

2.1 CoherentB meson formalism

The neutraB meson system is a linear combination of the Schrodingeeviiawctions for the mesdBP and
its antimesorB?, |¥) = a|B®) 4 b|B®). The time evolution of this combination is governed by thar®dinger
equation,

0¥

s = Hy (2)

whereH is the 2x 2 non-hermitian (probability is not conserved since B system decays) effective
hamiltonian,

~ _— M1 |V|12> i ( M1 r12>
H = M-iz-= —= . 3
M and [ represent the mass (dispersive) and lifetime (absorppeels of the hamiltonian, both hermitian

matrice$.

The eigenvalues of (2) are

Ay = (M—i%)iF’ (4)
where
o= Muo—i22) (mz,—i22) o (am—iS i (5)
- 127175 12771 2

M11+ Moo M1+l

M= L' 722 r—_r 2
5 , 3 (6)

Mi;— M My —T
5|V|: 112 22 ’ 6F: 112 22 ) (7)

The corresponding eigenvectors are

2We use the notatioHljj, CRj, etc. to represent the matrix elements of the corresporafiegators in the flavor basis, for instance
Hi2 = (BY|H|BD).



|B1) = N—1+(p+ | B%) +q, | BY)

1 _
[B2) = 1 (p-[B%)—a |B%) t)
with N2 =| ps |2 + | g |?> and
I
0: = Mp—i 212 )
pr = i<6M—i6—2r)+F’. (10)

Inverting (8) one can writte theB%) and| B®) states in terms of the evolution eigenstates,

B = o (N (BN, | Ba)
B) = oo (Nap B ~Npi[Ba)) (11)
Their time evolution is given by
B0) = oo (Neae ™ BN g.e ™ By)
|B(1) = Wlpm (N+ p-e ™ B —N_p,e ™| Bz>> : (12)

When we pay attention to the restrictions imposed by disgginmetries on the effective Hamiltonian (3)
we see that@P, = (B | CP| B?) is the relative unphysical phase betwe@&?) and| B°)):

e CP conservation imposes (M1.CP;,) = Im(I"12CP},) = 0 andH11 = Hay;
e CPT invariance requirdd;; = Hoo;

e T invariance imposes I(M1,CPy,) = Im(I'12CP;,) = 0.

As a consequence, the complex parameter

A = 2(5M—i5—2r> (13)

parameterizes any CPT violation. If either CPT or CP invaréaleads t&M = &I = 0, we have

(14)



r T
F=F = \/(Mlz—%) <Miz—l7ﬂ> (15)

q=0y =0- =Mj,—i% (16)

17)

Ay = <M—ig>iF. (18)

Let us note that, according to equation (8), the sign comwerih the definition ofg/p uses the heavier eigen-
state. This convention is the same as used in [9], but ogptsihat adopted in the BaBar Physics Book [10].
As another consequence, if CP is conserved themp.

If there are no absortive parts in the effective hamiltor{lag» = 0), theng/p is a pure phas% —eXand
| a/p |= 1. If there are absortive parts but12/M2 | is small,

lg/p? ~ 1- |m[l\r/|12]. (19)
12

From (12) and (8), the time evolution of a state that is ifiitia pureB° or B is (5= (p.., p_), G=(q;,9-))

|Bt)) = f.(B.q;t)|B%+f_(Bqt)|B°

|B°t)) = f (@,pt)|B°)+f.(dmt)|B° (20)
where
o 1 Cidst Cint
LEa) = oo o (pae™ipae™) (21)
' _ 0+9- —iAgt oAt
LEay = St (e e ) . (22)

With a little of algebra, equations (20) can be written in aencompact way as follows:

IB°t)) = [04(t)+20 (1)] | B%)+ ‘Wl 2g_(t)| B°)
[B°(t)) = pm 2g_(t) | B + (g, (1) — zg (t)] | BY) (23)

where

M —i%



g:(t) =

NI =

(e™tre™) (25)

The masse$my,my) and widths(I"1,T2) of the eigenstatesB;) and| By) are related to the eigenvalues
(A4,A2) as:

m=ReA;), m=ReA_) ; M=-2ImAy) , Fa=-2ImQA_) . (26)

The oscillation parameters can then be defined as

R Y W | AT\,
AN = 5 _Z(Am+| 2>_F 27)
with
Am=m —mp=ReA, —A_) , Al = —-Ay=T,—T1=-2ImA_—A,) . (28)

Let us note thaimis positive by definition andr is expected to be positive within the Standard Model (as in
the neutral kaon system). Thid™ sign convention is opposite to the one adopted in [10] andoj®] the same
asin [22, 23]. WheA\I' = 0 we havedl' =0 and|q/p |= 1.

For later use it is convenient also to define

A A Y T
A= T_m—lé_M i (29)
with
_ 1 TI14T
S G A VIV SO L S W W P (30)
2 2 T
With these definitions, equations (5) and (24) can be reaw;ttespectively, as
1 Al
= Z i— 31
F 5 (Am—H 5 ) (31)
and
M —iof
z = 2—2 . 32
Am+i4; (32)
The complex-valued functions (25) in terms of the oscillatparameters are:
g(t) = 1 imtgt/ze (e—iAmt/ZeAFt/4 " eiAmt/Ze—AFt/4> _ (33)
2

In summary, we have four real parameters which carry inféionan the discrete symmetries of the effec-
tive Hamiltonian, according to the following list:

e | g/p|# 1 signals CP and T violation, withl" # 0;

9



e argqg/p # 0 indicates CP and T violation;

e OM +# 0 (Rez # 0) means that CP and CPT violation exist;

e Ol # 0 (Imz+# 0) shows CP and CPT violation, witkl" # 0.
The fact that Reis primarily connected tdM while Imzis to 8" makes Remore interesting than Im Let us
note that CPT or T violation requires CP violation, and CHation implies T or CPT violation. As outlined

in the introduction to this document, desintangle whethenlation is due to T or CPT violation (or both) is
one of the goals of this analysis.

So far we have considered the evolution of an isolated neBtnaeson. Charge conjugation together with
Bose statistics require that tB8B° state produced from thé(4S) decay is given in the eigenstate basis by

) = %(\Bl>rsz>—\sz>\sl>> (34)
which evolves as
Yint)) = (e ue ™t By By —e e By [By)) (35)
1,2 \/é 1 2 2 1 .

t; andt, are the proper times in the rest frames of the daafeson. If we make the change of variables

t1 4+t
t= 1; 2 M=th-t, (36)
equation (35) can be rewritten as
1 . , r
Yitay) = e (€44 By) | By) — ™™ | By) | By)) - (37)

If one of theB mesons decays to a final stéteat timety, the partially projected state reads

(f1| Y(t,At)) = %e‘im (éAMt<fl|Bl>|Bz>—e—iAMt<f1|Bz>|Bl>) . (38)

Definining A; = (f; | B%) andA; = (f; | B°), from equation (8) we can expand,

1 _
(fL|B1) = N (p+A1+ 04 A1)
+

(1B = o (pA—aA) . (39)

Using (39) and comparing with (12) for a single isolaidhe partially projected state (38) can be written as

(] Y.a) = e PO (& B0 — Ay | B°)) (40)

10



Let us note the change of variables frgnAt) to (t1,At), since the overall exponential factor has a dependence
with t;.

If the otherB meson decays to an statgat timet, (t, > ty, i.e. the collapse of the wave function occurs at
t1),

1 pP+9- + pP-0+
ffy | Yt AL) = ——e 2uPrd-TPGr 7
(fifa | Y(tg,At)) 7 N N

The normalization factow is phase-convention independent and depends onby pg/p | and pq
(see [9] for explicit dependence) Whah < 0, the collapse of the wave function happeng dut the above
formalism and expressions are still valid.

(Ar(f2 | BY(AL)) — Ag(fo | BO(AL))) (41)

2.2 Time-dependent decay rates for coherer mesons
In order to calculate the decay rates, it is convenient toesgithe time-dependence of the decay amplitudes

in terms of theg.. functions. Using (23) and definingp = (f, | B%) andA; = (f, | BY),

Au(fa | BOON) — As(fo | BYAL) = agi(At)+a g (A (42)

where

a, = AAo—AA
a = Z(A_lAZ + Algz) +4v1-2 (%KlA_z — 5A1A2> . (43)

From (41), (42) and (43), we obtain the corresponding deatgy r

2
(| Yt a0) P = Se2ur PO tPGe 7

2 N, N_ 2
{la: [} g+ (8t |2+ |a [*[g-(At) |* +2Re[a-ajg-(A)g} (A)] } . (44)

We observe that the time dependence is described by twaoakadd functions,

lge () |2 = %e*ﬂt/f [cosh(AAt /2) - cos(AmAL)] (45)
and the complex-valued function
g (At)g_(At) = %e’m/r[sinh(AFAt/Z)—isin(AmAt)] : (46)

If we replace (45) and (46) into (44),

11



1 _ _+p_ 2
(b | Y(LAD) 2 = Sga/elPrdtP-G|

2 | NLN_ |2
1 AlAt 1 . AlAt .
{§c+ cosh(T> +5C- cogAmAt) + Re(s)smh<?> +1m(s) sm(AmAt)}
(47)
where
c. = |afxlaf (48)
S = aa, . (49)
Note the change of variables froffa, At) back to(t, At).
The coefficients. ands can be written in terms of the base of parameters
Z, Uy = A_lAZ + AlA_z , M= %KlA_z — gAlAz (50)
as follows:
e = |uPx[|zFu P+|1-2|m}? +2Re<z*\/l—22ujm)] (51)
s = zuu +v1-Z2u'm . (52)

As experimentally the information available for the timarsuof the meson evolution is quite poor com-
pared toAt, it is appropiate to work with an integrated probability,

+o 2
hia(At) =| (fofa | Y(AL) |2 = / dt| (f1f | Y(t,AL) [2= EeflAt|/T| P+0- + p,ng |
at)/2 4 INZN_|

{%CJF cosh(%) + %C_ cogAmAt) + Re(s) sinh(%) + Im(s)sin(AmAt)} .
(53)

It is convenient to express the coefficients (51) and (5291ims of the well-known convention independent

parameteA = %%, whereA andA are, respectively, thB® andB° decay amplitudes into an arbitrary final state.
Assuming tha#, andA;, with k= 1,2, are non-zero, we introduce the parameters

9% | q/p | rie (54)

A — —
“ P A

12



_ 1 - =
N = — = PA =| p/q| re™ (55)

Ao qA;
where
e = [Al/]Al (56)
_ 1 —
=r = AL/ A (57)

are the ratios of decay amplitudes of Doubly-CKM-Suppressefavored processes, forfx) =| B%) and

| i) =| BY) states, respectivelydx and 6 are the corresponding® and B phases (overall phase of the ra-
tio of decay amplitudes and the mixing phase). When theraéssingle process contributing to the favored
and DCKM-supressed decayg,= rx. For D)X final states, the amplitudes are expected to be dominated
by the Standard Moddd — ¢ andb — u transitions for the favored and suppressed decays, résggchs
shown in figure 1. The expected relative amplitude of DCKMawofed decays can then be estimated to be
e = e =] VpVed || VipVud |~ 0.02, using the CKM matrix elements values from [23]. In thiseave also have

Bk = —2B —y— & and6x = 2B+ y— &, where B is the mixing €|/ p) phasey the weak decay phase adgdthe
strong decay phase, which depends on the given final statgleépéonic decays are free of DCKM-suppressed
contributions.

Cabibbo Favored Cabibbo Suppressed
T D
r< 1 r< 1
u d C d
b C b u
B% D* B% i
d d d d

Figure 1: The CKM-allowed~ A%) and CKM-suppressed(A*) diagrams foB — D(*ﬂrﬁ/p?/af decays.
A is the usual Wolfenstein paramater.

When| fi) is a CP eigenstatk & CP),

gqAcp 6
A = —— = r el cpP 58
cP 0 A la/p|rcecp (58)

where
ek = |ACH/ 1A (59)

parameterizes CP violation in decdy= 1,2,CP). When there is one single process contributirgy = 1. If
the mechanisms contributing to the decay of CP eigenstédelt{ave the same weak phase fpg, = —1 and
Nt = +1 modes,

IMAt, = —NiplMAcp
RS\fCP = r]fCPRQ\Cp. (60)

13



Let us note once more that the sign convention in the definifoy/ p adopted in this document uses the
heavier state, which is the same as used in [9]. The conven#a be easily be changed to that used in the
BaBar Physics Book [10] (lighter state) by replacikigandAy by —Ax and—Ay, respectively. The latter is the
convention used in the present analysis, although all that&ms given in the document use the former.

In order to evaluate (51) and (52) havihg andxk well defined, we must distinguish the 4 different final
state configurationg €1 f2), | fif2), | f1f3), | f{f5)). For each case we then must evaluateandm, and finally

’ui ‘2 ) ’m‘z ) u*:l:mv U+Ui : (61)

These factors are renormalized so thatA, [°= 1 (A, may beAcp).

2.2.1 Case} f1 f2>

ur = A]_Azap()\]_:l:)\z)

m = AlAzg()\l)\z—l) (62)

lus [ = | p/alP {I AP+ | A2]? £2| A1 || A2 | Re(M1AS) }
Im> = |p/af? {1+ |\ ][ A2 P —2| A1 ]| Az | Re(M}A5) }
uim = | p/a P {| AL P A2 | Ao— [ AL | AT | A2 [P AL [ ALF | A2 [ A5}
uu® = | p/a P {IAL P = A2 2 +2i [ Ar|| Az | Im (AoAT) } (63)
where
)\k H Ny Xk ey
M= =% N = =% (64)
I “T I
and
IAI=la/plre | Al=]p/al (65)
for flavor eigenstatek(= 1,2), and
|Ace| = |a/p|rcrcp (66)

for CP eigenstates.

2.2.2 Casd fify)

U = IKIAZ (l:l:xl)\z)
m = AA(A2—\1) (67)

14



lus 2 = rZpg {1+ | AL P A2[2£2| A1 || A2 | Re(MAy) }

Imi2 = rZey {1 A2 P+ A2 =2| A2 || M| Re(AGAT) }

uim = répy {1 A2 [ Ao— [ AL N [ A2 A AL [ ASF [ Mg 2 A2 | A5}

Wt = rBpg {1 [ A A2 242 | A || A2 Im (NAY) ) (68)

2.2.3 Casd f1f3)

U = AlA_i()\l)_\zzl:l)
m = AA;(A1—\2) (69)

lur 2 = rZpp {1+ | A P A2 122 A1 || A2 | Re(MAY) }

ImP2 = Zpo{IM P+ A2 2 =2 A1 || A2 | Re(MAS) }

uim = 2o {| AL PIA2 | A5 — [ A2 [ AL AF [ Ag [ NG [ A2 | Mg}

Wt = r2pp{| AP A2 P =142 | As|[ A2 | Im (AFAS) ) (70)

2.2.4 Casd fify)

ur = A_\lA_ng ()_\2 :EX]_)

m = A}Kgﬂp (1- A1) (71)

[us? = earea | a/p P {IA2 P+ | A1 P £2[ Aa ]| Az | Re(MAS) }
ImP? = rCZZerCZZRZ la/p? {11' ‘ )\1_12’ 7\2_\2 —2_! ArAz \_Re( ,1}\/2& o
uim = ré&piréeo |a/p ? {] A2 |2)\12*—_| Az [?| A At [ M ATF [N RESIRYY
utt = rgparpa [a/P P {IA2 P = [ A P2 [ A2 || As | Im (AAZ) } (72)
2.2.5 Parameter counting
From the above expressions we determine the parametersottitaibute to the coefficients,, Re(s) and
Im(s), for the most general case, assuming that a single final stateibutes tg f1), | f7), | f2) and| f3). In

the following we identify| f;) as the state used f@ tagging k = 1 = tag), and| f,) the reconstructed final
state, flavork =2 = flav) or CP k=CP):

e | AjA; |2 is a global normalization factor, therefore irrelevantdoy time-dependent analysis;

15



e Icpk can be used to parameterize CP violation in decay (3 parasjiete

— rcpa, for tagging side,
— rcpp, for reconstructed side, flavor sample,
— rcpep, for reconstructed side, CP sample;

e Rezand Ing, the CPT/CP violation parameters (2 parameters);
e | g/p]|, the T/CP violation parameter (1 parameter);

e ry andry are the ratios of the magnitudes of decay amplitudes of DC&FRvored processes, f&f and
B° (4 parameters):
— rq,r, for tagging side,
— ry,ry, for reconstructed side, flavor sample;

e 6 and 6y are the overalB® and B° phases of the ratio of decay amplitudes and the mixing pHase (
parameters):

- 61,51, for tagging side,
— 0,,0,, for reconstructed side, flavor sample,
— Bcp, for reconstructed side, CP sample.

When we consider a combined analysis of the flavor and CP stigieis, we have a total of 6 different final
state configurations: 4 for flavor eigenstatB$,{ Bty BY|,,Btag: BY|ayBtag: BYiaBag) @nd 2 for CP eigenstates
(Btoag, _Oag). For each specific final state configuration the number dpeaident coefficients in the decay rate
is, up to a sign ambiguity, 2. This can be seen as follows @kfof details). From (48) and (49) it can be

shown that the coefficients. ands satisfy the constraint

-2 = 4(Res)?+1Im(s)?) . (73)

Sincec, is always positive we can re-parameterize the decay ra)ar{38rms of the coefficients of the sinh,
cos and sin terms relative to the cosh term:

| (f1f2 | Y(AY)) 2 O ge‘m'ﬁ{cosh(¥> +C12c0§ AMAL)+

0'12\/1—C%2—S€28inh(¥> +8123in(AmAt)} (74)

where
ClaP-ja
I PN P (79)
_ Im(aia_)
% MR o

The parameteoi, can only take the valuesl since equation (73) fixes only the magnitude of the sinh-coef
ficient, but not its sign. This gives the 2 independent caeffits per configurations, resulting in a total of 12
independent observations. The basic problem now is thabtaenumber of parameters above is 15, so we
require additional assumptions:
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e Icp1, fcp2 andrepep can be assumed to be 1,

e r; andr, can be assumed to be equati@ndr,, respectively, and assume to be knows1(02 according
to the CKM matrix elements [23]).

With these (reasonable) assumptions we reduce in 6 pananetdch gives, in principle, enough observations
to extract all the other parameters. In practice, to avoabl@ms derived from fits collapsing to the borders
of the physical region and an underevaluation of the siegiserrors, the sines and cosines of the phéses
01, 67, 02, Bcp should be extracted instead of the phases themselvesagamgefrom 9 to 14 the number of
parameters. Sign ambiguities and small sensitivity to sofitieese parameters require additional assumptions,
as discussed in the following.

2.2.6 Simplified expressions

In order to help our understanding of the main features ofithe dependence, it is useful to evaluate the
previous equations for several special cases. In some tasesefficient,, Re(s) and Im(s) will be also
given to first order in the CPT parameter

¢t = |u_ P£[|mP+2Rgz'uim)]
S = zuu +um. (77)

Perfect tagging states

In the case when the flavor final states (reconstructed siitivior events and taggirg) are perfect tagging
states Xk andAg, k= 1,2, are zero), the coefficients simplify to those given ineald and 2, for flavor and CP
eigenstates respectively. The same coefficients to firsrrandhe CPT parameterare given in tables 3 and 4.

Coefficient | f1f2) | fif2) | f1) [ f5) | ) [ f2)
Ct +]a/pl[?1-7] r(Z:Rl (1£1z]%) r(Z:RZ (1£]zP) j:réer(Z:Rz la/pl|1-Z|

Table 1: Coefficients of the time-dependent decay rate feoflaigenstates (perfect tagging states).

Coefficient | f1fcp)
cy yq/py*Z{\AcpyZi\zyZ\AcpyZi\1—22\¢2\Acp\ Re(z*ﬂ /CP)}
s [a/p| 2 {~ |Acp P2+ | Ac | VI=2Ngp )}
| frfee)
e rgm{li|z|2i|1—22||>\cp|2¢2|>\cp|Re(z*\/ﬁxgp)}
s r2p; <z+ | Acp | ﬂ)\gp)

Table 2: Coefficients of the time-dependent decay rate foeiGénstates (perfect tagging states).

After a close inspection of tables 1, 2, 3 and 4, we observglileacoefficients. andsremain unchanged
under a simultaneous sign change/df, Rez and Rép. This discrete ambiguity is resolved if we take
Re\cp = ++/1— (IMA;p)? and then consider as physical paramefdts< signRe\;p) and ReRe\;, instead
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Coefficient | f1f2) | fif2) | | 1) | f2) | f) | f2)
Cs +1]q/p|? r(2:R1 r(2:R2 j:réer(Z:Rz [a/p?

Table 3: Coefficients of the time-dependent decay rate feoflaigenstates (perfect tagging states), to first
order in the CPT parameter

Coefficient | f1fcp)
Ct 1a/p| 72 {| Acp | £1F 2| Acp | [RezREN;p — ImZIMALp) }
s la/p |72 {—[Acp[*z+ | Acp | Adp}
| fifce)
Cs répy {14 [ Acp [ £2| Acp | [ReZREAGp + IMZmAL,) |
S répy (z+ | Acp | Ap)

Table 4. Coefficients of the time-dependent decay rate foeiGénstates (perfect tagging states), to first order
in the CPT parametex

of Al and Re, respectively. We take the product e\, rather than Rex sign(Re\ip) because the CPT
asymmetries turn out to be proportional tozRe\., [11, 13]. Therefore, the choice of independent physics
parameters that model CPT/CP, CP/T and mixing is:

RezB2ee  Imz , W2 |q/p| , AF/T xsignRe\cp) , Am , T,

The previous tables also provide very useful informatioouabvhere the sensitivity to the different param-
eters comes from:

e the Al' dependence for flavor eigenstates appears to be at secardrofd (from the cosh term) while
it is to first order for CP eigenstates (sinh term). This implthat the precision oAl /T from CP
events scales as/sl/ﬁ (N is here the number of events), constant as a functidi gf", while for flavor
eigenstates the statistical error scales A¢'4* for small values oAl /", while for large values it goes
as 1/v/N1/Ar [15]. Clearly, for small values dil" and in the presence of CP violation, even though the
CP eigenstate sample is about 10 times smaller than the Bayemstate sample, it largely dominates the
determination ofAl'. Another consequence of the differgxit dependence for flavor and CP states is the
fact that the PDF for flavor events is symmetric with resped@lt=0, so only CP events allow to extract
information about thél™ sign, up to the discrete ambiguity from Re;

¢ the dependence with Réeven inAt) is suppressed by terms linear At for flavor eigenstates. This
implies, again, that for small values Af and in the presence of CP violation, the CP eigenstate sample
largely dominates the determination of&Re

¢ the dependence with lap (CP eigenstates) appears to be oddtinand therefore can be resolved from
the even dependence withRe

e the determination of g/p |, Imz and Am is dominated by the high statistics flavor sample due to the
absence of suppression factors.

Overall, the combined use of flavor and CP samples providesnmad sensitivity to all the physics parame-
ters, with small correlations, since they are determingtkeifrom different samples, either from differekit
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dependencies. All these features were checked numerigsiltg toy Monte Carlo [11].

Flavor eigenstates withAz,A; # 0, Ay =A; = 0,z=0,AF =0and | q/p|=1

WhenA; = )_\1 =0,z=0,A =0and| q/p|= 1, we have, for flavor eigenstates
| fifa) | | fif2) | If)lfp | | fD | )

C. A2 ]%£1 réRl (1 [ A2 %) r%ez (1 [ A2 %) r%eréRz (| A2 |* £1)
Im(s) | — [ A2 [IMAS | r&pq [ A2 [IMA, | répy [ A2 IMA, | —1&pir&py | A2 | IMA,

and for CP eigenstates

| fifer) | | fifer)
Cs [AcpP£1 | rdp; (1£ [ Acp %)
Im(s) | — | Acp [ ImAgp | répy | Ace | IMAGE

where Im\}, = —sin(2B+y+9), Im)_\’2 =sin(2B+y—9) and Im\;p = —sin(2B+d), 6 being the strong phase.
For B® — JWKP decays, ImMgp = —Ncpsin(2B). We recover here the usual expressions used in ti{g@in
sin(2a) and sif{2p +y) analyses.

Flavor eigenstates With)\l,)_\l #0and A, = Xz =0

This corresponds to the case when the fully reconstruBtetesons are perfect tagging states (i.e. from
semileptonic decays) but the taggiBig are not:

e Case| f1f)

lus 2 = [p/aff|af?
Im> = |p/qf
uim = —|p/qf’| AL |AY
uut = | p/qf?Af?
To first order inz,
¢t = |p/alf{|M[P+1F2Re| A | R\ £2Imz|Aq | ImA}}
Res) = |p/q?{| A [?Rez—|A1|Re\}
Im(s) = | p/al®{|As]?Imz+ | Ay | ImAL}
e Casel f1f)
| U ’2 = r(2:P,1 B
|m|2 = r(2:P,1|)\1_|2 B
upm = _r(ZDP,1|)‘1|N1
Ut = réRl

To first order inz,
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ce = rdpy{l£| le F2Re| A | R&\, F2Imz| Ay | ImA] )
Re(s) = répy{Rez—|A1|Re\ }

Im(s) = r2py{Imz—| Ay |ImAy}
e Casel f1f3)
| us ’2 = rép,z
| m ’2 = rép,z | A1 \2
u+ui == —r(Z:PZ

To first order inz,

c: = répp {1 |A1]?£2Re| A | R\ £2Imz| A1 | ReN;}
Re(s) = rép,{—Rez—|A1|Re\ }

Im(s) = r&pa{—Imz—|Az|ImAL}
e Casel f1f3)
lus [ = réparépa|a/p?| A f?
‘ m,z = réeréRz ’ Q/p\z o
uim = irép,lrép,z la/p|?| )_\1 | AT
uput = *réelréaz la/p P A f?
To first order inz,
Ce = 3pirpa|a/p[? {| A1 214 2Rez| A1 | R\, F2Imz| Ay | IMA;}
Re(s) = ~ZmrBnz |0/ {| A1 Rezt [ M| Re(Vy))
Im(s) = —r&p1répo | a/P I? {| A1 [?Imz— | A1 | IMA]}

From these expressions we observe that DCKM decays in tigentagide induce a sign ambiguity similar
to that described previously, but now involving BgRe\)) instead of R&(p, for BO(B®) tags. It can also be
seen that the parameter Rdways appears either multiplied by or added to a term ptapad to R\; (Re\)).
Similarly, Imz is always accompanied by a term proportional td]rimA}). This implies that R&Imz) will
be mainly affected by (correlated with) the DCKM real(imzayiy) parts. The dominant dependence wih
andA’ is in all cases linear ifA; | and| A1 |. A similar analysis foA1,A1 # 0, A2 = A, = O reveals the same
features for the reconstruct®&l(flavor sample). In this case, however, given that the flaigerestate sample is
analyzed in combination with the CP sample, it is expected@KM effects to be smaller, as will be discussed
later.
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CP eigenstatesX, = Acp) with Al,xl #0

This corresponds to the most general case for fully recoctstd CP eigenstates:

° Case| f1 fcp>

lus [ = [ p/alP {| AP+ | Acp|*£2| A1 || Acp | Re(MACH) }

ImPP = | p/al® {1+ | M *| Acp | 2| A1 || Ace | Re(MiAGp) }

uim = | p/ql? {| A1 [ Acp | Acp— | A1 | AT+ | Acp [ A1 [ AT [ Acp | AGR}

wu = [p/al®{|A]®—|Acp [F+2i | Ar|| Acp | Im (AcpAT) } (78)

lus 2 = rZp {1+ [ A1 2| Acp 2 £2| A1 || Ace | Re(MAGp) }
ImP? = 2 {IAcp P+ A1 2 =2 Acp || A1 | Re(Agphy) }
uim = rZp; {| Acp | Acp— | As | Ni [ Acp 2 A [ Ay [ A1 1% Ace | AGp
uut = rder {1 [ M [?Ace [2+2i [ A1]| Acp | Im (MACR) } (79)

Substituting equations (78) and (79) into (77), it can gasd seen that the coefficients ands remain un-
changed under the simultaneous sign changé oRez, Re\ip, Re\] and R&. The ambiguity can be resolved
if we take Ré\¢p = ++/1— (ImAgp)? and the consider as physical paramet§rsign(Re\ip) and ReReAp
instead ofAI" and Re, respectively. This solves mathametically the completbiguity. In practice, due to the
poor resolution on RE and R&7 we may need to fix these parameters. The dependencéjadthdA’ is, for
all terms, linear i A1 | and| A1 |. Finally, let us note that the dependence ohlwith ImA is to first order
in Am, while with Re\’ is to second order iAmas well as imAI".

Flavor eigenstates With)\z,)_\z #0and Al,xl #0

This corresponds to the most general case for fully recoctstd flavor eigenstates. For our purposes here,
it is enough to analyze the casg f,), given by equation (63):

lus P = [ p/al? {IA P+ A2 [P £2| M1 || A2 | Re(M1AS) }

Imi? = | p/a® {1+ | A1 [’| A2|* 2| A1 || Az | Re(AAS) }

uim = | p/q® {| A1 A2 | A= [ A1 | AT [ A2 P A1 | AT [ Az [ A5}
uut = [ p/alP{IA[® = [A2 [P 42 [Ar ]| Az | Im (AoAT) }

We observe again the sign ambiguity, now invoIving\E{é?eX’Z) instead of R&p, for BY(BY). Mathematically
the ambiguity is already resolved once we have solved it re{genstates (assuming a combined analysis of
the flavor and CP eigenstates). In practice, as before, dibe fgoor resolution on R‘iz and Ré\’l/z we may

need to fix these parameters. Let us note that in this casesffendence Witl?x’l/2 and)\’l/2 is linear in| Ay |
and| Ay, | only for theu} mterm, while it is quadratic for the rest.
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2.3 {|la/p|,A,z} vs{g,d} formalisms

Alternative formalisms can be used to describe flavor and @#hgi[12, 9]. One of these alternative
choices is a phase-convention independent formalismagitalthat used in kaon system phenomenology [13]
({&,8}). To first order in the CPT parametAr-the same as defined in equation 13-, the parametarsi
parameterize CP/T and CP/CPT violation, and are defined3ad 1.

Im(F12CPf2) + 2i|m(M12CPf2)
2REM1CP},) — IRe(T 12CP;,) + 2F/

(80)

2A
o0 = . 81
2ReM1,CP},) — iIR&(M12CP;,) + 2F’ (81)

whereCP;, = (B° | CP| B°) = e '® is the unphysical relative phase betwé8f) and| B°). The main difference
with respect to the standafd q/p |,A,z} formalism is that it relies on the base of CP eigenstateberahan
flavor eigenstates. This is then used to make the formalissmsghonvention independent without the need of
introducing a specific decay process to unambiguosly defimenphysical relative phase betweghand B°.

This requires, however, of a CP-conserving decay into aiteefdP final state. If the decay does not fall into a
CP-conserving direction (i.e there is CP violation in theadeand/or not perfect tagging states), corrections are
needed in order to define the CP tag appropiately [13]. Thaseations are in practice not simple to introduce,
limiting the application of the formalism.

After some algebra one can obtain, to first order in CPT andnaisgy CP conserving decays and perfect
tagging states, the relations connecting the two formaligkt]:

o
12 = z (82)
and
: 1—-¢
2 = T (83)

From (82) and (83) and taking first order in&Ree found the following relations:

+lel  14+]a/pf?
Ime _ 1ImAcp

1+[e2 = 2|Acp| (85)
1— | € |2 RQ\CP
- = —= 86
Tr]ef ~ Thor] (85)
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Red 1- ’ € ‘2 RG\CP
= Ree—— 87
Tr[ePLr|ef? Mher | ®7)
Imd
- |
FRPP mz (88)

2.4 Mistag fractions, B°BC differences in tagging and reconstruction efficiencies andirect CP
violation in tagging and flavor eigenstates

The time-dependent decay rates given in equation (53) lwatke torrected by the fraction® of events
with wrongly assigned flavor in tagging categaxy the mistag fraction On the other hand, differences in
reconstruction and tagging efficiencies 8% and B can induce biases in the decay time distributions due
to the presence of even termsn (odd terms do not contribute). Let us define first the quastitised to
parameterize all these effects (we use the same definit®ims[&]).

Wpo is defined as the fraction of tri@ but are incorrectly tagged &8 for tagging categorw, and similarly
for w%o. As the mistag fraction can be different f8f andB® due to differences in the material interactions
(especially for kaons), it is convenient to define

o Wgo +vv%0

W 2

(89)

and

AWF = W, — Wl (90)

BO
which give, respectively, the mean value and the differesfdée mistag fractions foB® andBP. With these
definitions,

W =w* +Aw" /2 (91)
and
Wl =w —Aw/2 . (92)
Let us define now
£ —t2
a _ 1 1
= -+t ©3)
and
v = 2k (94)
o+t
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wheretfﬁ is the tagging efficiency foB%BP° and tagging categorg. Similarly tr3 is the reconstruction
efficiency forBY/BP. If we call T® andR the average tagging and reconstruction efficienclés= gy and

2
R= 2%2), we have

Y =T1+p") tf:T“(l—u") (95)
and
tb=R(1+v) , t=R(1-v). (96)

The corrected expressions read, for flavor eigenst&gs, \:

M (8 = tio {5 (1w i (B) + 2 we b (1)} (@7)

and for CP eigenstateBdp):

Mo (A1) = tig (1= Wi Py (A8) + b W gy, (AL) (98)

wherek; = 1,1 andk, = 2,2,CP. The difference among equations (97) and (98) is because= —1 (Bcp_)
andn., = +1 (Bcpy) States are normalized separately, WE?%V andﬁ?la\, are normalized together.

CP violation in the decay dB tagging states and flavor eigenstates was explicitely dedun equation
(53) and terms (63), (68), (70) and (72). Alternatively,andoe included in equations (97) and (98) with the
replacementf — t%r(%le andt§—>t§réR2 (t; andt, remain unchanged). Equations (93) and (94) should then be
rewritten as '

a a2

- = = 99
H t +t0r&p, %9)
and
tZ—tEréez
= 2 (100)
2 +1rEp)

From these expressions we see that the net effect of anybf@o$&3P violation in the decay @ tagging states
and/or flavor eigenstates cannot be distinguished from eresymmetry of the detector response.

2.5 At resolution function

The introduction of the resolution effects requires thevotution of equations (97) and (98) with the
resolution function® (At — At’, oat; Gy ):

+o0
Mo (Aton) = [ R(At—A,onida)hy (A)dAL (101)
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The problem can be reduced to the convolution of a set of fasisions,

1 .
> exp(FTerrAt’) exp(iAmAt’) (102)
with (125), where
21 T
Teff = (103)

2FT1AT  1FAT/2r

andt = 1/I. The—(+) sign applies foAt’ > 0 (At’ < 0). The normalization of (101) over a finite domain
(Atg,Aty) can then be calculated from the integral

HE ) o) / ool at, o) dAt (104)

All the integrals (101) and their normalizations (104) candalculated analytically, and expressed in terms
of complex exponentials and the complementary complex éurcction [16]. The integration limitét; and

At, can be the acceptance cutsamn(finite normalization) or infinity (asymptotic normalizati). Asymptotic
normalization is used by default in this analysis. The dpecesolution models used in this analysis are
discussed in section 4.

2.6 Background treatment

In the presence of backgrounds, the PDF has to be extendedltalé a term for each significant back-
ground source. The backgrounds Bxijay andB.pyo = Bcp_ States are small and mostly combinatoric. They
are estimated from the beam-energy substitute&m@g 6ideband, assuming a single Gaussian distribution
for the signal and an Argus parameterization for the backgto From unbinned maximum likelihood fits to
the mgs spectrum, an event-by-event signal probabilﬂgg(mEs), for each tagging categouy, is calculated.
The corrected general PDF can then be written as

b
hglﬁz S(Atcht) = (1- peak) p5|g mES)hgllr(iSOLSIg(AtaoAt) +
k
fheakPdg(Mes) Nigie > P= (At o) +

{1 p%y(mes) zfﬂh‘k’LjS"B(At,om)
(105)

where f¥ and fgeak are the combinatorial and peaking background componectidres for the given sample.

It is verified that

g = 1. (106)

The signal probability is calculated separately for eadgitag category.

For each individual signal and background compongnt,sig, peak 3, and tagging categony, the distri-
butions (105) are normalized so that:
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z Hlf‘ll;j“’ op)dAt = 1, Vja (107)

for Bcp events, and

Z Hfgso"j(om)dAt =1
ko= 22k1

, V.o (108)

for Btjay €VEnNts.

For theB°—J/WK? channel BCPKE = Bcpy. sample) the background level is significantly higher witp si
nificant non-combinatorial component, therefore reqgirdm special treatment [18]. The data are used to de-
termine the relative amount of signal, background flBm- J/p X events and events from a misreconstructed
JW — ¢¢ candidate. The Monte Carlo simulation is then used to etaltree channels that contribute to the
B — JAWX background. All this information is used to determine thenposition of theB®—J/WwK° sample
from a fit to theAE spectrum after flavor tagging. Moreover, some of the decaglemdn the inclusive)/s
background have an expected CP structure. The PDF can tHemindated as

e (At,0n) = TEg(AE)RIE=9(At opy) +
Y fHOE)hGE (At om) +
= X
nomJ/tp (AE) [fgrompthgllr(iso prompt(At’oAt) + fnorkprompthgllr(iso o prompt(At’O_At)
(109)
where
fS(rompt+ fnon— prompt — 1 (110)
and
fgg(AE) f (AE) fnon—J/qJ (AE) = 1. (1112)
= X

2.7 The log-likelihood function

The log-likelihood function for tagging categouayis finally defined as
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NS, N,
BragBcp— BragBcp-

Ny = INh%2%S (A, o INh%2%S (AL, o
LG Iz B?achp,( iy At,|)+ IZ h—oachpi( i At,l)+
NO NO
BlagBep b BtagBepy- b
INh%%S (At Onci) + INhSPS (AL, Oaci) +
IZ B?agBCPJr( ! At’l) Iz B?ag CP+( ! AU)
NO NO
Btoag B(f)l av b EPﬁlgg(f)lav b
INh%0% (AL, onci) + INh%2PS (AL, oni) +
IZ BtoagB(f)Iav( ! At’l) Z BtoagB(f)Iav( I At’l)
Ne NS
Btoagg(f)l av b BPﬁlgs(f)lav b
Y Nk (At,oai)+ Y InhSeS (A, o) (112)
T agPflav ] ag-flav

wherele‘lk2 is the total number o, events tagged dsg in tagging categorgy. The global likelihood function
for all tagging categories is then calculated as

InL = Zlnﬁq ) (113)

v, i@ andTY, given in equations (99), (100) and (95), respectively, maralculated from time integrated
flavor transition rates following the prescription docureehin [14]. It has been generalized to account for
non-zeroAr values, CP violation in mixing and CPT violation (see appeis):

1(z+x)(c+d)— (w+y)(a+b)

v = > (a+b)(c+d) (4
« _ X1-v)(c+d)-y(l+v)(atb)
. vE B Kl Ve d (115)
1  x(c—d)(1-v)—y(a—b)(1+v)
a _

™ = 1—(v)2 2(bc—da) (o)

where

a= HBtoagB%aV ) b = HEthgB?la\, » €= HB?agE(f)lav ’ d - HEthgE(f)lav

are the time integrated theoretical rates (wigh1 = rcpz = 1), i.e. the result of integrating overeo < At < +o0
equation (53) with coefficients from (63), (68), (70) and)(#@r By, events; and

x=H = H¢ a o

a
— . z=H w=H —
any tag@lav Y any ta@(f)lav ’ no taggla\v ’ no tagB’(f)Iav

are the measured rates of tagged events in cataydoy B?lav (x) andE?lav (y) processes, and the total mea-

sured rates (Bcf’lav andE?laV except those tagged in categaryz,w). Let us note that following the discussion
at the end of section 2.4, possible direct CP violation ¢&ffémgether with the detector charge asymmetries)
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are already included in tH&counting, so that the PDF for the final fit should haye; = rcp2> = 1. In addition

to the dependence with the numberB¥B%mixed/unmixed events, the extraction\gfu® andTY relies on
estimates of the parameters which are going to be extraaadthe time dependent analysis, independently of
mistags and\t resolution [14]. The terms with odt dependence do not contribute.This is critical for the ex-
traction of| g/p |, since this parameter is anticorrelated with the detecpmanetries\{ andp®) [11]. In order

to introduce the time integrated constraint given by equati(114) and (115), an extended maximum likeli-
hood was constructed to incorporate the Poisson unceesiftom theB counting. The modified likelihood
function reads

where InL was defined in equation (113) and

AnL = ZAInLﬂ (118)
a
—In NB?lav,notag! + NB?lawnotagln Ngo,,.notag — N8, notag
_ | _
INNgs  notag' T Ne?,,, notag" 82, notag ~ N80, notag
(119)
and
- o | a o _ na
A In LU In NB(fJIav*tag. + NB(f)Iawtag In r]B(fJIawtag r]B(fJIav‘rta'g
—InN¢ I+ N Inn% —nY
B(f)lavvtag Bfjav;tag r]B(f)Iavstag nB%a\,,tag
(120)
N¢ is the number oBs5, events reconstructed B&(B°) and tagged in category, andN
B a(Bfiav) tag flav (B 99 900, B9, (B jay).N0tag

i RO a
is the total number of untagge®kay events and reconstructed BYB?). nB%aV(E%av)ﬁag and nB%aV(E?lav),notag

denote the corresponding expected numbers of everaad® are finally calculated at each step of the min-
imization procedure using the values of the expected numbevents and the physical parameters from the
previous iteration. This method can be applied by countigriumber of signal events (estimated fromas
fits). This methods accounts for the correlations inducethbyreuse of events in the evaluationvodnd p°:

for each tagging category it is used the number of taggedtewerthat category together with the remaining
events (events tagged by other categories plus the untaygadks).

For combinatorial background components, where typicalyassumeAm=0, Al /=0, | q/p |=1 and
z= 0, there is no need to apply this method, and the parametard | can be fixed to the estimates obtained
previously to the fit using events from the sideband regiee &ection 6). The method has been validated with
extensive toy Monte Carlo studies, as documented in [11}h\fis technique we are able to to desintangle
physics and detector asymmetries, at the cost of a reagoimabéase in the statistical error pgy/ p | (= 30%),
while all the other physics parameters remain basicalljhanged.

An standalone fitting program, callezbt NagFi t , has been developped to find the solution of (117)
and the errors on the fitted parameters. The program has he=faced to the NAG library [28] and the
MINUIT package [29]. All the numerical and minimization tines are based on the NAG library, and the
error estimation relies on the HESSE and MINOS methods of MIN This simultaneous interfacing allows
direct comparison and cross-checking of the fitting residisg two completely different libraries. As described
in section 8, thept NagFi t fitting program has been cross-checked performing starsiad fits with the
widely usedRoot Fi t Tool s package [16].
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2.8 Discussion about Doubly-CKM-Suppressed effects

The numerical sensitivity of the CPT/T/CPT/oscillatiorrgnaeters to DCKM effects in the tagging and
reconstructed (flavor sample) sides was investigated tisinfonte Carld, as described in detail in appendix
A.l. The studies confirmed the main features described itose2.2.6. First, Reis mainly correlated with
the DCKM real parts, while Imand to a less extend kg are mainly correlated with DCKM imaginary parts.

Second, the sensitivity to the DCKM real parts is po%?ﬁ and %) or none {Tf?l”jv and Frf:“jv). The poor
al ag av av

sensitivities together with the discrete ambiguities imed will require to fix (e.g. to zero) these parameters.
Third, DCKM effects onAm andAl' are small since most of the impact is absorbed by the coeffgiaf the
time dependence. Four, the tagging side gives the largestilmation (assuming a single channel contributing
to the sample, see discussion below). This is expected inrdbioed analysis of flavor and CP eigenstates
since the tagging side effects are common to all sampledetine CP sample would contribute to reduce
dependencies from the reconstructed side of the flavor ganhplthe extreme case of parameters dominated
by the CP sample (e.g. RdmAp) we expect the effects from the reconstructed side of therflsample to

be very small or negligible, as seen in the toy Monte Carldisti(as well as in the final systematics from
this source). From these studies we concluded that the abtiade-off between statistical precision and
systematic uncertainties induced by DCKM decays requiresntroduction of new fit parameters (to be added
to the 6 CPT/T/CP/oscillation parameters), the sines oDBEKM phases, 2 for the tagging side (common to all
samples) and 2 for the reconstructed side (flavor sampléhgusy Monte Carlo, it was verified (for different
DCKM phase configurations) that this fitting configuratiooydes unbiassed estimates for all the parameters,
and the Gaussian errors reported by the fit give a good estimatft the statistical reach, within 10%.

Supposse now that we identifg accurately, but we have a probability of misidentifying f; asfy, and a
probability w;, of misidentifying f; as f;. From equation (41), the time-dependent decay rate canittermwas

1 ol P+9-+P-04 i

| (f1fz | Y(tp,A) 2 = € NN 2 {1 (f2| BOAL) [ [(1—wa) | Ay [ +wp | A7[?] +
| (f2 | BY(80)) [ [(1—wa) | Ay |? +Wn | Ap|?] -
2Re[(f2 | BY(A)) (2 | BY(A))" ((1—wi)AA; +WiATAY)] ) (121)

with the following relations being satisfied:

AP = 1A

|AT? = rdpp | ALl

|AI|2 = ﬁr(22F>,1|A1|2

AA = i @® | AP

AR = Tirdpie ™ |ALZ (122)

@1() is the relative phase @f; (A7) with respect téA\;(A7). From equations (121) and (122) it can easily be seen
that a change in andry can be completely absorbed in a redefinitiowef wy, Rg€®), Im(€®), Rgle ')

and Im(e~'®). The dependence with andry is quadratic for the former and linear for the latter. Of cmyr

if the real and imaginary parts are either fixed or constrhiioebe within the physical region this is anymore
true since the complete absortion of the effect requiresith@ltaneous change of all the above quantities. If

3All the feasibility, reach and validation studies when DCHfifects are neglected were described in detail in [11].
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for example (our case) Reé®) and Rée ') are fixed to zero, the systematics from their variation frento
+1 will scale linearly with the largest possible value assdrfte r; andry, while the uncertainty fronn; and
f1 in the sine terms will be absorbed in a redefinition of thedittalue of Imé®) and Im(e~'®). This feature
was verified using toy Monte Carlo, as described in appendx A

So far we assumed that the final stafgsand f, receive contributions from a single channel. In practice,
the B sample used foB tagging and the flavor eigenstate sample are an admixturéf@ietht channels. When
we consider semi-inclusive measurements that do not dgissh between different final states, the decay rate
distribution has to be expressed as

[ (fuf2 [Y(A0)) 2 O Y o | (o2 | Y(AY) |2 (123)
J

where the set of final states has been denotedifpfp};. w; are the weights for each final state, and include
relative normalization factors and experimental efficieac The decay rate distribution can be written in the
form of equation (53) with the following substitutions:

lug 2= 3 o |us, 2
]
|m*— zwj [ m; |2
Uim— % wjui jm;
]
Upu® — % wjuy ju
]

It is therefore expected that multiple channels would ttesuan effective single channel which overall effect

would be a weigthed average of each individual channel. Aensequence, the effects from more than one
channel should always be smaller than the worse possildéesihannel. This was confirmed by a toy Monte

Carlo study, described in appendix A.3. This proves thatDKd&KM systematics extracted under the single
channel assumptio will be conservative.

3 Decay modes, data and Monte Carlo samples
The decay modes considered for the analysis are:

Bcpyg Sample: BO—JWKI(rtt 1t and 1), BO— W (29)KO(rth 1), X1 KO(ITHTr);
Jy—etem iy Y(29)—ete ur T JW T Xa — Y,

Bepyo sample: BY—J/yKY;
Btiav Sample: BOHD(*hT(p, a;) and BOHJ/l]J K*9. Charmed mesons are reconstructed in the following modes:

D*~ — D1t with D° — Ko, K+t Ko KO, D~ — KFmom Ko p= — i,
a; — e Tth, KO K.
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O Mes mes Yield Purity
Fig. Mode (MeV) (AE for JWKO) | (%)
2 D1t 2.57+0.05 5076+ 90 92
D*p 2.91+0.08 3190+ 84 84
D*ay 2.574+0.08 2371475 78
3 Dmt 2.49+0.05 5596+111 81
Dp 2.85+0.08 3230+ 92 76
Day 2.434+0.10 1780+ 73 65
4 JPK*0 ete” | 274+0.10 1016+ 38 95
(K*717) uru- | 2.584+0.10 931+ 35 96
all Bfjay 2.63+0.03 23192+ 225 82
5 JWKY ete” | 268+0.16 470+ 27 94
(rth ) php | 2.63+0.13 529+ 25 98
6 JWKY efe" | 31405 83+14 84
(M) Wp | 3.2+04 100+ 14 89
7 PRSK?  efe | 3.0+£05 80+ 14 85
Wy~ | 24403 82+11 94
8 Xc1 K9 efe" | 35407 42+8 95
- | 2.3+05 40+8 93
all Bopyg 2.73+0.09 1426+ 47 94
9 | JYKP(EMC) e'e — 154+ 15 54+3
Tule — 174+17 4943
10 | JUKO(FR) e'e — 160+ 15 70+ 4
Tull — 163+ 16 65+ 4

Table 5: Event yields, signal resolutions, and signal jmsifor theBy,y andBcp decay modes, from 56
of data (Winter'02 data sample). Results are shown sepafate)/y — e" e~ andJ/y — P~ channels. The
errors on these quantities are the statistical errors flmrdistribution. Themngs results, yields and purities
were determined from a fit to a Gaussian plus Argus backgrouado AE window (the purity was estimated
for the regionmes > 5.27 GeV/c?), as shown in figures 2 to 10.

Each of these samples is separated by tagging categoryawital of 4 tagging categories: the default
tagger used here is the Elba Tagger [19], while the Moriorgh&a[20] will be used as cross-check.

The selection cuts for all the modes are the same as thosérnugd 8, 21]. The data sample corresponds
to an integrated luminosity of approximately 56 fb Table 5 summarizes the event yields on the full data
sample for all theBsj5y and charmonium modes. In each case,dlmes), yield and purity (estimated as the
signal fraction for events witimgs > 5.27 GeV for modes other thalip KO and| AE |< 10 MeV for JWKP)
are given separately for each mode, and in the case of charmeonodes it is given foeeandup. Figures 2, 3,
4,5, 6, 7 and 8, show the unbinned maximum likelihood fit useektract the yields and purities given in table
5. The fits are performed to the beam-energy substituted, mags- \/E*2 — p*2, using a Gaussian plus Argus
background shape. TP KP channel is handled differently, using the variabe = E?, + E;;E — Epeam See

I
[18] for details. The fit results to th&E distributions are shown in figures 9 and 10.

Two different Monte Carlo samples are used: an standard Isartie same as used in [8, 18], and a
dedicated one. The values of the physics parameters usé@ igeneration of the two samples are shown
in table 6. Each sample contaiBs)ay, Bcng and BCPKE decay modes. The standard sample itself has two
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Parameterr Standard Monte Carlo| Dedicated Monte Carlg
(exclusive and inclusive (exclusive)
AT /T 0.00 0.20
la/p| 1.00 1.04
'WCP 0.70 0.70
cp|
Am 0.472 0.472
FrfACPRa 0.00 0.00
cp|
Imz 0.00 0.00

Table 6: Physics parameter values of the standard and dedlifbonte Carlo samples.

subsamples, one with exclusive charmonium decays andllee with inclusive decays. The dedicated sample
has only exclusive charmonium decays. The statistics afngtcuctedB mesons (before vertexing cuts and

tagging) are given in table 7, for each mode and sample deparit must be noted that the relative statistics
among the samples as we have in the data was not kept here.

ASCl | files input to the fits are taken from:

/ nf s/ farm babar/ AWZ2/ si n2b/ dat ar un2/ BReco/ ASCI | / anal - 12a/

/ nf s/ farm babar/ AW=2/ si n2b/ nc_run2/ BReco/ ASCI | / anal - 12a/

I nf s/ farm babar/ AWZ2/ si n2b/ dat ar un2/ Char moni uml ASCI | / anal - 12a/
/ f arm babar / AWZ2/ si n2b/ ncr un2/ Char noni um ASCI | / anal - 12a/

/ nf s/ farm babar/ AWZ2/ si n2b/ nmc_run2/ Char nmoni unmf ASCI |/ al i gnment /

[ nf s/ farni babar/ AWR/ si n2b/ nc_run2/ BReco/ ASCl | / anal - 12a- MCal i gn/
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Sample Standard Monte Carlg Dedicated Monte Carlo
B cocktail 57080 85048
exclusiveB?—J/pK? 41433 12858
exclusiveB?—(25)K? 5186 5248
exclusiveB?—x¢ K9 5357 5050
exclusiveB®—J/QK? 20814 5431
inclusive BO— J/y K{(rt 1) 3190
inclusive B®— JW K(rPmP) 763
inclusive B’ —y(2S)K? 326
inclusiveB%—x¢ K2 305
inclusiveB?— J/WK? 5452

Table 7. Standard and dedicated Monte Carlo statisticer(aficonstruction and before vertexing cuts and
tagging). The values of the physics parameters for eachragme were shown in table 6. For tldg) K° mode
the statistics is given for th&E interval [—20,80] MeV.

at SLAC, and
/ net/fcbabar 02/ space/ | ocal 2/ sandr el / cpt W nt er 02Pr oduct i ons/ newMC/

in Pisa.

4 Resolution function and vertexing cuts

The decay time differencét between the two decaying mesons is calculated from thepositions of
the reconstructed vertices, using threeragetg approximation[24], which uses the measuré4S) boost
(determined on a run-by-run basis) as well as the polar avfgiee reconstructe®, therefore accounting for
the boost of th& mesons with respect to th&4S). The standardBABAR algorithm,Bt aSel Fi t , with default
configuration (beam constraints) is used forAzeeconstruction [24]. Only events satisfying that |< 20 ps
andop; < 1.4 ps are accepted, the same as using in the hadronic miximgsen@1]. The nominal fit (section
6) does not include in the normalization of the PDF fttecut. The fit including the limited\ range will be
done as well and used to estimate a systematic uncertaistyodhis assumption. Fits in differeAt andoag
ranges will be performed as well as cross-check.

TheAt resolution is modelled using two different parameteriagi [26].

The first approach, called thereaftec model asumes three Gaussians [21]. Toee component tries to
describe well measured vertices, meanwhilettliepart accounts for poorly measured decay times. Finally,
there is a small fraction ddutliers (a few per mille) wheréit is badly reconstructed, partly due to mistakes
in the track reconstruction, partly to tracks from secogpddgcays (long living particles and hard scatters).
As the reconstructedt error provides a good (approximate) representation ofdlelution for the core (tail)
Gaussian, it is used to weight the events on a event-by-éyasis, rather than to use a global resolution,
therefore increasing the sensitivity of the analysis tol wetasured events. As the error is still not a perfect
representation of the resolution (especially for the tathponent) we allow for two global scale factors. On the
contrary, the event-by-evedt error is not a good representation of the resolution for itéiers component,
and in this case a global and fixed (8 ps) resolution is useddds In addition to the increase of the sensitivity,
the weighting of the events according to the reconstrudieérror largely eliminates small differences in
resolution between the different classes of events egténithe analysis. Very small residual effects due to
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differences in the scale factors can then be consideredrbeffihe systematic uncertainties. Figure 11 shows
the distributions of the per-event error én for the Byj5, and Bcpxg data samples, for signaings > 5.27
GeV) and sideband (8 < mgs< 5.27 GeV) region events. The curves correspond to the unbimaedmum
likelihood fit to a Crystall Ball shape. The results of thede &ire the basis to define the probability density
function used to generate realisfit error distributions in toy Monte Carlo studies, but they d¢ enter in the
definition of the likelihood function.
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Figure 11: Event-by-event error dx for the (a)Bsqy and (b)Bcng data samples, for for signaints > 5.27
GeV, black) and sideband .6< mgs < 5.27 GeV, blue) region events. The sideband statistics has bee
normalized to the same number of signal events. The curvesspond to the fit to a Crystall Ball shape.

Although the vertex reconstruction algorithm minimizeadais due to the secondary charm decays and
V?s in the tagging side, therag position is on average biased towards positivalues, resulting in a negative
shift in At. This effect is accounted in the resolution function byadticing a shift in the central value of the
core and tail Gaussians. Due to the differBrdecay channels populating the different tagging categpotiee
average bias is category dependent. It was found that intnod a different bias in each tagging category for
the core component but having a common tail bias providespitienal trade-off between systematic effects
and number of different parameters in the resolution [21].

The second parameterization, call@&xp uses one Gaussian with variable width and zero bias plus the
same Gaussian convoluted with an exponential which effedifetime is intended to describe the charm bias
[26]. Similarly to theGG model, the reconstructelt error is used to weight the events, and different effective
lifetimes and fractions of the exponential part are assufoe@ach tagging category, in order to take into
account the differerB decay channels populating each tagging category. Theepatimponent in this model
is assumed the same as in tA& parameterization.

In summary, for an event with reconstructét, o), the GG resolution function for tagging categooy
reads
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R (Dt — At/a o 0a) = (13— frail — foutlier) Na (At — At 5§0re, SeoreOnt) +
frail N (At — At'; Stail , Sail Oat) +

foutlierhg (At — At/, ; Qoutlier Toutlier) (124)
where
1
hg(t;d,0) = exp(—(t — 8)%/(20%)) . 125
:3.0) = el (t-5)?/(20%) (12

The equivalenGExpresolution function for tagging categoayreads

R(Dt— AV, 0p;00) = (1— fExp— foutlier)na (At — At';8 = 0,Sop ) +
CY [exp( s +At_At/> erfc( > +At_m/>} +
P20 1Y 2(t0)2  onT? V2td  V2Sop
foutlierna (At _Atl,;éoutlier,ooutlier) (126)

The complete signal resolution function for all taggingecatries is therefore represented by 11 parameters
in the GG model,

q = {S:ore, BLec)Eéons’ 55398"5, éyo-l;(]é, 62101;—5, ftail 3 5tail ) Sail ) foutlier, 5outlier, o'outlier} (127)
and 12 in theGExpparameterization,

leptons +kaons -NT1 _NT2 ¢leptons fkaons ¢NT1 ¢NT2
q:{SSTr el el AL ’fEpr s TExp 7fExp7fExpafoutlieh5outlier700utlier} . (128)

Ooutlier anddoutiier are fixed, respectively, to 8 and 0 ps.

In the GG model all offset®?,,. anddi are modeled to be proportional to the reconstructed erxgr
since it was found that events with higiz; tend to have higlit residual [31]. Figure 12, extracted from [21],
shows the dependence of the mean (and RMS) of the Monte Barésidual in bins of the reconstructey;.

It can be seen that the linear scaling is a good approximdtioa,: < 1.4 ps. Above this value the observed
dependence diverges from the linear model, although thistita there is small. Th&Expmodel accounts
implicitely for this observed correlation [31].

The reconstructed event-by-evekiterror (Ox) is used to weight the events in the fitting procedure [11].
It is therefore important to make sure that there are no feigmit correlations among this variable and the
variables parameterizing the tagging performamée(average mistag) antw® (B°B° mistag difference), and
if there are, then model them properly. As shown in figuredi3(tthere is an almost perfect linear correlation
between the mean wrong tag fractiosf!, and theAt error, especially for thé&aon tagging category, being
much weaker or negligible for the other categories. We thedehthe wrong tag fraction according to the
following model:

w = WS +W(sllopeGAt . (129)

As it can be seen in figure 13(top), for kaons this linear magelies better foox < 1.4 ps. Detailed studies to
explain the mechanism of this observed correlation can twedidn [30]. The difference of the mistag fractions
for B® and B°, Aw?, is well constant over the fulby range, for all tagging categories, as shown in figure
13(bottom).
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Figure 12: Mean and width of the MGt residual in bins of the per-event errog;. Fits are shown to a line
constrained to pass through the origin @@¢ < 1.4 andoa; < 2.4 ps.

5 Blinding

Tables 8 summarizes the blinding strings, as well as theaerdlues and RMS of the blinding for each
parameter and fit configuratioddm andtg (whentg is free) were unblided between version 2.0 and version
3.0 of this note. Common blinding strings for Analysis 1 andalysis 2, as well as fdBcp, BCPKSO only and
Bepio only fits, are used. The time distributions and asymmetriealden.

Parameten Central value] RMS | Blinding String
Al /T 0.00 0.50 | Here we blind the width difference
la/p| 1.00 0.04 | Here we blind absgoverp
"”A‘égf 0.60 0.20 | Here we blind imagLambda
o Rez 0.00 0.50 | Here we blind realZ
Imz 0.00 0.50 | Here we blind imagZ

Table 8: Central values, RMS and strings of the blindingtstna
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Figure 13: (Top) Mistag fraction from Monte Carlo in bins ddrgevent errooy, for each tagging category.
(Bottom) B°B° mistag fraction differences from Monte Carlo in bins of peent erroroy, for each tagging

category. The straight lines are the result of a simple larfite¢o the points (with slope and origin free).
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6 Description of the nominal fit

The complete log-likelihood function used in this analys#s described in detail in section 2. The assump-
tions made in the nominal fit are the following:

e Two configurations (Analyses):

Analysis 1: fit for AT /T x sigr\(%), Am, | g/p| and 'mgf (4 parameters); Thus this analysis assumes
CPT conservation.

Analysis 2: fit for Al /I" x sign(%), Am, | q/p, % RQ% and Inz (6 parameters).
T will be kept as fixed parameter. Although all the parametexsdptt) are left free in the nominal fit (as
required in order to have a theoretically consistent séepamly measurements @& /T x sign( R%F’),

Ace|
Ffféglp, Imzand| g/p | will be provided.Am and "’;‘égf will be used as cross-checks. Fits witlfree

2
will also be performed as cross-checi<? is extracted agfxc—gf =44 /1— (IITQEIP) , S0 itis constrained

2
to be within the physical region, i.e.—l('mACF’) >0;

[Acel

Rez

e assume that the mechanisms contributing to the decay of gelastates have the same weak phase for
Nt = —1 andn., = +1 modes;

e assume a single effective channel in the tagging and flagemstateB sides and fit for the imaginary

parts of the corresponding doubly-CKM-suppressed phé%{é?%, ';;A“"‘g, 'm“al“, "';':”alv (4 parameters).
al tag av av

The real parts are all fixed to zero. The ratios of the decayliardps of DCKM to favored processes,
ltag andr sy are also fixed to the value discussed in section 7.1.4. Thesmonding ratios foB?, ltag
andrijay, are assumed to be the same ayr

e atotal of 9(11) parameters are used to describe the sigs@lten function with theGG(GExp model:

GG: scale factors of the core and tails compone8ise andS,j ; tagging category dependent core bias,
0%, common tail bias,; fraction of tail and outlier Gaussian§gi and fouier; the width and
bias of the outlier Gaussian were fixed to 8 ps and 0 respéctildis is the model used for the
central value;

GExp scale factor of the Gaussia,tagging category dependent effective lifetimg)(@nd exponential
component fraction fg, ); the width and bias of the outlier Gaussian were fixed to 81t @
respectively. This model is used as cross-check and to &stimmsystematic uncertainty due to the
resolution model parameterization;

e atotal of 12 parameters are used to describe the signalgsistar each tagging category, the average
mistag fraction (originng, and slope/vglope) and theB°BP differences Aw®;

e 3 background components are assumed foBife sample (16 parameters):

— a prompt (zero lifetime) and non-prompt (non-vanishing &eeé lifetime -1 parameter-) compo-
nents, with their own effective wrong tag fractioﬂrg‘(ope andAw* fixed to zero) (8 parameters) and
a common resolution function, described as a common singlgs§&an distribution with a scale
factor Syackg @and a biadpackg (GG model) or a common single unbiassed Gaussian with a scale
factor Syackgplus the same Gaussian convoluted with an exponentialibmeaiith effective lifetime
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Tt backg (GExpmodel), and an outlier fractiofyackgoutiier (3 parameters); the width of the outlier
component is taken to be fixed at 8 ps with zero bias; the veldgrompthlav fraction of prompt
background for each tagging category are also considersdeaparameters (4 parameters);

— a peaking contribution, which resolution function is thensaas that of the signal, witB™* fixed
lifetime to the PDG2000 value 853+ 0.028) [22]; the peaking background fraction is fixed:;

— no oscillatory/CPT/CP/T structure is assumed for the nammapt combinatorial background com-
ponent. Checks will be performed to evaluate possible Byaie uncertainties;

e 3 background components are assumed foB@‘@ sample (2 parameters):

— prompt, non-prompt and peaking background, where the pgdidckground fraction is also fixed,
and a common (averaged over tagging categories) prompioinas assumed (1 parameter). The
wrong tag fraction parameters, lifetime and resolutiorcfiom of the peaking background compo-
nent is assumed to be the same as those of the signal. Tiradifet the non-prompt background is
left free (1 parameter) and assumed the same for all taggitgggories. No CPT/T/CP/oscillation
structure in the background is assumed. Finally, the résaldunction parameters of the prompt
and non-prompt components are assumed the same as thosepobihpt and non-prompt back-
ground components of tHg&y,, sample;

e the background treatment in “B%PKE sample is performed as outlined in section 2 and described in
detail in [18], with only one difference. While in [18] theg@lution function parameters of the ndfy
background are extracted from an external fit to Jhe dilepton mass sideband, here we assume them
to be same as for the prompt and non-prompt background coenpopf theBy 5, sample, similarly as
it is done for theBCPKg sample. Only the fraction of prompt component and the lifetiof the non-
prompt one are fixed to the values extracted from the extéitn&ls in [18], due to different background
composition, th@Bcng sample is splitted according to €’ type (IFR and EMC) and/y channel

(e"e  andpy™u). See section 7.1.5 for more details;

o the signaB°B° differences in reconstruction and tagging efficiencieand®, are extracted simultane-
ously together with the other parameters using the extelikddithood described in section 2. The method
uses signaBs 5y events as extracted from standangs fits. This method translates any systematics due
to detector charge asymmetries into an additional corttabuo the statistical error. For the prompt and
non-prompt background components (for all sampBag,y, Bcpxg and BCPKE), the values assumed for

v and® are those extracted from thgy 5, sideband sample,.B< megs < 5.27 Ge\//cz. As for these
background components we assulim=0,Al" /=0, | g/ p |=1 andz= 0, the extended likelihood method
turns out to be equivalent to fixandp® to the values extracted previously to the fit;

e assume direct CP conservation, for bBfy, andBcp samples;

e the parameters of the signal probablity obtained fromrtie fits are taken as fixedB§ 5y and BCPKg
samples).

The total number of parameters is therefore:

Analysis 1: 57 with GG model, 59 withGExp
Analysis 2: 59 with GG model, 61 withGExp
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In both cases, 10 parameters are those fronBtbeunting entering in the extended likelihood term (thosdus
to extract the detector asymmetries).

Results in the e, 8} formalism will be also provided to first order in Randd, using the relations given in
section 2.3.

7 Results

7.1 Fitinputs
7.1.1 Mistag fractions for chargedB'’s

The mistag of chargeB mesons are extracted from a maximum likelihood fit toBiesample alone. The
decay modesy(mes), yield and purity are shown in table 9. The lifetimeBf mesons is left free. All the other
oscillation/CPT/T/CP and DCKM parameters were assumee tebo (exceptq/p |=1). The fitting strategy
is similar as same as for thgy |5, Sample (excluding thECPKg and BCPKE samples). The peaking background

component due t8° decays is assumed to b20+ 1.5)% [26]. The mistags for the peaking background are
assumed the same as for the signal (no corrections are asfiemeedue to the known differences of mistags for
neutral and chargeB mesons since would propagate to our measurements at sectinmdi@rder, as will be
shown in section 9.8). The charge asymmetries for signapamhpt and non-prompt background components
are fixed to the values extracted previously to the fit (tabb®;41), using signal and sideband events.

0 Mgs mes Yield Purity
Mode (MeV) (%)

D'nt | 294+006 5451-103 | 88
Dot 2544003 14013-173| 83

Table 9: Event yields, signal resolutions, and signal fmsifor theB™ decay modes, from 56 i of data
(Winter'02 data sample), before vertexing cuts. The ermorghese quantities are the statistical errors from
the distribution. Thargg results, yields and purities were determined from a fit to assi&n plus Argus
background in a8 AE window (the purity was estimated for the regimas > 5.27 GeV/c?).

Sample Vo
Bt signal | 0.013+0.011
B* sideband| 0.010+0.012

Table 10: Measured® values B°BP difference in reconstruction efficiency) from tlBs data sample. UP-
DATED.

Sample Lept on Kaon NT1 NT2
Bt signal | —0.017+0.028 | 0.0154+0.013 | 0.037+0.038 | 0.0184-0.028
B* sideband| 0.081+0.091 | —0.008+0.016 | 0.023+0.051 | 0.019+0.027

Table 11: Measurep” values B°BP difference in tagging efficiency) from thg" data sample. UPDATED.
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The results of the fit with th&G and GExpresolution models are shown in tables 12 and 13, respegtivel
The lifetime is unblinded. Figure 14 shows the normalizesicheals (defined as the difference between the data
and the fit projection onto thit axis divided by the error), separately for each tagginggmateand forB~ and
Bt events.

RN T e PR T

;s W* i Xﬂ W * ﬁH ° ﬁﬁﬂ:ﬁw m ﬂw : W W me : W Wﬁ% WW

TR TTURE TTURE TR

el ] B TR e

: Wﬂw iy *W Wﬂw : #HW Wﬁw ol JH*WW
@ )

Figure 14: Normalized residuals of th projections of the nominal fit to the chargBdlata for (a)B~ and (b)
B* events, for the different tagging categori€&d model).

7.1.2 mesfitresults

An event-by-event signal probabilitpgig(mEs), for theBgay andBpko Samples is estimated from unbinned
maximum likelihood fits to thengs spectra, assuming a Gaussian plus an Argus background, shap&
AE window. Themgs fits are performed separately for each tagging categoryhdtn, theBs 5, and Bcng
samples. The results of these fits are shown in figures 15 gridrit&e Bfay andB-pko Samples, respectively.
The parameters describing the signal probability obtafnau these fits are fixed in the final likelihood fit.

7.1.3 Peaking background forBs5, and Bcpkg samples

The amount of charge® background that peaks in thegs By distribution was estimated by using
generic Monte Carlo. In addition, a cocktail Monte Carlo péaof charged’s containing the main sources
of the background in the generic Monte Carlo was also gesetrand used [21]. The signal events from all
reconstructed modes are removed from the Monte Carlo andsadé@rformed to the remaining distribution
including a Gaussian term plus an Argus background. ffggg( fraction was finally estimated to b@.5+
0.6)% [21]. In the case of thBCPKg sample, the inclusivé/y Monte Carlo was used [8], and the amount
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Figure 15:mgsfits to each tagging category for tBg|,, Sample, after vertex cuts.

of peaking background was estimated similarly, but now fhechannel separately. Only tagged events are
considered. The averagégeakvalue was found1.5+ 1.0)% [8].

7.1.4 Doubly-CKM-Suppressed decays

The expected relative amplitude of DCKM to favored decaysndry (k = tag, flav), was fixed to 0.02,
as our best estimate assuming that the amplitudes are dewchibs the Standard Modél — ¢ andb — u
transitions,| Vj,Ved || V& Vud |, for the favored and suppressed decays, respectively gfitjusing the CKM
matrix elements values from [23]. We assumed the same valurdging and reconstructdisides. In the

case of the_ept on tagging category, largely dominated by semileptonic de¢mpore than 95%) the value of
of riag @andriag were assumed to be 0 instead.
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Figure 16:mesfits to each tagging category for t%pxg sample, after vertex cuts.

7.1.5 B° — JWKP background parameters

Fit inputs to theBCPKE sample are basically the same as those in [18]. More than 90%e @vents that

pass theK? selection cuts contain a re3h[18]. Table 14 lists the signal and total inclusiy& fractions,
broken down by the top seven decay modes ofltpe and theK? reconstruction type, for events that pass the
selection cuts, in a windoWAE |< 10 MeV. The effectivecp is also shown.

Events from the)/y dilepton invariant mass sideband are used to determinertiperies of the nodAp
background. From a comparison of the flavor tagging effigiémthe data sideband with those of thg,, data
it is found that the lepton category tagging efficiency in da¢a sideband does not agree very well with those
of the B¢jay data (and inclusivé/ys Monte Carlo). This is consequence of the loosening of therBtDirement
on the muons in thd/y — pu selection [18]. A a result of this difference, the sample position has been
splitted by flavor tag, allowing for the lepton-tagged egeattt be treated separately from other tagged events.
The fractions for the three non-lepton tag categories ametbre the same.

A binned likelihood fit to theAE spectrum in the data is used to determine the relative araadrgignal,
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inclusive JAp background and nodAp background. In these fits, the signal and incluslie-distributions are
obtained from inclusivd/(p Monte Carlo, while the nod/Ap distribution is obtained from th&Wy dilepton mass
sideband. The fit is performed separately for eftreconstruction type (EMC and IFR), due to differences
in purity and background composition. Due to the lowered RdGuirements in thd/\p — pp selection, the
sample is further splitted into lepton type. TH& — eeand JW — ppfits are performed simultaneously
by constraining the ratio af/K? events to inclusive)/y events inJ/ly — eeandJ — puto be within the
precision of the Monte Carlo. The different inclusiyey backgrounds from Monte Carlo are then renormalized
to theJ/W background fraction extracted from the data. The fractamesadjusted for lepton-tagged and non-
lepton tagged events in order to adecuate for the obsenfitedices in flavor tagging efficiencies in the
JW sideband events relative to tiBe|,y and inclusiveJ/y Monte Carlo (see [18] for details). The sample
omposition fractions finally obtained with the proceduré¢hie data are given in table 15.

The variableAE is used on an event-by-event basis to discriminate betwigaalsand background. As the
JA lepton type is not expected to influence thie shape, the PDFs were used without regard to lepton type.
The AE PDFs where used separately for EMC and IKRtype, and they were grouped faWwK? (signal),
JWK? background,J/p X background (excludind/wK?) and nond/y. TheAE PDF'’s are taken from the fits
contained in the hbook file:

/ nfs/ farm babar/ AWF si n2b/ dat a_r un2_wi nt er 02/ Char noni un kl ong- i nput / de- pdf s- wi nt er - 2002- v1. hbook.

According to the studies reported in [18], the differentalemodes contributing to th#pK® mode are
statistically consistent with having the same mistag foast as in thd3t 5y, Sample. In this analysis, the resolu-
tion function of the signal and inclusivdy) background was assumed to be same as foBthg sample. The
resolution function for the nodAp component (combinatoric in nature) was assumed the sanie gsampt
and non-prompt background components ofBhg, and BCPKSO samples. As the relative fraction of prompt to
non-prompt component and the effective lifetime of the poompt in the nond/ background are not nec-
essarily the same as in tigg |5, and BCPKSO samples, an external fit to thiAp dileptopn mass sideband was
performed, and then were fixed in the nominal fit. The extefihabed aGG resolution model, and the mistag
fraction was assume to be 0.5, and the scale of the tail GuaSgj , was fixed to 3.0. The results are reported
in table 16. The fixed prompt fraction and effective lifetimere finally, respectively,.69+0.12 and 17+0.3.

7.1.6 Direct CP violation

The nominal fit includes in the PDF (via the parametérandu®) any possible violation of CP in the decay
of tagging and flavor states. In the case of CP eigenstatessueng CP conservation in the deceyptp=1).
A systematic error will be assigned due to this source byingmepcp by £10%.
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Parameter B fit results GG model)

T 1.632+0.033
Isggtfgn 1.246+0.075 Parameter | B fit results GG model)
A —0.252+0.086 epton
Sezon 0.9614 0,047 ForomptBriay 0.24140.081
NI ~0.25+0.11 FEromptBiiay 0.680+0.024
e —0.253+£0.078 FDrOmptB iy 0.725+0.036

. —2
éall (0.8 ;Eolfl 410 DO DBy 0.753+0.026

ail 0=x4. Shack 1.400+ 0.024
B 0441 Soack (-40+19)-10°2
foggig:] (0.2+16)-10 2 foackoutlier (1.0940.23)- 102

V&?kaon (4.8+ 1-4§ 10°2 wepon 0.26+0.12
0 (3.9+1.3)-10° wkaon 0.1636 0.0097
Wi Tt (9.4+3.1)-10°2 RpPmPt
0.28140.028
w72 0.31840.030 Q.prompt 0.3994 0.016
V\)epton _11425). 10_2 0,prompt : :
slope (-11+25) wepten 0.128+0.038
wkaon, 0.139+0.022 Do prompt ' '
leT‘i 0.170+0.057 Q.non-—prompt 0.231:£0.019
W’s\l_clzge X —2 0,non— prompt 0.430+0.062
slope (50£4.7)-10 2 0.392:+0.042
Awfepton (5.84+9.3)-10°3 O,non--prompt ' '
A\Nkaon (12i 84) . 1073 Tnomprompt 1361i 0068
AWNTY (27+2.3)-10°2
AWNT? (-1.8+21)-1072

Table 12: Fit results foB™ data GG resolution model). The lifetime is unblinded.
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Parameter] B fit results GExpmodel)

T 1.634+0.021
S 1.167+0.084
rePen 0.248+0.084 Parameter | B fit results GExpmodel)
kaon
i Mt g,;;i’gﬁﬂav 0.245+0.079
TFITZ 5.0000 + 0.0073 m,{,mgﬂw 0.680+0.024
fopon 1.00000 =+ 0.00094 pIOMPLB oy 0.726+0.036
faon 0414022 foromptBi1ay 0.7534+-0.026
it 0.37+0.30 Soack 1.400+0.024
fg‘xpz (4.6+1.5)-10°2 f Tr back —-1.44+48 B
foutlier (0.0°£5.2) - 10-5 bagl;);)ourglier (1.06+0.23)-10
Wloepton (48+14).102 Oé‘gﬁmpt 0.26+0.11
W(I;aon (39:|: 13) . 10—2 ou?iom pt 0.1635+0.0097
wh T (9.4+3.1)-10°2 0.prompr 0.281+0.027
wy T2 0.318+0.029 0. prompt 0.399+0.016
wheon (~1.1+25).10°2 W o rompt 0.128+0.038
weRn, 0.13940.022 oag%lnmprompt 0.231+0.019
wh L 0.1714+0.055 Dhon- prompt 0.430+0.062
wggge (5.0+4.6)-10°2 Binon- prompt 0.392+0.041
Awfepton (5.849.3)-10°3 Thon- prompt 1.365+ 0.068
Awkaon (1.3+84)-10°3
AWNTL (27+23)-1072
AWNT2 (-1.84+2.1)-102

Table 13: Fit results foB™ data GExpresolution model)# at limit. The lifetime is unblinded.

KL type EMC IFR Ncp
J/WK 0.622| 0.732| +1
J/PK*0 0.077| 0.064 | -0.68
J/PK*t 0.109| 0.114, O
J/WKs 0.031| 0.009| -1
J/WK O 0.004| 0.002| O
J/WK Tt 0.004| 0.007, O
XcKL 0.011| 0.015| +1
J/WX other || 0.142| 0.150| O
non— J/y 0 0 0.21

Table 14: Sample composition fractions K, inclusive charmonium Monte Carlo.
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KL type EMC IFR

Tag type Lepton non-Lepton Lepton non-Lepton
J/P mode ee | pp ee | pp ee | pp ee | up
J/WK, 0.5701| 0.5294| 0.5367| 0.4747|| 0.6988| 0.6679| 0.6788| 0.6336
J/PK*0 0.0824| 0.0847| 0.0776| 0.0760|| 0.0661| 0.0701| 0.0642| 0.0665
J/PK*t 0.1141| 0.1174| 0.1075| 0.1052|| 0.1216| 0.1290| 0.1182| 0.1224
J/WKs 0.0335| 0.0345| 0.0315| 0.0309/|| 0.0085| 0.0090| 0.0083| 0.0086
J/WK O 0.0035| 0.0036| 0.0033| 0.0032|| 0.0025| 0.0027| 0.0024| 0.0025
J/PK Tt 0.0031| 0.0032| 0.0030| 0.0029|| 0.0080| 0.0085| 0.0078| 0.0081
XcKi 0.0122| 0.0126| 0.0115| 0.0113|| 0.0165| 0.0175| 0.0160| 0.0166
J/WX other || 0.1466| 0.1507| 0.1380| 0.1352|| 0.0616| 0.0653| 0.0598| 0.0619
nonJ/y 0.0345| 0.0640| 0.0909| 0.1607|| 0.0164| 0.0301| 0.0445| 0.0799

Table 15: Sample composition fractions fhhpK data.

Parameter Fit result
Score 1.45+0.15
Ocare 0.04+0.15
ftail 0.03+0.11
Sail 3.0
Stail —2+6
foutlier 0.0000+ 0.0002
fpromptBCP Q@ 0.594+0.12
Tnon-promptBe,, « 1.7+0.3

Table 16: Results from the external unbinned likelihood fiithe JAp dilepton mass sideband data, used to
extract the fraction of prompt to non-prompt background #rel effective lifetime for the nodAp JAPKP
background component.
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7.2 Analysis 1 results

Tables 17 and 18 report the fitted parameters for Analysiorithe GG and GExp resolution models,
respectively (combined fiBf|av+BCPKg+BCPKE). Tables 19 and 20 give the correlations among the 4 physics
parameters, again f@G andGExp

Parameter] B fit results GG model) Parameter | B fit results GG model)
Am 0.5220+ 0.0098 "r;zf'j‘v 07+1.2
AT )T (—0.8+4.9)-1072 Mty 05410
[a/p] 0.946+0.018 Tl 5+1.
e 0.612+0.085 'T‘;;t;g 05+1.3
Score 1.240+0.058 IMAtag 05+1.3
lepton - [Mag| . .
core (0.6+8.2)-10 lepton
dKacn —0.30340.058 foromptBiiay 0.383+0.067
3t ~0.216+0.092 e mbtB iy 0.643+0.024
o2 —0.264+0.075 DrOmPtBiay 0.615+0.038
Frail (39+1.8)-10°2 N2 otBiiay 0.701+0.025
Sail 44+16 Shack 1.389-+0.023
5tai| -27+13 4 5back (738:|: 17) . 10—2
J\j’ggtigrn (1.5:£2.0)- 1072 fhackoutlier (1.18+0.21) - 1072
o (9.3+2.4)-10 epton 0.1434 0.080
weon (7.1+£2.0)-10°2 Rt
0 12 aon 0.250+0.011
wy Tt 0.183+0.043 Qyprompt
Wi T2 0.362+ 0.038 o prompt 0.339+0.030
yepton (134+43)-10°2 0 iompr 0.449-+ 0.015
| : . epton
wkon 0.166 0.033 Wy e rompt 0.399:+ 0.055
WNITE (43+7.3)-10°2 Oaé’({"mpmmm 0.387+0.020
W’s\llgge (13+56).10°2 Qg0 prompr 0.4484+0.045
Av\jeop’%gn (22 + 16) . 10—2 0,non—prompt 0.460+0.032
AnKaon (-1.2+£1.2)-10°2 Thon- prompt 1.319+0.056
AWNTE (1.8+£2.4)-10°2 Trompteyg 0.632+0.070
AWNT? (-34+£19)- 102 Tnon—prom pt;BCPKg 2.30+£0.45

Table 17: Analysis 1 result§G resolution model.

7.3 Analysis 2 results

Similarly, tables 21 and 22 report the fitted parameters fforalysis 2, for theGG and GExpresolution
models, respectively (combined fB»‘IavJ“Bcng““Bcng)- Tables 23 and 24 give the correlations among the 6
physics parameters, again 186G andGExp

The normalized residuals, defined as the difference betitheetata and the fit projection (nominal fit to all
samples together) onto ti¢ axis divided by the error, for thBs|ay, Bcpxg andB.pko samples and the different
tagging categories are shown in figures 17, 18 and 19. Thedistrgbutions themselves are hidden.
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Figure 17: Normalized residuals of ti¢ projections of the nominal fit (Analysis 2) for thgy 5, Sample: (a)
mixed B° tagged, (b) mixe®° tagged, (c) unmixe@° tagged and (d) unmixeB tagged GG model), for each
tagging category.
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Parameter] BY fit results GExpmodel)

Parameter | BY fit results GExpmodel)
Am 0.5195+ 0.0097 ——
AT /T (—0.3£5.3)-10°2 o] 04+12
lg/p| 0.946-+0.018 1M flay 01412
ImAcp 0.61440.085 Atiav| T
Acel IMtag 02+13
S 1.138+0.052 [Magl
e 36+12 % 0113
ki
T 1304023 fepron 0.379+0.071
T . . k v
TE\'TZ 1684 0.39 F’)\I%)Tntflav 0.665+0.026
fIIEeprton (46+25)- 102 fF’)\If_?_ngthlav 0.6324+0.040
fkaon 0.291+0.059 PrOMpBiay 0.728+0.026
fI’E\lx 1 (6.5+3.2)- 102 Shack 1.377+0.023
e 0.219+0.063 Tr.back 242041
foutlier (1.8i 1.3) . 1073 fbackoutlier (9-9i 2-0) -10
epton 0.142+0.084
wisPron (9.2+2.4)-10°2 0. prompt : :
waon (7.3+£2.0)-10°2 0 prompt géigi 8-8;3
T1 . .
W’S‘TZ 0.1824+0.043 0.}Igr20m pt 04504 0,015
W’S‘ 0.363+0.037 0,prompt . :
wher (—2.8+4.3)-10°2 WEPON ot 0.39740.056
wgon, 0.16540.033 Onon- prompt 0.397+0.022
- T1
W’s\llgée (4.04+7.2)-10 2 o%m prompt 0.45440.049
W,s\llgpe (1.1+£5.6)-10°2 0,n0n—prompt 0.460+0.036
Awfepton (21+16)- 102 Tnon—prompt 1.2784+0.060
AwKaon (712:& 12) .10°2 fprompLBCPKg 0.657+0.072
Awl; ((18 i 24)) 10722 Tnom prom pt'BCPKg 231i 049
A —-3.44+19)-10
Table 18: Analysis 1 result§Expresolution model.
| aryr | Ja/p| | e | ar/r | o/p| | TR
[Acp] [Acpl
Am —23% | —1.1% | —5.7% Am —21% | —1.5% | —6.1%
AT /T 9.4% | —1.9% AT /T 10.2% | —0.7%
la/p| —0.9% la/p| —1.0%

Table 19: Correlations among the 4 physics param- Table 20: Correlations among the 4 physics param-
eters, Analysis 1GG resolution model. eters, Analysis 1GExpresolution model.

7.4  Asymmetric (MINOS) errors

The statistical errors shown in all the previous tables hosé obtained assuming that all the parameters
are Gaussian. Deviations from an ideal Gaussian behavieugx@ected from toy Monte Carlo studies. It is
therefore important to provide the asymmetric error esti®m@MINOS). They can be found in tables 26, for

the two analyses. The only significantly asymmetric erros feaind for Reﬁzféglp.
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Parameter B fit results GG model)

Am 0.523+0.010
AT /T (—2.1+4.8)-10°?
la/p| 0.945+0.018
e 0.620+0.083

R Rez (—6.44+4.6)-102

Imz —0.918+0.034
Sore 1.241+0.059
core (0.4+8.4)-102
akaon —0.302+0.060
PN —0.215+0.093
T2 —0.263+0.077
feail (3.84+1.8)-1072
Sail 43+17
Stail —27+14
foutlier (1.54+2.0)-10°3
wsPren (9.3+2.4)-102
wigaon (7.1+£2.0)-10°2
whT! 0.18440.043
whT2 0.36240.037
wber (-35+4.3)-102
wERe, 0.167+0.033
W’J;ée (4.2+7.3)- 10:2
AIER (1.3+5.6) 10
Awfepton (214+1.6)-10°2
Awkaon (-1.3+£1.2)-1072
AWNTL (1.74+2.4)-10°2
AWNT? (-35+1.9)-1072

Parameter | BY fit results GG model)
mAlay 17414
‘)\ﬂav‘ : .
L —0.7+14
[At1avl : :
ey 17+15
[Atag] . .
[vag _08+16
: \t}\tag\ ) :
epton
frlirompf,BﬂaV 0.384+0.067
aon
[’)\Ir_cl)_Tprﬂav 0.643+0.024
fm,;msﬂav 0.615+0.038
promptBjay 0.701+0.025
Shack 1.3894+0.023
Spack (-3.8+1.7)-102
epton
0 prompt 0.143-0.080
oaé’rl?)mpt 0.25040.011
0 prompr 0.339+0.030
WBtf prompt 0.449+0.015
epton
— 0.399+ 0.055
oaé’ci”mp,ompt 0.38840.020
0 [’I]_%n_ prompt 0448i 0045
Dhon-prompt 0.461+0.032
Tnon- prompt 1.31940.057
fprompf,BCF,Kg 0.632+0.070
Tnon—promptBCPKg 2.30+0.45

Table 21: Analysis 2 result§ G resolution model.
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Parameter] BY fit results GExpmodel)

Am 0.521+0.010 o
AT T (-2.045.1)-10°2 P?r;?TEter | B" fit results GExpmodel)
la/p| 0.94440.018 Aol 14+1.4
e 0.622+0.082 ImAfiay 10414

Re\cp o . 2 ‘)\flav‘ ’ ’
oFRez (=5.74+4.6)-10 i L4415

Imz —0.9194+0.034 I‘mT)L\ag‘

S 1.138+£0.052 m—;\g ~11+15

|
TP 36412 flepon 0.379+0.071
Tkaon 1.29+0.22 kaon
T a0L1l Fao By 0.665+0.026

NT2 N fNTL g 0.632+0.040
T 1.68+0.39 prompiBiay
fep " (46+25)-10°2 fprgpnsﬂav ‘i’-;igi 88;2
fkaon 0.293:+ 0.059 ack .378+0.
fIIE\lX 1 (64:|: 32> . 10—2 Tryback 242+0.41

N2 fbackoutlier (9.9+20)-10°3
f 0.219+0.064 ,

EXP wjepton 0.143+0.084
foutlier (1.84+1.3)-10°3 O,a%rr?m pt . .
wlePtor (92+24)-10°2 m/'a?,lompt 0.250+ 0.012
g | sz o di | S

T1 . .
w’gTz 0.183+0.043 e 0 prompt
wh 0.363+0.037 Do prompt 0.397+ 0.056
V\);g;g” (—2.9+4.3)-1072 W prompt 0.397+0.022
Wléﬁ)oge 0.1664+ 0.033 A Eoin_ prompt 0.454+0.049
wATL (3.9+7.2).10°2 Bimarn prompt 0.460+ 0.036
W’s\llgge (1.1+5.6)- 102 Tnon—prompt 1.2784+0.060
Awfepton (2.0£1.6)- 102 fprompT’BCPKg 0.657+0.072
AWkaon (—12i 12) . 1072 Tnon_ prom ptBCPKg 231:|: 049
AWNTY (1.842.4)-10°2
AWNT? (—3.4+1.9)-10°2

Table 22: Analysis 2 result§Expresolution model.
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IMmAcp

ReAcp

| ar/r | la/pl | e | TegRe| Imz

Am | —67%] —21% | —6.3% | 239% | —3.2%

Ar /T 9.8% | —3.6% | —204% | —7.2%
lq/p| 03% | —47% | —1.2%
'[Qggr —16.8% | 14.3%

RocRez —3.4%

Table 23: Correlations among the 6 physics parametersysisa?, GG resolution model.

IMmAcp

ReAcp

| ar/r | la/pl | e | TegRe| Imz

Am | —6.9% | —28% ]| —6.0% ]| 266% | —2.1%

Al /T 109% | —4.3% | —231% | —9.8%
la/p| 01% | —-52% | —2.1%
'[Qggr —165% | 14.5%

Fffénga —2.4%

Table 24: Correlations among the 6 physics parametersy8isa?, GExpresolution model.

ar/r | la/pl | g | fRgRer| mz | e | P | R | e
Am | —67%]| —21%| —63% | 239% | —32%]| —36%]| 03% | —21%| 3.7%
AT /T 9.8% | —3.6% | —20.4% | —7.2% | —0.0% | —2.4% | —0.3% | —1.8%
la/p| 03% | —47% | -12%| 09% | 05% | 02% | 1.3%
b ~168% | 143% | 102% | —47% | 10.9% | —3.5%
ROt Rer _34% | —38% | 13% | -32%| 20%
Imz 50.1% | —532% | 531% | —555%
'[;zgjv 8.8% | 743% | 158%
'[”Af—lf" 15.0% | 77.0%
IR):JQ 24.5%

Table 25: Correlations among the physics parameters andb8ses, Analysis Z;G resolution model.

7.5 BOBP differences in reconstruction and tagging efficiencies

The B°B® asymmetries in reconstruction) and tagging |¢') efficiencies for signal and sideband events
obtained in the two analyses are shown in tables 27 and 28b@idi values are independent of which analysis
we are running). The difference in the signal region valwesttie two analyses are so small that there are
no differences when rounding to the most significant digitsan be seen that the detector asymmetries are
compatible within zero.
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Figure 18: Normalized residuals of ti projections of the nominal fit (Analysis 2) for tIBg:PKg sample: (a)
B° tagged, (bB° tagged GG model), for each tagging category.

Parameterl Analysis 1GG | Analysis 2GG
Am | 05220750655 | 0-5237074
Al /T —0.008'5998 | —0.02175948
la/p| | 09467553 | 0.945700
ek | 0612308 | 0620758
Rock Rez — —0.064"0574

Imz — -0.9187953

Table 26: Results with asymmetric errors from Analysis 1 2nidta fits GG model.

7.6 Goodness-of-fit and expected errors

The estimation of the goodness-of-fit has been done usingltmte Carlo. The toy Monte Carlo generator
used for this study was described in detail in reference.[Ilfe following effects where included in the

simulation:

e mesandAE distributions for each sample and tagging category;
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Figure 19: Normalized residuals of ti projections of the nominal fit (Analysis 2) for tIBg:PKE sample: (a)
B° tagged, (bB° tagged GG model), for each tagging category.

Sample Lept on nonlLept on
BY signal | —0.00940.010 | —0.008+0.010
BO sideband| 0.005+0.010 | 0.00540.010

Table 27: Measured® values B°B° difference in reconstruction efficiency) from tiBg,,, data sample, for
Analysis 1 and 2.

e for each sample, twoy: distributions were genenerated using the Crystall Balapeaters extracted
from the data fits to signal and sideband events (sectionot)B frzy and Bcng events, the signal region
distribution was used for signal and peaking backgroundlewhe sideband distribution was used for
combinatorial backgrounds (prompt and non-prompt). Fgnali and inclusivel/\p X background in
the Bepyo sample the same distribution as for sigilo events was generated, while for naig
backgrounds we used the parent distribution ofBBgKg sideband events;

e At distribution (truth+smeared) for signal and backgrounchponents (prompt, non-prompt, peaking
and specific channels for tliap K® mode), for each tagging category;

e mistag ratesB°B? differences in reconstruction and tagging efficiencies lavehr correlation between
the average mistag fractions aog;

The experiments use the same statistics and configuratitwe a@minal fit. All the generated parameters were
tunned to those in the data. The generated values of thegshyaiameters obtained in the data fit are internally
unblinded by the generation code. Only converged fits arepaed.
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Sample Lept on Kaon NT1 NT2
B®signal | 0.050+0.045 | —0.019+0.022 | 0.006+0.056 | 0.007+ 0.040
B sideband| —0.010+0.076 | —0.010+0.014 | 0.022+0.044 | —0.019+0.023

Table 28: Measuref® values BB difference in tagging efficiency) from tHy,, data sample, for Analysis
1and 2.

X

Comparing the likelihood distribution coming from the expeents with the value obtained in the nominal
data fit (see figure 20), the goodness-of-fit of the data isuatedl to be 51% for Analysis 1 and 49% for
Analysis 2.

The errors on the physical parameters (Gaussians) conangtfre toy Monte Carlo fits are compared with
the RMS of the residual distribution and the errors (Gamssind asymmetric) extracted from the nominal
data fit (see figures 21, 22, 23 and 24). In the same figure avenstine residual distributions from the same
experiments. These figures deserve several remarks. Gasssian errors give a good estimate of the resolution
as extracted from the RMS of the residual distributionshimitLl0%. In addition, there is an overall good
agreement between the Gaussian and asymetric errors. dséleere is indication that the error from the data
sample tends to be slightly better than the prediction frieenMonte Carlo, but still within the expected range.
This effect was extensively investigated a no problem waadoso we concluded that we were lucky with the
current data sample. Third, the biases from the residutailaliions are in all cases very small compared with
the current statistical precision. The larger between the &nd its error will be assigned as systematic error
due to the fitting procedure (see section 9.13).

The correlation coefficients and the scatter distributiansong all the CPT/T/CP/oscillation and DCKM
parameters coming from the toy Monte Carlo fits are also coetpaith the values extracted from the nominal
data fit in figures 25-28 and 30-34, respectively. In all cdseglata values fall into the expected range.

Winter 02 stats — Analysis 1 — Likelihood distribution Winter 02 stats — Analysis 2 — Likelihood distribution
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Figure 20: Likelihood distribution from toy Monte Carlo eximents (Analysis 1 and 2). The arrow shows the
value obtained from the nominal data fit. The number of expenits with likelihood value smaller and greater
than the data is quoted. The probability that the toy MontddCexperiments are less likely (larger negative
log-likelihood) than the data is evaluated to be 51% forsiall and 49% for analysis 2.
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Figure 21: The residual and Gaussian error distributionghi® oscillation/CPT/T/CP parameters coming from
the Analysis 1 of toy Monte Carlo experiments. In the erratriliution indicated are the RMS of the resid-
ual distribution (red arrow) and the values of the Gaussiaor €blue arrow) and quadratic average of the
asymmetric errors (green arrow) extracted from the data fit.
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Figure 22: The residual and Gaussian error distributionghi® oscillation/CPT/T/CP parameters coming from
the Analysis 2 of toy Monte Carlo experiments. In the erratriliution indicated are the RMS of the resid-
ual distribution (red arrow) and the values of the Gaussiaor €blue arrow) and quadratic average of the
asymmetric errors (green arrow) extracted from the data fit.
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The residual and Gaussian error distributiomsttfie DCKM free parameters coming from the
Analysis 1 of toy Monte Carlo experiments. In the error disttion indicated are the RMS of the residual
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Figure 24: The residual and Gaussian error distributiomstfe DCKM free parameters coming from the
Analysis 2 of toy Monte Carlo experiments. In the error disttion indicated are the RMS of the residual
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Figure 25: Distribution of the correlation coefficients argdhe physical and DCKM parameters coming from
the Analysis 1 of toy Monte Carlo experiments. The valuesasponding to the nominal data fit (red arrow)
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Figure 26: Distribution of the correlation coefficients argdhe physical and DCKM parameters coming from
the Analysis 1 of toy Monte Carlo experiments. The valuesasponding to the nominal data fit (red arrow)
are indicated (con't).
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Figure 27: Distribution of the correlation coefficients argdhe physical and DCKM parameters coming from
the Analysis 2 of toy Monte Carlo experiments. The valuesasponding to the nominal data fit (red arrow)
are indicated.
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Figure 28: Distribution of the correlation coefficients argdhe physical and DCKM parameters coming from
the Analysis 2 of toy Monte Carlo experiments. The valuesasponding to the nominal data fit (red arrow)
are indicated (con't).
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Figure 29: Distribution of the correlation coefficients argdhe physical and DCKM parameters coming from
the Analysis 2 of toy Monte Carlo experiments. The valuesasponding to the nominal data fit (red arrow)
are indicated (con't).
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Figure 30: Scatter distributions among the physical and BiGiarameters coming from the Analysis 1 of toy
Monte Carlo experiments. The values corresponding to thamel data fit (red arrow) are indicated.
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Figure 31: Scatter distributions among the physical and BiGiarameters coming from the Analysis 1 of toy
Monte Carlo experiments. The values corresponding to thamed data fit (red arrow) are indicated (con't).
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Figure 32: Scatter distributions among the physical and BiGiarameters coming from the Analysis 2 of toy
Monte Carlo experiments. The values corresponding to thamel data fit (red arrow) are indicated.
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Figure 34: Scatter distributions among the physical and BiGiarameters coming from the Analysis 2 of toy
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7.7 Unblind results

Here we will include the results after unblinding (tablesd distributions and asymmetries).

8 Cross-checks

We have performed several checks, on both data and Monte,@&the consistency of the measurements.
They are reported in the following subsections.

8.1 AverageB? lifetime results

In the nominal fit the average® lifetime is fixed to the PDG2000 [22] valueg = 1.548+0.034. The fiton
data was redone but now fitting also figy. The results for Analysis 1 and Analysis 2, compared to thainal
fits, are shown in tables 29 and 30, for tB&resolution model. The corresponding results for@sp model
are in tables 31 and 325 is unblinded.

Parameter Nominal fit | 15 free
T — 1.515+0.022
Am 0.52204+0.0098 0.528+0.011
AT/T | (—0.8+4.9)-102 | (~0.4+5.5)-10°2
la/p| 0.94640.018 0.946+0.018
IR?E‘P 0.6124+0.085 0.619+0.086

Table 29: Analysis 1 results with tig? lifetime free. For comparison, nominal fit results are régoas well.

GG resolution model.

Parameter Nominal fit | 15 free
T — 1.517+0.022
Am 0.523+0.010 0.528+0.011
AT /T (—2.1i4.8)-10‘2 (—1.7j:5.4)-10‘2
la/p| 0.94540.018 0.945+0.018
IR?E\P 0.620+0.083 0.626+0.083
T)\e;‘ngez (—6.4+4.6)-102 | (-7.3+4.4).10°?
Imz —0.918+£0.034 —0.917+0.035

Table 30: Analysis 2 results with tig? lifetime free. For comparison, nominal fit results are régoas well.

GG model resolution model.

8.2 Bcpyo and Bepyo separately

We performed the nominal fit separately for Bk andB.pgo samples only. Results are summarized in

tables 33 and 34, and they are compared to the nominal fitéyfalysis 1 and 2 respectively.
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Parameter Nominal fit | 1 free
T — 1.528+0.020
Am 0.5195+ 0.0097 0.523+0.010
AT/T | (~0.3+53)-102 | (0.245.8) 102
la/p| 0.946+0.018 0.946+0.018
I‘Té‘gr’ 0.614+0.085 0.618+0.085

Table 31: Analysis 1 results with thg° lifetime free. For comparison, the fits with the lifetime fikare

reported as wellGExpresolution model.

Parameter Nominal fit | 15 free
T — 1.530+0.020
Am 0.521+0.010 0.524+0.011
AT/T | (-2.0£51)-1072 | (—-1.7+5.6)-1072
la/p| 0.944+0.018 0.945+0.018
'r;ggf 0.62240.082 0.626+0.082
ePRez | (~5.7+4.6)-107% | (~6.3+4.6)-1072
Imz —0.919+0.034 —0.919+0.034

Table 32: Analysis 2 results with thg° lifetime free. For comparison, the fits with the lifetime fikare

reported as wellGExpresolution model.

Parametei all CP (nominal) | Bgpgesample | Beposample
Am 0.5220+0.0098 0.5219+0.0098 0.5238+0.0098
AT/)T | (-0.844.9)-102 | (-0.7£5.3)-1072 | (—2.1+7.4)-10°2
la/p]| 0.946+0.018 0.949+0.018 0.946+0.019
I&é?f 0.612+0.085 0.6154-0.096 0.59+0.19

Table 33: Comparison of analysis 1 nominal fit, with the fLIH,BCPKg andBCPKE samples. The blinding string

of the results is the same for all the columns.

Parametetj all CP (nominal) ‘

Bcpiosample

Bepresample

Am 0.523+0.010 0.5220+0.0100 0.524+0.010
AT)T | (-21+48)-102 | (-1.8£55)-102 | (—-3.0+£6.9)-10°2
la/p]| 0.945+0.018 0.948+0.018 0.946+0.019

'lfgéglp 0.620+0.083 0.645+ 0.091 0.514+0.20

Fffénga (—6.4+4.6)-102 | (-8.6+4.9)-102 | (—6.846.8)-10°2

Imz —0.9184+0.034 —0.910+0.035 —0.9124-0.036

Table 34: Comparison of analysis 2 nominal fit, with the fLIH,BCPKg andBCPKE samples. The blinding string
of the results is the same for all the columns.

Analysis 1 fits withAl' /" and| q/p | fixed to 0 and 1 (sinf2 only fits), respectively, were also performed,
for all Bcp modes together as well as fB(:ng andBcng separately. The results can be found in table 35. The
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Amand '|’“"C|P results should be compared to those of table 33. Let us retharkhe fact that the blinding is in

this case the same as for the Analysis 1 and 2 fits but this dmiasmblind the actual fitted values of the other
parameters since the correlation among these parametmslk

Parameteq sin2B full CP sample‘ sin 2B Bepig sample‘ sin 2B B.pyo Sample

Am 0.52204+0.0098 0.5219+4+0.0098 0.52384+0.0098
'[Ré‘gf 0.613+£0.085 0.616=+0.096 0.59+0.19

Table 35: Comparison of siff2only fits (analysis 1 witiAl' /I and| g/ p | fixed to 0 and 1), using the full CP,

ImAcp H
Bepre andBgpyo samples. erl results are here blinded.

8.3 B°B° shape only fit

The normalization of the PDF (section 2) is performed fomaiked/unmixedB®/B° events together, but
separately for th®gay, BCPKg and BCPKB samples. As a cross-check, the fit was also performed naimgli

separately foB? andB° events. Taking out this constraint implies to perform a fitie B°B° At shape only
fit, being therefore insensitive to the total numberB8f B° events. The results are reported in table 36, for
Analysis 1 and Analysis 2 respectively (to be compared vaitheis 17 and 21). Let us note the larger statistical

error on Reﬁ‘gf and| gq/p|. The results are compatible within the statistical diffexes.

8.4 Results per tagging category

The fit has also been performed for each tagging categoryatepa In these fits the resolution function
and mistags are extracted as in the nominal fit but now theigghypsrameters are allowed to be different for
each tagging category. However, allowing 6 independensiphyparameters for each category increase very
significantly the total number of parameters, reducing dimistness and stability of the fit. To overcome this
problem,Am and "’R"Clp were fitted for all tagging categories together (as in theinahfit), and onlyAl' /T,
|a/p |, Rezand Inz were allowed to float for each category. The results from¢heck are shown in table 37,
for Analysis 1 and Analysis 2 respectively. In the case ofl§sia 2 they are also shown separately Béerg

andBcpyo. The results are in all cases compatible within statistics.

Parameter Analysis 1 | Analysis 2
Am 0.52204-0.0098 0.52154-0.0098
AT/r | (~0.8+4.9)-102 | (~0.9+5.1)-10°2
la/p| 0.938+ 0.024 0.938+ 0.024
IRQE‘P 0.610+£0.085 0.626+0.083
Fffégf Rez — —0.110+0.054
Imz — —0.9164+0.034

Table 36: Only shape fits. See text for explanation. Thesdtsasiust be compared to those of tables 17 and
21.
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Parameter ‘ Analysis 1 ‘ Analysis 2 all CP ‘ Analysis 2Bcpye sample| Analysis 2Bgp 0 sample

Am 0.5208+ 0.0098 0.522+0.010 0.521340.0100 0.524+0.010
AT /T (Lepton) 0.16340.079 0.1544-0.082 0.14040.091 0.14+0.11
AT /T (Kaon) (—0.6+£7.0)-1072 | (—2.8+7.4)-10°2 (—4.2+9.0)-10°2 —0.00+£0.12
AT /T (NT1) —0.154+0.10 —-0.14+0.11 —-0.10+0.12 —0.07+0.16
AT /T (NT2) —0.07+£0.10 | (—7.2£9.9)-10°2 —-0.05+0.12 —-0.11+0.12
|9/p| (Lepton) 0.969+ 0.029 0.971+0.029 0.974+0.030 0.969+ 0.030
|a/p| (Kaon) 0.95640.022 0.9534+0.021 0.95640.022 0.95640.022
|g/p| (NT1) 0.920-+ 0.040 0.920+0.040 0.924+0.040 0.920-+ 0.040
la/p| (NT2) 0.92040.033 0.91740.033 0.91840.034 0.92140.033
'rgégf 0.592+ 0.082 0.617+0.079 0.650-+ 0.086 0.4440.20
'T)\eénga(Lepton) — (—6.6+6.5)-1072 (~7.3+£6.5)-10°? (—8.4+98)-10°?
T@nga(Kaon) — (-7.8+7.1)-10°2 (—9.5+7.8)-10°2 —-0.07+£0.12
FffégrRez(Nn) — —0.09+0.12 —-0.14+0.13 —0.02+0.18
Ff;gglp Rez(NT2) — —0.04+0.15 —0.05+0.17 —0.06+0.19
Imz(Lepton) — —0.940+0.038 —0.929+0.039 —0.931+0.040
Imz(Kaon) — —0.84640.056 —0.8344-0.058 —0.8364-0.058
Imz(NT1) — —0.910+0.068 —0.906+0.070 —0.900+0.069
Imz(NT2) — —0.82540.066 —0.8184-0.069 —0.81440.070

Table 37: Results per tagging categdBiresolution model was used.

8.5 At and ox; cuts variation

Likelihood fits were performed for different values of theando,; cuts. The chosent cut values were
5,10,15,20 ps (20 is the nominal one). The set of cuts takenoferwere 06,1.0,1.4,1.8,2.2 ps (1.4 is the
nominal). In the first case, finite normalization, accordimgquation (104), was used instead of the asymptotic
one used in the nominal fit. The stability of the results coregdo the nominal cuts is shown in figures 35 and
36.

8.6 Results from standard full Monte Carlo

The nominal fits were performed on the high statistics stahifonte Carlo (exclusive and inclusive char-
monium), described in section 3. The fit results correspandd Analysis 2 are given in tables 38 and 39,
for the GG and GExpresolution models. Table 40 summarizes the Analysis 2 teérdstricted to physical
parameters) obtained from the exclusive and inclusiversbaium samples, aBcp or Bopyg andBgpyo only
separately. Th&g5, peaking background in these fits was assumed to be O.Bg,t;@ peaking background
in the exclusive sample was taken also 0, and 1.5% in thesivelwne. The nodAy background components
in the JWK? sample were taken 0. The fit projections (global fit with alihpées) onto theit axis and the
corresponding normalized residuals (defined as the difteréetween the data and the fit projection), for each
standard Monte Carlo (inclusive charmonium) sample abgimggcategory separately are shown in figures 37,
38 Bflav), 39 (Bcng) and 40 BCPKE)- Let us note that for this check we did not keep the relatigetfons of
Bflav, Bcpig @ndBepyo events as observed in the data but we just put together themmiaxavailable standard
Monte Carlo statistics.
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Figure 35: Stability of the fitted physical parameters fromafysis 1 and 2 against ti& cut. The variation
with respect to the nominal configuration is shown.
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Figure 36: Stability of the fitted physical parameters fromafysis 1 and 2 against tlmy cut. The variation
with respect to the nominal configuration is shown.
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Table 38: Analysis 2 result$3G resolution model for the standard full Monte Carlo sampbkelgsive and

inclusive charmonium).

Parameter

| excl. charmonium | incl. charmonium all CP

Am 0.4792+0.0051 0.4785+ 0.0061
ATJT (-1.7+13)-10°2 (3.6+3.0)-10°?
la/p| 1.007+0.010 1.009+0.012
""A“égr 0.715+0.017 0.679+0.048

Ff;‘ggr Rez (—0.4+1.4)-10°2 (—0.1+3.4)-10°2
Imz (—0.3+1.7)-10°2 (—0.8+21)-10°2
oy ~051+0.69 ~0.81+0.82
flavl
M flay ~0.12+0.71 ~0.29+0.87
Aflavl
e ~0.19+0.63 —0.244+091

tag|
'l";f;;‘-‘ —0.224+064 —0.284+0.95
Sore 1.308+0.027 1.309+0.041
i hion —0.152+0.031 —0.15240.044
dlaon -0.3234+0.019 —0.35840.026
oNTL —0.16640.040 —0.233+0.055
aNI2 —0.2724+0.028 —0.32240.039
frail (1.98+£0.62)-102 (21+1.3)-10°2
Sail 6.4+1.0 53+14
Sai —1.434+057 -151+0.84
foutlier (1.83+0.87)-10°3 (234+1.1)-10°3
wPren (5.94+1.3)-102 (5.7+1.4)-10°2
wgaon (5.4+1.1)-10°2 (6.1+£1.2)-10°2
whTL 0.169+0.022 0.1560.024
wyT2 0.35240.020 0.36540.022

Wb (0.7+£2.4)-10°2 (1.3+26)-10°2
waon, 0.181+0.018 0.167+0.019
w’gﬁe (3.8+3.7)-10°2 (7.2+4.1)-10°2
wggge (0.3+3.0)-10°2 (-1.2+3.3)-10°2

Awfepton (46+85)-10°3 (1.7+93)-10°3

Awkaon (—2.204£059)-102 | (—2.08+0.69)-1072

AWNTL (1.3+1.2)-10°2 (1.84+15)-10°?

AWNT? (—2.84+0.86)-102 (—3.7+1.2)-10°2

Tepton

GERem | oumsoms | oseosomss
fmeB”av b 33+ 0412 6 33+ 0.12
f?“r%nptnyIav 0 é33i 04090 0 ?;34j: 0.089
promptBfay ) : : :
Shack 1.76+0.12 1.76+0.11
Bpack —0.1044-0.062 (—9.6+6.1)-10°2
fhackoutlier (6.3+5.6)-10°° (6.3+£5.6)-10°°

W brom o (0.0+5.3)-10°* (0.0+5.3)-1074

\Néf’é’i?)mm (0.0+4.5)-10* (0.0+4.6)-10*
B pfompt 0.09+0.15 0.08+0.15

6, romr 0.174+0.12 0.17+0.12

oo prompt 0.288+0.069 0.28740.069

of"fci”mpmmpt 0.42240.040 0.42340.040

Bagn- prompt 0.420+0.083 0.41840.083

Bon- prompt 0.496+0.057 0.49540.057

Tnon- prompt 1.568+0.096 1.573+0.096
fpmmmBCpKg 0.200+0.094 0.31+0.13

Tnon- prompt& 0 2.60+0.31 1.92+0.29
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Table 39: Analysis 2 result&Expresolution model for the standard full Monte Carlo sampieiigsive and

inclusive charmonium).

Parameter [ excl. charmonium | incl. charmonium
Am 0.4789+ 0.0051 0.4773+0.0062
AT /T (-1.3+1.3)-10°2 (43+32)-10°2
la/p] 1.0066+ 0.0100 1.009+0.012
'l’;‘égf 0.7134+0.017 0.679+0.048
Fl*;‘zgf Rez (—0.2+1.4)-10°2 (0.1+3.6)-10°2
Imz (—0.8+17)-10°2 (—0.9+20)-102
ey —0.77+0.68 ~0.87+0.82
ITT%V ~0.20+0.71 ~0.32+0.86
e ~0.2640.63 ~0.124091
tag|
'TZ?;Zf —0.15+0.64 ~0.12+0.95
S 1.213+0.028 1.219+0.043
gepton 1.06+0.38 0.62+0.68
tkaon 1.18+0.14 1144017
T 0.83+0.54 0.82+0.50
T2 0.58+0.22 0.374+0.25
flomon 0.166:+ 0.069 0274031
fkaon 0.30640.038 0.35040.055
Tl 0.22+0.15 0.31+0.20
e 0.50+0.19 0.91+0.62
foutlier (4.87+0.76)-10°3 (4.174+0.99)-10°3
wSPren (6.0+1.3)-102 (5.6+1.4).102
wieon (5.6+1.1)-10°? (6.24+1.2)-10°?
wh Tt 0.169+0.022 0.15540.024
whT2 0.352+0.020 0.364+0.022
Wb (0.9+2.4).102 (1.7+2.6)-102
wkaon, 0.176+0.018 0.166+0.019
wgg?e (41+37)-10°2 (7.6+4.1)-10°2
wggge (0.6+3.0)-10°2 (-0.943.3)-10°2
Awepton (4.4+85)-10°3 (1.6+93)-10°3
Awkaon (—2.19+0.59)-102 | (—2.09+0.70)-102
AWNTL (1.34+1.2)-10°? (1.84+15)-10°?
AWNT? (—2.82+0.86)-102 | (-3.741.2)-10°72
By 0.38+0.12 0.38+0.12
e otB 1oy 0.321+0.059 0.326+0.057
f oM ptByiay 0.32+0.12 0.33+0.12
foromptB 1y 0.325+0.093 0.326+0.091
Spack 1.734+0.12 1734011
Tr back 5.0000+ 0.0085 5.000+0.010
fhackoutlier (0.0+11)-10* (0.0+11)-10*
W bron (0.0£52)-1074 (0.0£53)-1074
o?%?rgmpt (0.0+4.3)-10* (0.0+45)-10*
W prompt 0.08+0.17 0.08+0.16
wg{ﬁsomm 0.17+0.12 0.17+0.12
Wy ompt 0.276:£0.068 0.275:+0.067
WERSR rompt 0.419+0.040 0.423+0.039
Dnon- prompt 0.421+0.085 0.42240.085
D man- prompt 0.49340.059 0.49240.058
Tron- prompt 1.521+0.085 1.539+0.085
f,,,omptBCPKg 0.19140.096 0.31+0.13
Tron- prompte o 2524031 1.91+0.28
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Figure 37:At projections of the nominal fit (Analysis 2) for tigg 5, Standard Monte Carlo sample: (a) mixed
B° tagged, (b) mixe®° tagged, (c) unmixe&° tagged and (d) unmixeB® tagged GG model), for each tagging
category.
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Figure 38: Normalized residuals of tlié projections of the nominal fit (Analysis 2) for tH#x,, standard
Monte Carlo sample: (a) mixeB° tagged, (b) mixed® tagged, (c) unmixed®® tagged and (d) unmixeB®
tagged GG model), for each tagging category.
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Figure 39: At projections and normalized residuals of the nominal fit (fsia 2) for theBCPKg standard
inclusive Monte Carlo sample: (a)(Bf tagged, (b)(dB° tagged GG model), for each tagging category.

85



N
o

o
——— T

%) 1%} 1%} %)
o r o r o o
0 40 BObar,| Catl Lo r BObar, Cat2 o) BO,|Catl o) B0, Cat2
s | S100 [ S o100 ¢ i
= r I~ - = I~ H
L30F o o 940 a
c r c 75 F c c
o r o F o )
320 o _ | o >
r 50 |-

=
o
E

o

%) 0 0
o o a
1030 [ 10 40 | 10
St SN e |
a L B a0 | %)
= [ < 30 = 20 |
) 20| )

=
o
T
Juny
o
—

0 :-10 <0 t (So) ol oL
€Y (b)
: Wwjﬂ*ﬂ*ﬁwﬂw : Hﬂ+*ﬂﬂﬁmwm oJi il Hﬁﬁﬂm*ﬁw
Rl I LT I it - i
et wEe LR 0 WEeLR W LR
© (d)

Figure 40: At projections and normalized residuals of the nominal fit (fsia 2) for theBcng standard
inclusive Monte Carlo sample: (a)(Bf tagged, (b)(dB° tagged GG model), for each tagging category.

86



Parameteq excl. charmonium‘ incl. charmonium all CP1 incl. charmoniunBepyo ‘ incl. charmoniunBgpy

Am
Ar/T
la/p|

|m)\cp
[Acpl
Re\cpRey
Acpl
Imz

0.479240.0051
(-1.7+1.3)-102
1.007+0.010
0.715+0.017
(—0.4+1.4)-1072
(-0.3+1.7)-10°2

0.4785+ 0.0061
(3.64+3.0)-10°2
1.009+0.012

0.679+0.048
(-0.1+3.4)-1072
(-0.8+2.1)-102

0.4789+0.0061
(-1.2+3.5)-102
1.014+0.012
0.703+0.057
(-1.0+£3.8)-1072
(0.0+2.2)-102

0.4791+ 0.0065
(9.7+3.8)-10°2
1.009+0.012

0.61440.090
(3.9+4.0)-1072
(-1.4+23)-102

Table 40: Analysis 2 results, limited to physics paramet@s resolution model for the standard full Monte
Carlo sample, with exclusive, inclusive charmonium withlbGP samplesBcpye andBcpyo samples.

8.7 Asymmetries from standard full standard Monte Carlo

All possible CPT/CP/T asymmetries for the standard MontdaC@nclusive charmonium) sample have
been constructed, for each tagging category separatelipaati categories together (see reference [11] -which
follows the discussion in [13]- for details):

e the mixing asymmetry (figure 41),

Auiing (A1) = th’agB?lav(At) *+Nap 0, (B — Neg. g (A0 = Ngo 5o (A1) a0
B0, B, (B0 +Neg go (A1) +Nep go (At +Ngo 5o (A1)
proportional t%;
e the T flavor asymmetry (Kabir asymmetry) (figure 42),
At flav(At) = EB?agB?lav(At) - NBtoagE(f)lav (A1) 131
B0,89,,,(80) + Neo g0 (A1)

primarily proportional to %W and independent dit. In the limit Al = 0 this asymmetry vanishes;

e the CPT flavor asymmetry (figure 43),

No o (A)—N_ o (At)
Btanglav BtangIav
AcpTflav(At) = (132)
NEtoagB?lav(At) + NBtoagE(f)lav (At)

Kezsinh(ArAt/2)+Imzsin(AmAt)
“  coshArAt/2)+cogAmAt)

primarily proportional to , S0 it vanishes foAl'=0 since it is linear in botAl’

andz

e the CP asymmetries (figures 44 and 45),

g (At) — NBthchp " (At)
ACRBpg (A1) = BtagBCPKg(At)+N§[oagBCPKg(At)
At) — At
Acpe (A1) = BtagBCPKEEN; +EagBCPKEEAt; (133)
BtagBCpKE BtagBCPKE



which has contributions from CP/T-violating (odl dependence) and CP/CPT-violating (e mepen-
dence) terms, independent&if. The asymmetry also containts correction terms which aspgational

to Al', but cannot introduce fake effects since those terms aleatame time proportional to CP/T and
CP/CPT-violating terms;

e the non-genuirfeT asymmetriest asymmetries) (figures 46, 47, 48 and 49),

An g o0 B (At) = PragScrig (&) - NEthgBCPKg (—At)
K BB (At) + NBthgBCPKg (—A)
P =
Eeprg’ NB?achp p (At) + NB?achng(_ A
Ang, 0Bt = NE&QBCPKE &) NE‘LQBCPKE(—N)
K Ngf’agacp y (At) NEthchng(_At)

Anp. opo(At) = BBemo (A1) — Negg 0 (A1) -
Pepid NBPagBCPKE (At) + NBPagBCPKE (—At)

which has contributions from CP/T and CP/CPT violating teas well ad\l" terms which do not depend
on CP/T and CP/CPT violating parameters and therefore amemgial source of fake effects. In the
limit Ar=0 this asymmetry equals to the genuine T asymmetry;

¢ the genuine T asymmetry (figure 50),

(At) NB?agBCPKg (At) BtachPKE ( At) (135)
AT =
BPachng (At) + I \I—(B[a) gBCPK1(_) (_At)

which includes CP/T and CP/CPT violating term$. correction terms are also proportional to CP/T and
CP/CPT violating parameters &b # 0 cannot introduce fake effects. In the lidAit = 0 the asymmetry
is primarily proportional to CP/T violation (odd ift);

e the non-genuine CPT asymmetries fERAsymmetries) (figures 51 and 52),

Ac () ehuPong A1)~ NE?&QBCPK% (80
PAtB_ o =
CPKS BtoagBCPKg (At) + NEthgBCng (_At)
Ay = e B~ g Y 136
Acpnitgy (A1) = (A)+No - (—AY) (136)

which has, similarly to the non-genuine T asymmetries, rimmions from CP/T and CP/CPT violating
terms as well a&l’ terms which do not depend on CP/T and CP/CPT parametersharefdre are a
potencial source of fake effects. In the limit =0 this asymmetry equals to the genuine CPT asymmetry;

4By non-genuine asymmetries we mean asymmetries which dovadte processes conected by any fundamental discretmeym
try but that in the limitAr=0 they turn out to be equivalent to the genuine case, i.eashimmetries defined with the processes related
by that fundamental symmetry [13].
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e the genuine CPT asymmetries (figures 53 and 54),

BaBoprg (at) — BEgBopi (—At)
BtagBCPKg BlagBCPKE
NBthQBCPKg (At) B NEthgBCPKE (_At)
Acprpo(lt) = (137)
: N o (O)+Np o (A0
Brag CPKg Brag cpi?

which also contains CP/T and CP/CPT violation terms butimegrily even inAt and mainly proportional
to Rez. To leading order, this asymmetry hasAio terms. A non-vanishing value of Revill genuinely
manifest in this asymmetry.
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Figure 41: The mixing asymmetAixing(At) as defined in equation (130) for each tagging category @it
all categories together (right), for standard Monte Carlol¢sive charmonium).
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Figure 46: The non-genuine T asymme@rZy,BCP ».50 (At) as defined in equation (134) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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Figure 47: The non-genuine T asymme@rMBCPKg’Bo (At) as defined in equation (134) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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Figure 48: The non-genuine T asymme@WBCPKEBo (At) as defined in equation (134) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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Figure 49: The non-genuine T asymme@qy’BCPKEBo (At) as defined in equation (134) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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Figure 50: The genuine T asymmethy (At) as defined in equation (135) for each tagging category i)
all categories together (right), for standard Monte Carlol(sive charmonium).
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Figure 51: The non-genuine CPT asymme@QpALBCPKg(At) as defined in equation (136) for each tagging
category (left) and all categories together (right), fanstard Monte Carlo (inclusive charmonium).
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Figure 52: The non-genuine CPT asymme@mam,BCPKE (At) as defined in equation (136) for each tagging
category (left) and all categories together (right), fanstard Monte Carlo (inclusive charmonium).
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Figure 53: The genuine CPT asymmefypr0(At) as defined in equation (137) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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Figure 54. The genuine CPT asymmefyprgo(At) as defined in equation (137) for each tagging category
(left) and all categories together (right), for standardritéoCarlo (inclusive charmonium).
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8.8 Results from dedicated full Monte Carlo

The nominal fits were also performed on the high statisticBodéed Monte Carlo described in section 3.
As in the case of the standard Monte Carlo sample, we did rey kee relative fractions dfjay, Bopko and
Bepko events as observed in the data but we just used all the aleadédtistics. Fits to Monte Carlo truth
(perfect resolution, perfect tag) were first applied in orecheck the correctness of the truth values in this
dedicated Monte Carlo production. The results of these M@ tiits are given in table 41.

Parameter Fit result
T8 1.54240.005
Am 0.47484+0.0018
AT /T 0.205+ 0.008
lq/p| 1.033+0.004
ImAcp 0.681-+ 0.009

[Ace|
Fffgglp Rez | —0.00340.006
Imz 0.005+ 0.005

Table 41: Results from maximum likelihood fits to the MC trutformation (perfect resolution, perfect tag) in
the dedicated full Monte Carlo prodution.

The fit results corresponding to Analysis 1 and Analysis 2 tie GG and GExpresolution models, are
given in tables 42—-45. All peaking backgrounds in these fésvassumed zero.

8.9 Results from reweighted dedicated full Monte Carlo

The dedicated full Monte Carlo was also used to “generateipéas with CPT violationZ# 0) and DCKM
effects Qiag, Atag: Atlav: A flav 7 0). This was done using reweighting techniques.

8.9.1 Strategy

The reweighting of the dedicated Monte Carlo events is peréal using the truth values @t and the
flavors of the twoB mesons in the event. The flavor of the B mesons allows us taifjathe B,y and

Bcp events according to 4 categories eadBl,{ BY,,,. ang BY\av: Biag Bl lav andﬁtoag BY,,) and B2 Ncp =

—1,§[Oag Nep = —1, B[Oag Ncp = +1,E[Oag Nce = +1), respectively. For each event class, we then calculate th
ratio of the new and original (standard events) PDF's. WHding this, special attention must be put to the
fact that the new physics parameters change the time-atetyrates. As with this technique we only want
to change the physics but not the detector effects, the twe'PEntering into the ratio must use a common
normalization, i.e. the new PDF must not be renormalizeti thie new physics parameter values. In this way,
the change in the number of events in each event categorya$/milue to physics. Figure 55 shows the PDF
ratios (new/original), corresponding to the physics patams of the CPT reweighted configuration given in
table 46.

97



Parameter B fit results GG model) Parameter [ BY fit results GG model)

Am 0.4812+ 0.0047 M fiav
e —0.42+0.50
AT /T 0.182+0.015 tal
la/p| 1.0398+ 0.0091 Tl —0.68+0.52
'[Ri‘gf 0.703+0.021 'R)“alg 0.14+ 0.49
ta
Seore 1.197+0.044 IMhrag 051 0.52
e —0.131+0.040 e
glkaon —0.293+0.027 foromptBiiay 0.402+0.074
NTI 0.172+0.048 F o ptB ey 0.368+0.044
T2 —0.243+0.035 Dl omptB ey 0.35140.084
frail (8.6+27)-10°2 ALEN 0.510+0.058
Sail 3.22+0.32 Shack 1.89840.089
Otail —1.44+0.36 Bpack —0.246+0.054
fogﬂtig:] (2.00+0.65)-10°2 fhackoutlier (4.2+5.7)-10°3
wo P (52+1.1)-10°2 Wy Prom ot (0.00+0.24)-10°3
x\vfﬁa:: (6~(3;72ﬂ5 gfg)d 218‘2 mﬁg,f}%g,mpt (0.00+0.81)-10°3
0 : : L o 0.05+0.11
wh T2 0.343+0.017 72
epton 0.8+2.0)-10°2 epton ™™ 0.2704-0.053
slope (0. 0) \I\)0 r?om prompt 0.402+0.061
wigon, 0.162:+0.015 200 0444 0.034
WATL 1.3+33)-10°2 R prome! ' '
Veioge ((_ oaes 102 Wngn-promp 0.484+0.066
v\jleopegn . . 5 W0, non- prompt 0.59240.052
AwKeoN | (-1.39+0.52)- 1072
AWNTL (0.7+11)-10°2 foromptecog 0295015
AWNT2 | (~2.02+0.85) 102 Tnon-promptBp,g 1.99+0.38

Table 42: Results from dedicated full Monte Carlo, Analyisiit, GG resolution function.

8.9.2 Results from Monte Carlo truth fits

Fits to Monte Carlo truth (perfect resolution, perfect taggre first applied in order to check that the

—  IMAag M) —
generated values are correct. In the case of the DCKM revegigtampleriag, frag, T’Ta‘:lg lmT;‘f I flavs Fflavs

IMAfjav d ImXflav

] o] were fixed to the generated values. The results of theseditgiaen in table 47.

8.9.3 Results from nominal fits

The fit results corresponding to the Analysis 2 fits from thd @&veighted samples, for tl&G andGExp
resolution models, are given in tables 48 and 49. Tables 8Garshow the fit results, again for Analysis 2
and 1 respectively, from the DCKM reweighted samples. Ircadles the fitted values are consistent with the
generated ones.
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Parameter B fit results GG model)

Am 0.4812+0.0047 Parameter | B fit results GG model)
AT /T 0.182+0.015 A 12
—0.454+0.59
la/p| 1.0397+ 0.0091 [ta]
image 0.703+0.021 ol —0.650.60
RocPRez (04+15).10°2 'r;fa‘jg 0.1040.62
Imz (—0.3+1.6)-10°? IMAtag 0.54-+0.63
Seore 1.197+0.044 el
core —0.131+0.040 Fpromp8 e, 04020074
glaon —0.292+0.027 "prompte e, 0.368+0.044
3NTL —0.172+0.048 prr$r; PtBfiay 0.351+0.084
oNT2 —0.243+0.035 foromptBiiay 0.510+0.058
feai (864+27)-10°2 Svack 1.8984-0.089
Sai 3.2240.32 Sback —0.246+ 0.054
Stai ~1.44+0.36 foackoutlier (42+5.7)-10°3
foutlier (1.9940.65)-10°3 W Brom o (0.0040.24)-10°3
wisPren (5.24+1.1)-10°2 Kt (0.00+0.81)-10°3
wgaon (6.374+0.94)- 1072 D f?rlompt 0.05+0.11
whT? 0.203+0.020 NEz 0.270+0.053
WgTZ 0.343+0.017 Oeptbpn P . 0.402-+0.061
epton ,NnoN—prompt ° :
Wiiope (08+20)-10°2 Kaon  rompt 0.444+0.034
\Ngl%one 0.1624+0.015 WI\iTl 0.4844+ 0.066
wilTE 13+33)-10°2 N3 PP 5920,
Slope (13+33) 10 W2 omt 0.592+0.052
Awerton (-4.8+7.1)-10°3 ForompiBg, g 0.29+0.15
Awkaon (—1.394+0.52) - 102 s 1.994+0.38
AWNT? (0.7+1.1)-10°2 fron-promptBepyg : :
AWNT? (—2.02+0.85) 102

Table 43: Results from dedicated full Monte Carlo, Analyiit, GG resolution function.

8.10 Alternative tagging configuration

The nominal fits were also performed using the Moriond Tad@@}; for data and the standard full Monte
Carlo (inclusive charmonium). The results and the comparie the default Elba Tagger are summarized in
tables 52, 53, 54, 55, 56 and 57.

8.11 Alternative vertexing configurations

Tables from 58 to 66 summarize the differences of the reguitthe physics parameters (Analysis 1 and
Analysis 2) for different alternative vertexing configuoais with respect to the nominal configuration. In order
to avoid additional statistical uncertainties from eventsving around only those common to the nominal and
the modified configurations are used. The errors on the diffas are estimated from the quadratic difference
of the statistical Gaussian errors. The configurations are:
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Parameter B fit results GExpmodel)

0 .

Am 0.4782+ 0.0047 Parameter \ B® fit results GExpmodel)
AT /T 0.195+0.015 s —0.50+0.50
la/p| 1.0415+0.0091 M flay 0764052

e 0.707+0.021 Jﬁ&?;!,

S 1.158+0.027 Mgl 0.19+049
Tjepon 1.2840.28 % 0.53+0.52
kaon &
i 1.35+0.11 frepton 0.429+ 0.080

TNT? 1.60+0.33 fﬁg‘;mﬂw 0.3954 0,047

NT2 promptBriay ) )

o 1.024+0.27 o ;
fomon 0.191+40.050 RromptBiiay 0.352:20.090

flaon 0.30040.028 Torompiey 0-554::0.062

1.8244-0.089

FNT1 0.181+0.047 Shack

£NT2 0.320+ 0.086 Trback 2.25+061

P -3 fbackoutlier (3.3+5.2)-10°
fou[“er (234:‘: 067) . 10 epton 3
Jevon (52:11).107 W Brom o (0.00+£0.23)- 10
m%aon (6.36+0.94)-10°2 O’E}sﬁ?’mm (0.0+11)-10°3
whT 0.204+0.019 0 promt 0.05+0.11
WyTZ 0.343+0.017 \Nler%grgom pt 0.264+0.053
wber (1.1£2.0)-102 0.non- prompr 0.42040.069
won, 0.163+0.015 Onon-prompt 0.464:-0.039
Wlegle (13:|: 33) . l(rZ WR[-?CZm_ prompt 0.50540.073
Wi'llge (-03+25)-10°2 W2 omt 0.631+0.063
Awfepton (—56:|: 71) .10°3 Thon-prompt 1.69+0.10
AwkEN | (~1.434052) 1072 Foromptg g 0.34+0.15
AWNT (0.7£11)- 102 Tnon-prom PLBepiQ 2.00£0.40
AWNT2 (—2.05+0.85) - 1072

Table 44: Results from dedicated full Monte Carlo, Analyistit, GExpresolution function.

¢ J/b mass constraint imposed for t@€ vertex (table 58);

e use charmoniumJ(y or Y(29)) vertex for theCP vertex (table 59);
o removeK? mass constraint (table 60);

e removing photons from th€P vertex (table 61);

e do not use the constraints from the beam (table 62);

¢ use only the constraint from the beam spot (table 63);

e remove the/° veto for the tag vertex (table 64);

e use theaverage boost approximatianstead of theveragetg approximationfor theAz — At conversion
[24] (table 65);

e useFvt O ust er instead of the defauBt aSel Fi t [24] (table 66).
Figures 56 and 57 show the same results in a graphical way.
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Parameter B fit results GExpmodel)

Am 0.4782+ 0.0047
i 0.195+ 0.015
la/p| 1.0414+0.0091

e 0.706+0.021
RocrRez (0.34+1.5)-10°2

.

Imz (—0.34+1.6)-1072

S 1.158+ 0.027
PN 1.29+0.28
Traon 1.354+0.11
(LR 1.604+0.33
T2 1.02+0.27
fomon 0.190- 0.050
faon 0.300+0.028

il 0.181+0.047

foe 0.32040.087
foutlier (2.34+0.67)-10°3
wy PO (5.2+11)-10°2
wiaon (6.360.94) - 1072
wh T 0.203+0.019
wh T2 0.343+0.017
wber (1.142.0)-10°2
wen, 0.163+0.015
wh L (1.3+3.3)-10°2
ws.gée (—0.34+25)-102

Awjepton (-5.64+7.1)-10°3
Awkaon (—1.43+0.52)-1072
AWNT? (0.7+£1.1)-10°?
AWNT? (—2.05+0.85)-102
Table 45

Parameter | B fit results GExpmodel)

s —~0.54+0.59
flav|
oty —0.73+0.60
T 0.13+0.62
tag
IMiag 0.57+0.63
f'"‘JtA‘;Eﬁgl 0.429+ 0.080
promptBrjay : :
F Briay 0.39540.047
foromptBriay 0.382+0.090
f ot ptBriay 0.554- 0.062
Sack 1.82340.089
Tr back 2.254+0.59
fhackoutlier (33+5.2)-10°3
W brom o (0.00+£0.23) - 103
| Po e
NEST 0 ée4i 0.053
0,prompt : :
WO ot 0.420+ 0.069
O non-prompt 0.464+0.038
ng:;cl)n— orompt 0.505+ 0.073
W0 non- prompt 0.631+0.063
Tnon-prompt 1.693+0.098
forom PLBGpig 0.34+0.15
Tnon-prom PLBLpy 2.00+0.40

: Results from dedicated full Monte Carlo, Analyai#t, GExpresolution function.
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Parametern Original (dedicated MC) CPT reweighted DCKM reweighted
AT T 0.20 0.20 0.20
lq/p| 1.04 1.04 1.04
';Qégf 0.70 0.70 0.70
Am 0.472 0.472 0.472

ngngez 0.00 0.10 0.00
Imz 0.00 0.02 0.00
tag/Trag 0.00 0.00 0.04
'[‘;Na‘g 0.00 0.00 -1.00

tag
% 0.00 0.00 +1.00

F 1o/ iay 0.00 0.00 0.04

'\TA”T 0.00 0.00 -1.00
flav
"’“A?—lf'| 0.00 0.00 +1.00

Table 46: Physics parameter values of the dedicated andgteied CPT and DCKM full Monte Carlo.

1 ; 275 ; BObar tag B rec | 2.75
0.9 F 25 E 09 F N
0.8 F 225 F 08 E 2.25
007 E o 2k 007 F o,
e 06 F BO tag BO rec ol-75 506 F 5
w05 F w15 F %505 F 5
e E 21.25 F o2 e o1,
0.4 F o 1 E & 04 E o
0.3 F 075 £ 0.3 E 0.75
o2 E o5 b 0z F CP—BOt N
0.1 F 025 F 0.1 F —BUlag 0.25
oY T A B A o e 0 L.l ! ! !
-20  -10 0 10 -20  -10 0 10 -10 -5 0 5 10
true At true At true At
JE 8D tag BOb 1 E 3
275 ;7 ag ar rec 0o 3 } 1.4
25 F Y F E
E E E 1.2
225 F 08 E
o 2 F 007 F o b o |
el 7> E 0 0.6 E BObar tag BObar rec 2 E 208
: S F 5 0.8 ]
E E o E a 0.6
E E 0.6
E E 04 B 0.4
3 E 02 CP+ BO tag 02 CP+ BObar tag
E - E I I | o R MU A S B N O%‘H‘\HH\HH\HH\HH\‘
-20 -10 0 10 -20 -10 0 10 -15 —-10 -5 0 5 10 -15 =10 -5 0 5 10
true At true At true At true At

Figure 55: Reweighting functions fd@: 5y, (left hand) and CP (right hand) events, corresponding tcCiRé
reweighted configuration with parameter values given itetdb.
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Parameter

CPT reweighted. DCKM reweighted

B
Am
AT /T
la/p|

ImAcp
[Acel

Re\cp Rey
[Acpl

Imz

1.541+0.008
0.47554+0.0032
0.193+0.012
1.035+0.007
0.678+0.013
0.106+0.010
0.025+0.007

1.538+0.006
0.47304+0.0022

0.214+0.009

1.03540.005

0.684+0.010
—0.004+0.008
0.005=+0.006

Table 47: Results from maximum likelihood fits to the MC trutformation (perfect resolution, perfect tag) in
the reweighted CPT and DCKM full Monte Carlo.

Parameter B fit results GG model)

Am 0.4840+ 0.0082 Parameter | B fit results GG model)
AT /T 0.172+0.022 iy
—1.03+0.96
la/p| 1.062+0.015 [ta]
imico 0.702+0.032 S ~17£10
CP av
T@gf Rez 0.106+0.023 'r;fa‘jg 0.03+0.98
Tt A = | oo
ore 041+0. Tepton.
o ~0.121+0.071 Fpromp8 e, 0.37+0.13
glaon —0.262+0.048 "prompeya 0.292+0.083
NIl (—6.44+8.7)-102 fprom ptBiiay 0.29440.095
ONT2 —0.291+ 0.059 fOromptB1iay 0.29740.095
frail 0.180-0.065 Shack 1.7240.16
Sail 2.77+0.32 Sback —0.2040.090
foutier (2.05+1.00)-10°° Wy b (0.00+£0.31) - 102
w'c?z;“ (5.3+18)- 1@2 Oé#ggmpt (0.0+£2.2)-10°3
wk (7.0+16)-10" N fﬁrlompt (0.04+1.6)-10°3
wh Tt 0.172+0.033 A pr20m o 0.03+0.20
NT2 0.334::0.028 t
"0 o , - 0.309+0.085
Weiooe (14+33)-10° aon 0.39540.052
n 0,non—prompt : :
Weope 0.14740.026 WHTL 0.502+0.083
ﬁgge (7.0+56)-10°2 WAT2 0.625+0.066
AwePoN | (—0.1£12)-1072 FprompLB oy (0.00+0.73)-10°3
Awkaon (—1.1040.85) - 102 S L 06£0.19
AWNTL (0.141.9)-102 Thon-promptBepyg ' :
AWNT2 (—2.2+1.4)-10°2

Table 48: Results from CPT reweighted full Monte Carlo, Ass@ 2 fit, GG resolution function.
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Parameter B fit results GExpmodel)

Am 0.4790+ 0.0081
Ar/r 0.181+0.022
la/p| 1.065+0.015

e 0.704:+0.032
RocrRez 0.109+0.023
Imz (11+£25)-10°2
S 1.130+ 0.043
PN 1.31+0.44
Traon 1.334+0.16
(LR 1.70+0.40
T2 1.66+0.50
fomon 0.212-+0.082

faon 0.305- 0.042

il 0.167+0.056

foe 0.23740.080
foutlier (22+1.1)-10°3
wisPren (5.4+1.8)-10°2
wigeon (7.0+1.6)-1072
wh T 0.173-+0.033
wh T2 0.333+0.028
wber (1.7+3.3)-10°2
wen, 0.15040.025
wy.gée (7.0+5.6)-10°2
WALER (0.3+4.2)-10°2

Awjepton (—0.24+1.2)-102
Awkaon (—1.20+0.85)- 1072
AWNTY (01+1.8)-10°2
AwWNT2 (—2.24+1.4)-102

Parameter | B fit results GExpmodel)

s ~1.114+0.96
ﬂavl
Ity ~1.8+10
Afiav]
T 0.07+0.97
tag
IQuag ~0.0+10
fepn 0.38+0.14
promptBrjay : .
Feao Bria 0.301+ 0.092
N ptBr1ay 0.32+0.10
f ot ptBriay 0.32+0.10
Sack 1.68+0.17
Tr back 21+18
fhackoutlier (0.00£0.15) - 1073
W brom o (0.00+0.30) - 10°3
of}?"rl?,mpt (0.0£1.6)- 1@2
| O 0
epton ™" ' '
V\)O,nom prompt 0.316+0.092
O%%nm prompt 0.400+0.058
Wf\“,'ilém orompt 0.523-+ 0.093
WO - prompt 0.638+0.074
Thon-—prompt 1.60+0.15
fprompLBCPKg (0.00+£0.78)-10°3
Thon-prom pLBCPKg 1.02+0.20

Table 49: Results from CPT reweighted full Monte Carlo, Ass#éd 2 fit, GExpresolution function.

104



Parameter B fit results GG model)

Am 0.4833+ 0.0057
Ar/r 0.184+0.017
la/p| 1.030+0.011

e 0.700+0.025
RORez | (-0.8418)-10°2
cP

Imz (—4.8+£4.9)-102

Sore 1.169+0.055
e —0.145+ 0.047
dkaon —0.276+0.032
Sore ~0.179+0.056
LS —0.221+0.041

fail (9.843.1)-10°2

Sail 3.28+0.35

Stail —1.35+0.36
foutiier (1.86+£0.77) - 103
s Pron (4.8+15)-10 2
wgaon (6.3+1.3)-10°2
wh Tt 0.188-+0.024
wh T2 0.344-+0.020
aiesd (3.0+£25).102
wiaon, 0.170+0.019
Wiiope (45+4.0)-10°2
Wigpe (=0.5+3.0)-102

Awfepton (-1.3+£9.7)-10°3
Awkaon (-5.0+6.9)-10°3
AwNT? (—0.0+1.4)-10°2
AWNT? (—2.14+1.0)-102

Parameter | B fit results GG model)

s 1624070
flav|
% 1.63+0.71
T —1.25+0.66
tag
[MAiag 2.21+0.66
f'egtx‘%d 0.332+0.093
promptBrjay : J
Feao Bria 0.351+0.053
f ot om ptBiiay 0.32240.090
f ot ptBriay 0.44240.071
Sack 1.89+0.11
Spack —0.298-+ 0.066
fhackoutlier (35+6.8)-10°3
W brom o (0.00+0.35) - 10°3
of}?"rl*c‘,mpt (0.00+0.71) - 10;3
| o
0,prompt . 5
T — 0.392+ 0.069
O non-prompt 0.436+0.039
Wf\“,'ilém orompt 0.454-0.070
WO - prompt 0.752+ 0.059
Thon- prompt 1.70+0.11
forom PBepy 0.51+0.16
Thon-prom PLBLpy 2.40+0.67

Table 50: Results from DCKM reweighted full Monte Carlo, Aysas 2 fit, GG resolution function.
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Parameter B fit results GG model)

Am 0.4833+ 0.0057
AT /T 0.184-0.017
la/p| 1.030+0.011

e 0.702:+0.025

Sore 1.17040.055

o —0.146+0.047
Skare, —0.277+0.032
Nora —0.181+0.056
S —0.222+0.041

fail (9.7+£3.1)-10°2

Sail 3.29+0.35

Aail —1.37+0.37
foutlier (1.8640.77)-10°2
we Po" (43+1.3)-10°2
wgon (5.941.2)-102
wh T 0.185-+0.024
wh T2 0.342+0.021
Wb (3.1£2.5)-10°2
wEr, 0.171+0.019
Wiope (45+4.1)-10°2
Wiigpe (—0.54+3.1)-102

Awfepton (-=3.149.1)-10°3
Awkaon (—6.2+£6.5)-10°3
AWNT! (—0.24+1.4)-10°2
AWNT? (—2.24+1.0)-10°2

Parameter | B fit results GG model)

s 1.01+0.38
flav|
'T;?—ﬁ 0.98+0.39
T —0.65+0.31
tag
[Mhiag 159+0.33
f'egtx‘%d 0.332+0.093
promptBrjay : J
Feao Bria 0.352+ 0.053
f ot om ptBiiay 0.32240.090
f ot ptBriay 0.44240.071
Sack 1.89+0.11
Spack —0.298-+ 0.066
fhackoutlier (35+6.8)-10°3
W brom o (0.00+0.35) - 10°3
of}?"rl*c‘,mpt (0.00+0.71) - 10;3
| o
epton ™" ' '
T — 0.392+ 0.069
O non-prompt 0.436+0.039
Wf\“,'ilém orompt 0.454-0.070
WO - prompt 0.752+ 0.059
Thon- prompt 1.7140.11
forom PBepy 0.51+0.15
Thon-prom PLBLpy 2.40+0.67

Table 51: Results from DCKM reweighted full Monte Carlo, Aysas 1 fit, GG resolution function.
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Parameteﬂ BY fit results GG model)

Am 0.5209-+ 0.0094 Parameter | B fit results GG model)
AT /T (—14+52).10°2 iy
27413
la/p| 0.959+0.018 miﬂv
e 0.655::0.078 Tl —02+14
cp av
RORez | (-8.944.2)-10°2 'r;fa‘jg 20+15
Imz —0.918+0.035 IMAtag _044+15
S 1.270+ 0.054 Arag|
5g§t:1§ (25+7.8)-10°2 f o ptBriay 0.328+0.069
5+7. on
aeatz ~0.301+0.059 FBromptBia 0.647+0.029
aeas —0.323+0.053 fEOmPtBiiay 0.669+0.026
522, ~0.313+0.053 o ptB ay 0.668:+ 0.025
frai (29+1.2)-10°2 Shack 1.390+0.024
Sail 57+1.2 Sback (—3.84+1.7)-1072
foutlier (0.3+£1.4)-10°3 WErompt (0.004+0.35)-10°3
weat (23+22)-10°° Srompt 0.182+0.017
weaR (21425)-10°2 s 0.307+0.014
wg 0.149+0.029 S 0.420+0.014
atd ,
o 0.257::0.030_ g rompt 0.364+0.050
Wég) e (0.0+£4.1)-10° W2 o 0.355::0.029
Wég e 0.145+0.044 A 0.368-+0.026
Wg!.g e 0.106+0.045 S oromp 0.4534+0.026
valoapt(]::‘ (8'0 :l: 4'5) : 10_2 Tnon, prom pt 1.356:l: 0.060
Axatz (0.1+14)-10° , Foromptg g 0.632+0.072
Do (~27+15)-10°2 Tron oromote. 939048
Awe? (—2.3+1.6)-10- i
Awea (—4.0+16)-10°2

Table 52: Analysis 2 fit result&G resolution function, using Moriond tagger.

Parametei Nominal fit (Elba tagger] Moriond Tagger

Am 0.523+0.010 0.5209+ 0.0094
AT /T (—2.1+4.8)-1072 (-14+5.2)-1072
la/p| 0.945+0.018 0.959+0.018
'&‘égf 0.620+0.083 0.655+0.078
Fffénga (—6.4+4.6)-10°2 (—8.9+4.2).10°2
Imz —0.918+0.034 —0.918+0.035

Table 53: Comparison of Analysis 2 fit resul@G resolution function, between the default Elba Tagger and
the Moriond taggetr.
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Parametei Nominal fit (Elba tagger] Moriond Tagger

Am 0.5220+ 0.0098 0.5208+ 0.0093
AT /T (-0.84+4.9)-102 | (—0.6+51)-10°2
la/p| 0.94640.018 0.96040.018

e 0.61240.085 0.6464-0.080

Table 54: Comparison of Analysis 1 fit resul@G resolution function, between the default Elba Tagger and
the Moriond tagger.

Parameter B fit results GG model)

Am 0.48124+0.0059 Parameter | B fit results GG model)
AT /T (2.8+2.8)-1072 Mhiias
lq/p| 1.013+0.012 Prad —0:28=081
Imhce 0.669+-0.046 T ~0.0140.84
cpP av
RORez | (-11432)-10°2 'r;fa‘jg 0.39+0.90
Imz (—0.6+21)- 102 IMAtag 0.03+0.93
S 1.296+ 0.047 Arag|
seatl ~0.121+0.048 Foromptz 0.55+0.12
cal
5ea2 —0.355+0.038 Fprom ptBiiay 0.349+0.077
5eat ~0.349+0.034 S rompBiia 0.465=+ 0.080
acad —0.292+ 0_034; o ptBiiay 0.423+0.079
fai (23+1.7)-10 Shack 1.85+0.11
Sail 49+14 Bback (—8.74+6.1)-1072
Stail —1.79+0.98 foackoutlier (6.846.6)-10°3
fouﬂﬁr (1.29+0.98) - 10;3 wg?%()mpt (0.00+0.27) - 1@2
al
wgatz (35+12)- 107 o‘,"‘péompt (0.00+0.33) - 10;
WG (22+1.4)-10° O,art)rompt (7.8+6.8)-10"
wgas 0.128+0.017 catd 0.265-+ 0.069
wgas 0.262+0.018 ad” P 0.280-+ 0.091
% a 5 0,non—prompt ’ ’
Wég) e (—0.7+2.3)-10 WEZ o 0.375:£0.051
ng»ﬁ e 0.123+0.026 WSS ot 0.475:0.054
ﬁ?ﬁ e 01240026 S orompt 0.472+40.051
Sloapt(]::‘ (5'7:l: 2'7) : 10_ 3 Tnon, prom pt 1.71:‘: 0.14
Awe (-6.5+£87)-10 ForomptBpgo 0.35+0.12
Awear (—1.614+0.86)- 102 s 2 044 0.32
Aweas (—2.6340.94) - 102 Tron-promptBeeyg ' ’
Awe (—3.12+0.98)- 1072

Table 55:; Analysis 2 fit results, for inclusive MGG resolution function, using Moriond tagger.
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Parametei Nominal fit (Elba tagger] Moriond Tagger

Am
AF/F
la/p|

ImAcp

[Acpl

Re\ce ey
[Acpl

Imz

0.4785+ 0.0061
(3.6+3.0)-10°2
1.009+0.012
0.67940.048
(—0.143.4)-10°2
(—0.842.1)-10°2

0.4812+0.0059
(2842.8)-10°2
1.013+0.012
0.669+ 0.046
(-1.1432)-1072
(-0.6+2.1)-1072

Table 56: Comparison of Analysis 2 fit resulG( resolution function, between the default Elba Tagger and

the Moriond tagger, for the standard inclusive Monte Carlo.

Parametei Nominal fit (Elba tagger) Moriond Tagger

Am
AT /T
la/p|

ImAcp
Ace]

0.4784+ 0.0061
(35+3.0)-10°2
1.009+0.012
0.681+0.048

0.4811+ 0.0059
(2.9+2.8)-10°2
1.013+0.012
0.67040.046

Table 57: Comparison of Analysis 1 fit resul@G resolution function, between the default Elba Tagger and

the Moriond tagger, for the standard inclusive Monte Carlo.
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Parameter

Analysis 1

Analysis 2

Am
AF/F
la/p|

ImAcp
[Ace

Re\ce R ey
[Acel

Imz

(0.6+1.2)-10°3

(1.04+17)-10°2
(-0.1+1.2)-10°3

(33+8.2)-10°3

(6.7+£8.9)-10%
(0.841.8)-102
(-0.1+1.0)-10°3
(394791073
(0.1+£1.2)-10°2
(-14+24).10°3

Table 58: Differences between the standard fit and the one idgmosingl/p mass constraint for theP vertex
(for technical reasonB® — JAWK? (m°mP) is excluded from this comparison). The quadratic errdiediince is
reported as well. Only common events are used here.

Parameter

Analysis 1

Analysis 2

Am
AF/F
la/p|

ImAcp
IAce

Re\ce R ey
[Acel

Imz

(0.3+£1.3)-10°3

(0.24+17)-10°2

(9.8+£75)-104
(-2.4+76)-10°3

(9.5+6.1)-10°%
(-0.1+1.1)-10°7?

(7.34+6.9)-1074
(—2.6+24).10°3
(1.17+0.58)-102

(444+15)-10°3

Table 59: Differences between the standard fit and the one dsimg the charmonium vertex @$ vertex.
The quadratic error difference is reported as well. Only cum events are used here.

Parametet

Analysis 1

Analysis 2

Am
AT /T
la/p|

IMmAcp
[Acp

cp
Moe] Rez

Imz

(0.6+54)-10°%
(0.3+6.7)-10°3
(-11+6.5)-10%
(414+47)-10°3

(—0.6+6.6)-10°%
(0.4+7.8)-10°3
(-0.9+6.4)-1074
(49436)-10°3
(—2.14+4.8)-10°3
(0.8+1.4)-104

Table 60: Differences between the standard fit and the one @onoving the&k? mass constraint. The quadratic
error difference is reported as well. Only common eventsiaesl here.

8.12 BPBC differences in reconstruction and tagging efficiencies

In this analysisB°BP differences in reconstruction and tagging efficienci@sandv®, are extracted simul-
taneously with all the other parameters from the time-ddpehextended maximum likelihood fit and using
the time-integrated constraints described in section 2.

To check the feasibility of this technique, three toy MontlG checks were performed.

The first test was based on more than 600 toy Monte Carlo ewrpats with equivalent luminosity of
60 fblwith the same physics parameter values as in the standamddnte Carlo (table 6), and witB°B°
reconstruction and tagging asymmetries similar to thoseddn the data. The samples were fitted with and
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Parameter Ar—r

Parameter A m

Beam spot only constraint Beam spot only constraint
Average boost approximation Average boost approximation
No beam constraint No beam constraint
No J/y mass constraint

No J/{ mass constraint

No kg mass constraint No k mass constraint
No use of photons in CP vtx No use of photons in CP vtx
FvtCluster tag algorithm FvtCluster tag algorithm
Use charmonium vtx Use charmonium vtx

Remove VO veto

Remove VO veto

-0.25 -0.2 -015 -01 -005 O 005 01 015

-0.05 -0.04 -0.03 -0.02 -0.01 0 0.01 0.02 0.03

Parameter ‘%‘ Parameter Im(A)

Beam spot only constraint |—.—| g Beam spot only constraint |_‘_|§
Average boost approximation |q Average boost approximation e+
No beam constraint No beam constraint

Iﬂ No J/y mass constraint |-..-|

No J/( mass constraint

No k, mass constraint No k, mass constraint
No use of photons in CP vitx No use of photons in CP vtx
FvtCluster tag algorithm

FvtCluster tag algorithm
Use charmonium vtx Use charmonium vtx

Remove VO veto

Remove VO veto |—:.—|
||||||||||||||||||||||||||||||||||||

-02 -015 01 -005 O 005 01

P T I
0 001 002 003

-0.04 -0.03 -0.02 -0.01

Figure 56: Graphical summary of the differences betweerstdwedard fit and the different vertexing configu-
"ngr (Analysis 2).

rations (explained in the text) from common eventsfor, Al /T, | g/p | and
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Parameter

Analysis 1

Analysis 2

Am (-92+55)-10*[ (-19+15)-10°3
AT /T (134+17)-102 | (1.8421)-10°2
lg/p| | (-1.2422)-10% | (-04+21)-103
hce (24+29)-102 | (24+29)-1032

Ao Rez — (—2.14+1.7)-102
cpl

Imz — (-0.9+4.4)-10°8

Table 61: Differences between the standard fit and the one domoving the photons from ti@P vertex. The

guadratic error difference is reported as well. Only comreeents are used here.

Parameter Analysis 1 \ Analysis 2
Am (—-1.46+0.55)-102 | (—1.51+055)-102
AT /T (-21+11)-102 | (-24+16)-102
la/p| (-87+87)-10° | (-89+87)-10°3
'g‘égr (-0.3+3.7)-10°? (0.1+3.9)-10°?
T@EFRQ — (—0.24+1.5)-102
Imz — (0.7+£22)-10°2

Table 62: Differences between the standard fit and the one dmoving the constraints from the beam. The

guadratic error difference is reported as well. Only comreeents are used here.

Parametet Analysis 1 | Analysis 2
Am (-1.0+3.0)-103] (0.8+4.3)-10°3
AT/I | (-0.94£3.3)-102 | (-3.0+£2.1)-1072
la/p| | (-5.14+4.2)-103 | (-6.04+4.0)-103
'mgf (-094+17)-102 | (-0.3+1.8)-10°?
T Rez — (24+1.4)-10°2
cpl
Imz — (0.54+1.2)-10°2

Table 63: Differences between the standard fit and the one dsimg only the beam spot constraint. The

guadratic error difference is reported as well. Only comraeents are used here.

Parametef Analysis 1 | Analysis 2
Am (-0.34+26)-10°] (-0.0+26)-1073
AT)T | (-12495)-10%| (-5.84+20)-10°3
|g/p| (0.7+4.5)-10°3 (0.4+4.6)-10°3
'WCP (-174+13)-102 | (-1.87+0.30)-102
cP
RocPRez — (0.5+1.6)-102
Imz — (-05+1.1)-10°?

Table 64: Differences between the standard fit and the one moving the/© veto in the tag vertex recon-
structions. The quadratic error difference is reported el @nly common events are used here.
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Parameter

Analysis 1

Analysis 2

Am | (-03+11)-103 [ (-5.0+38)-10*
AT /T (0.24+1.1)-10°2 (0.34+1.1)-10°2
la/p| | (-9.6+86)-10% | (-7.3+88)-10*
e | (1.79+0.93)-102 | (1.61+0.74)-10°2

AocPRez — (—38+6.6)-10°2
cpl

Imz — (13+36)-10°3

Table 65: Differences between the standard fit and the one dsing theaverage boost approximatioThe
guadratic error difference is reported as well. Only comreeents are used here.

Parameter Analysis 1 | Analysis 2
Am (1194+058)-10°° | (1.11+0.22)-10°3
AT/ | (-024£13)-102 | (0.2+15)-10°2
la/p| (054+2.0)-103 | (054+20)-10°3
'WCP (-29+1.0)-102 | (—2.9+1.3)-10°2
cpl
ocPRez — (5.94+5.8)-10°3
cpl
Imz — (-0.5+35)-10°3

Table 66: Differences between the standard fit and the one dsing the alternativevt Cl ust er tag vertex
algorithm. The quadratic error difference is reported als. vidnly common events are used here.

without fitting for the charge asymmetries (detector asymiege+possible CP violation in decay in the tagging
and flavorB sides). It was found that the only physics parameter sigmiflg affected wag g/p |, which
error increased by about 30%, as expected due to the cavrels¢tween| g/p | and the reconstructed and
tagging efficiencies. At the end of the fitting procedure, vhkies ofv® and ™ were consistent with those
generated. This exercise proves that with this approacle wer translating the systematics induced by the
possible detector charge asymmetries into a larger statistrror.

A second toy Monte Carlo was devoted to verify that this pdoce is able to disentangle the physics
(mainly | g/p |# 0) and charge asymmetries. Here, we generated 200 toy Manke €periments with a large
detector asymmetryw (= 10% andu® is 5%, 10%, 5% and 5% for the different tagging categories)yell as
a large value ofﬁ%(y a/p|), 0.05. The samples were then fitted using two differentskestarting values for

Ve, 1o, REandAr/r: i) the generated values, ii) all zero and/[=0.1. Figure 58 shows the sample-by-

W' Tejep
sample comparison of the results of the fit &dr /I and%ﬁs“:‘2 (the correlation and the differences). From this
check we concluded that with this procedure we are able entlimgle the physics and charge asymmetries
which would result in an asymmetry in the numberB38° events, at the cost of a reasonable increase in the

statistical error onq/p |(previous test).

The third check was performed using the dedicated full M@ddo sample. Here, we rerun tBerecon-
struction, vertexing and tagging code after killing randpeind uniformly (nop, 8, ¢ dependencies) 5% of
positive and negative tracks. This 5% is approximately tieeipion with which we have verified on the data
that there are no statistically significant asymmetrielé®27 and 28). Then, the standard fits were applied.
The results from these fits, for the Analysis 1 and Analysids? &ire shown in table 67. The variation with
respect to the results with no killing (tables 42 and 43) amasistent with the statistical difference. These
results were used to estimate a systematic uncertaintyctwuat for any possible residual effect (see section
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Parameter R—|e)\(|MRe(z)

Beam spot only constraint E —e—
Average boost approximation I-.;-I
No beam constraint E
No J/y mass constraint |—H
No kg mass constraint é
No use of photons in CP vtx —e—
FvtCluster tag algorithm |
Use charmonium vtx
Remove VO veto |—0—|
I|IIII|IIII|IIIIiIIII|IIII|
-0.15 -01 -0.05 0 0.05 0.1

Parameter Im(z)

Beam spot only constraint

Average boost approximation

No beam constraint

No J/y mass constraint

No k mass constraint

No use of photons in CP vtx

FvtCluster tag algorithm

Remove VO veto

-0.140.12-0.1-0.080.060.040.02 0 0.020.040.060.08

Figure 57: Graphical summary of the differences betweerstdwedard fit and the different vertexing configu-
rations (explained in the text) from common events, foz%g&‘" and Iz (Analysis 2).

9.9).
Parametei An. 1 - positive | An. 1-negative| An. 2 - positive | An. 2 - negative
Am 0.4828+0.0050 | 0.4817+0.0051 | 0.4828+0.0050 | 0.4816+0.0051
AT /T 0.182+0.016 0.177+0.016 0.182+0.016 0.176+0.016
la/p| 1.0400+0.0097 | 1.0330+£0.0097 | 1.0397+0.0097 | 1.0329+0.0097
I‘Tégr 0.7044+0.022 0.705+0.023 0.705+0.022 0.702+0.023
RocrRez — — (0.84+1.6)-102 | (0.54+1.7)-1072
Imz — — (0.14+17)-102 | (-0.9417)-10°2

Table 67: Results from dedicated full Monte Carlo, Analyaiit, killing 5% of positive and negative tracks.
GG resolution function is used.

Finally, as an alternative approach, one may extvdcandp® directly from the time-dependent analysis
without applying the time-integrated constraints. In tase it was explicitely assumed a comm8nvalue for
all tagging categories. Given the large anti-correlatibhay p | with these parameters (abou95%), its error
increases dramatically, as shown in table 68. All the otleameters remain basically unchanged.
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Fit starting from w and v* generated (A) and from zero (B)
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Figure 58: Comparison between the results obtained fittiegsame 60 fb' samples generated with large
BOB? differences in reconstruction and tagging efficiencies lange X 1+|E‘2 (la/p ), using different starting
points for the corresponding parameters (see text forldgtdihe upper left plot shows the correlation among
the fitted values of\l' /T" from the two sets of starting points, while the upper rigtaves the distribution of the
differnce between the two fitted parameters. The lower @btsv the analogous for thé% parameter.

Parameter Analysis 1 | Analysis 2
Am 0.5221+0.0098 0.523+0.010
AT/T | (~0.94£49).10°2 | (-2.2+4.8)-1072
la/p| 0.90840.056 0.905:0.056
'Ré‘g"’ 0.6124+0.085 0.620+0.082
Ffféngez — (—6.4+4.5)-102
Imz — —0.916+0.034

Table 68: Results from fits to whep@ andv® are extracted from the time-dependent analysis withoug-tim
integrated constraints. These results must be comparédde btf tables 17 and 21. Note the dramatic increase
inthe| q/p| error.

8.13 Results by run period

The fit was also performed for three different data takingguks: Run 1, Run 2a and Run 2b. The results

are given in table 69.
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Parametef Run 1 | Run2a | Run 2b
Am 0.5044+0.018 | 0.554+0.022| 0.524+0.014
Ar/T | (-5.0475)-1072 | —0.06+0.15 | (3.1+6.8)-1072
la/p| 0.9654+0.032 | 0.904+0.039 | 0.946+0.026
'&‘égf 0.504+0.14 0.85+0.17 0.64+0.13
Parameter Run 1 \ Run2a | Run 2b
Am 0.518+0.021 0.5544+0.022 | 0.524+0.014
AT/T | (-5145.9)-102 | —-0.06+0.17 | (284+7.0)-10°2
la/p| 0.96340.033 0.903+0.039 | 0.946+0.026
'mgf 0.53+0.13 0.86+0.16 0.65+0.13
Fffzglp Rez | (7.44+6.9)-102 | —0.115+0.035| —0.105+0.063
Imz —0.892+0.057 | —0.906+0.083 | —0.936+0.049

Table 69: Fit results by run period for Analysis 1 (up) and @xd).

8.14 Splitting of B4, Sample

As a cross-check of the DCKM effects in the reconstructed @d., sample), thd¢ 5, Sample was splitted
in two sub-samplesB® — D*)1i(p, a;) andB°—J/WK*C, the latter free of DCKM contributions in the reco'd
side. The test was performed running the nominal fit sepgrte B® — D) 1i(p, & ) andB®—J/PK*©. Bepkg

and BCPKB samples are unchanged with respect to nominal fit. WhengfittiaB°— J/p K*° sample'm?lzvjv and

)
|‘m)\i\+a|v were fixed to zero. The complete fit results from both thesafagyiven in table 70.
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Parameter |  StandarBiay | Using D'X | Using JK*
Am 0.523+0.010 0.522+0.011 0.524+0.028
AT )T (—2.14+4.8)-102 | (-1.74+4.7)-102 | (-35+6.1)-10°2
la/p]| 0.945+0.018 0.947+0.019 0.916+ 0.046
'&‘iﬁr 0.620+0.083 0.625+0.082 0.589+ 0.099
Ff;';gr Rez (—6.4+4.6)-102 | (-6.1+4.6)-102 | (22+£6.7)-10°2
Imz —0.918+0.034 —0.910+0.035 —1.0024+0.077
o 17+14 21415 35440
%%v —07+14 ~08+15 47435
e 17415 25416 1.0+36
tag|
% —08+16 —07+16 57434
Score 1.241+0.059 1.235+0.063 130+0.11
epton (0.4+8.4)-10°2 (5.0+8.4)-10°2 0.09+0.18
dlkaon —0.30240.060 —0.28240.055 —0.38740.096
ot —0.215+0.093 —0.168+0.092 —0.43+0.21
WRES —0.263+0.077 —0.236+0.075 -0.31+0.14
frai (3.8+1.8)-10°2 (34+32)-10°2 (19+14)-10°2
S 43+17 28+16 7.8+22
Stail —27+14 —-424+30 ~15+26
foutlier (1.5+20)-10°3 (26+1.6)-10°3 (0.0+£85)-10°°
wPren (9.34+2.4)-10°2 (9.3425)-10°2 0.10340.098
wiaen (7.1+2.0)-10°2 (7.9422).10°2 (22+22)-10°2
whTt 0.184-0.043 0.171+0.045 0.25+0.11
w2 0.3624+0.037 0.353+0.039 0.45+0.10
wgorer (-35+4.3)-1072 | (-3.2+4.4)-1072 —0.06+£0.21
wkaon 0.167+0.033 0.151+0.035 0.30000+ 0.00052
W's\llgge (42+7.3)-10°2 (6.8+7.6)-1072 —-0.13+0.19
w'sjg%e (1.3+5.6)-10°2 (2.8+5.9)-10°2 —-0.16+0.16
Awfepton (21+16)-10°2 (20+1.7)-10°2 (3.6+5.3)-10°2
Awkaon (-1.341.2)-102 | (-1.7413)-102 | (0.3+£3.1)-10°2
AWNTY (1L.7+24)-10°2 (1L7+25)-1072 (4.1+6.6)-10°2
AWNT? (-354+1.9)-102 | (-3.742.0)-102 | (2.8+46)-10°2
ForomptBrias 0.384+0.067 0.395+0.069 0.23+0.19
R o810y 0.643+0.024 0.651+0.024 0.108+0.068
f oM ptB11ay 0.615+0.038 0.634-0.038 (0.0+4.4)-1074
fOrOm pLB 110y 0.701+0.025 0.704+0.025 0.64+0.13
Spack 1.389+0.023 1.393+0.023 0.88+0.13
Sback (—384+1.7)-102 | (-40417)-102 | (-2.9486)-10°2
foackoutlier (1.18+£0.21)-102 | (1.16+£0.21)-102 | (3.8+£17)-10°2
W hron o 0.143+0.080 0.150+0.078 (00+17)-10°3
wgéé’rgmpt 0.250+0.011 0.2474+0.011 1.0000+0.0020
A Jgrlompt 0.339+0.030 0.340+0.029 1.0000+0.0048
B prompt 0.449+0.015 0.4474+0.015 0.69+0.15
ve—— 0.399+ 0.055 0.398+0.057 0.39+0.19
T —— 0.388+0.020 0.39440.020 0.330+0.067
Dnon prompt 0.448+0.045 0.454-0.047 0.37+0.11
Dman- prompt 0.46140.032 0.46640.032 (0.0+£9.7)-10°*
Tnon- prompt 1.319+0.057 1.321+0.058 1434017
fpmmmBCPKg 0.632+0.070 0.635+0.069 0.348+0.094
Tnon- prompt& oo 2.304+0.45 2.314+0.46 1.36+0.23

Table 70: Comparison of Analysis 2 fit results usBfy— D*)1i(p, &) or B*—J/@K*® alone asBjay sSample.

IMAfjav
‘)\flav|

IMAflav
d
‘)\flav|

were fixed to zero for the latter.
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8.15 Comparison ofNAG M nui t and RooFi t Tool s results

Several checks were performed by compaiimg NagFi t (NAGagainstM nui t ) andRooFi t Tool s
[16]. These checks were done on both toy Monte Carlo and ttaesdanple.

In the first check, we generated 601 toy Monte Carlo experiments, signal events only, usingcthe-
NagFi t generator. Then we we performed fits! gf only using the two packages. The physics parameter
values used in this generation are those correspondingtstéimdard full Monte Carlo, shown in table 6. In
this exerciseB°BP differences in tagging and reconstruction efficienciestagdin/vertexing correlations were
neglected. The correlation among the central values arattegperrors for the two fitters are shown in figure
59(a). The errors reported lmpt NagFi t tend to be slightly smaller thaRooFi t . Figure 59(b) shows the
corresponding differences, indicating that the spreati®tentral values is consistent with the small difference
(calculated quadratically) in the reported errors.

As an additional check, we performed the fit witht NagFi t usingNAGandM nui t libraries, fitting
the same toy Monte Carlo experiments, but now now leavingtalsics parameters free. Figure 60 shows
the correlation of the results from the two libraries, foe ttonverged fits. Th&IAG option is the one used
by default in this analysis. From these Monte Carlo studiesolyserve that the rate of failed fits and the
speed is signficantly better fONAG, the difference increasing as the number of free paramitersases. As
an example, the CPU needed BG to perform a nonimal full fit one 60 fb~! (signal+background) is on
average less than half of what is neededvbyui t . In the case of the data fit (see beldw)nui t takes more
than twice CPU time thaNAG.

sin28=0.70 TEST sin26=0.70 TEST
[ ENTRIES

D 70
Entries 185
Mean —0.1301E-02
RMS 0.1043E-01

N
=}
T

Fit

o
T

Ro
sin28(RooFit)
N
tn
T

N
O
T

s
$

o
T

0.65 —

o
o
T
~
o o
T T

0.55 —

N
5
T

IE_

|

©

o [T T T T
oL

05 P T P R R N o L [ £ 1 EERY R
0.5 0.55 0.6 0.65 0.7 0.75 0.8 0.85 0.9 -0.04 -0.02 0 0.02 0.04 0.06
sin2f(cptNagFit) sin2@(cptNagFit)
RooFit vs cptNagFit (FITTED VALUE) Residual FITTED VALUES sin2B(RooFit)—sin28(cptNagFit)
~0.09 £
2 F [ ENTRIES 4 b D 7
9.085 = E Entries 200
@ £ 40 E Mean 0.1080E-01
50,08 & 35 E RMS 0,3708E-02
19.075 £ 30 B
007 [ 25 E
0,065 £ 20 |
0.06 B 3
TE 0 E
0.055 £ s E
005 B i L v v b c e e b e oY T N V==t I SR B EE Y=t EE
0.05 0.055 0.06 0.065 0.07 0.075 0.08 0.085 0.09 —0.06 —0.04 -0.02 0 0.02 0.04 0.06
Error(cptNagFit)
RooFit vs cptNagFit (ESTIMATED ERROR) Residual signed root squared difference ESTIMATED ERROR sign(sqrt(AErrsin2g))
CY (b)

Figure 59: (aRooFi t versuscpt NagFi t central values and errors for sifd @nly fits, from toy Monte Carlo
samples with generated sifd 2 0.70); (b) residual distribution for the two considered qitéag. The residual
error distributions shows the signed root square diffezdpetween the squared errors of the two fitters. The
sign is determined by the sign of the difference (b).

118



Minuit vs NogLib TEST Minuit vs NagLib TEST
G500

= 05 ) o000 70 E ) TOBE060 <004 B T B TH60000.
Eurmes A Eries B Eurees A ines 7%
D475 - 000 [ 0 Mean | ~0.8920£-05 £005 | 000 () o0 60 an
oon 175 ox] 60 [ s || "o vatec-os =z om0 76, 000 5
90.45 o0 [ 000 s, E Tm 700 000
L0.02 50
Bazs | 50 F E
L 001
04 |
r w0 b 40
0375 |- 0 E 30
0 E -001 |
20 = -0.02 F 2
o 003 £ 10
I I I 0 Bl PP L VYO _0.04 I I o0 Emas dlo sy i, s,
0.3 035 0.4 045 05 -1 -005 0 0.05 Z004 -0.02 0 002 004 -04 02 0 02 04,
Im(e)NagLib x10 m(olioativ x 10
Im(z) (FITTED VALUE' Im(e)(Minuit)~Im(e)(Nag) Im(6) (FITTED VAL Im(8)(Minuit)~Im(a)(NogLib)
& % & o000 £0.02 5 o5 5 005050
Eurmes I Eues 76 5 eurmes s Enies 75
oo 0w 50 Wior” ossioe 03 2 om Ty b0 Woon 1416601
Go0 3 - Y Wl osecie_os B019 | a0 76 000 s oraseiol
) 0% o5 4 am 750 050 7
70 Sats | 6
60
£ 5
005 F 50 0.017 | .
£ 40
0.04 [ 30 0.016 - 3E
2
C 20 D.015 1 M H
0.03 10 E
1 1 1 1 1 0 1 Ll L, 1 0.014 ! 1 0 H\H 1 1 1 ’7
D.03 004 Q05 006 007 -a5 o 0.5 0.014 0.016 0018 0.02 —0.0z o 0.0z 0.04

Error(Nor lsib)

k ErroriNatio)
Errim(e) (ESTIMATED ERROf )

o)
«10
Errim(z)(Minuit)~Errim(e){NagLib) Errim() (ESTIMATED ERROS

@) (b)

Errim()(Minuit)—Errim(5)(NagLib)

Minuit vs NagLib TEST Minuit vs Noglib TEST
?;U'Ds F L “Too00t ) 1000000 _;O.W 5 o 100000; 7 o 1000000
3 Eurmes 4 7 H Eurees Erines %
£ .00 o 00 E 073865208 £ E om0 Xy 00 Mean 02500605
2002 oo 175 00 g0 osteze 05 201 T 75, 000 60 wis 0145503
o 000 o 050 < 700 o0 050
] 50 F 20.05 | 50
“o.01 «
0 F o F 40
o
30 | -0.06 | 30
-0.01
20 -01 | 20
—0.02 0 -0.15 £ 10
_o.03 L | L o bt o bl o2 | | I ° | eal P
-0.02 0 0.02 -a4 -02 0 02 04, ~02  -01 0 0.1 -0.5 [ 05
1672 RefelNoguio x10 Re(olNoaiv x10
x Re(e) (FITTED VAL Re(e)(Minuit)—Re(e)(NagLib) Re(6) (FITTED VAL Re(8)(Minuit)~Re(8)(NagLib)
CD’QZ [} 100001 [ 1000000 = 0] 100000 ) 1000000
5 enrres 5| 100 [ Entries 175 Sgi2 [ et el 120 Entries 75
EUSW 0,00 000 00 Mean 4091 c aa 00 .00 Mean 0.3295E-04
S 09 Go0 3 050 e osea s a0 76 000 ms | otomeos
< o0 [ 000 & [ < a0 700 | 100
0.89 o1 F
&
0.88 80
087 60 0.08 -
. 60
086 40 [ 006 [ .
085 40
084 20 [ 004 | 20
083
0.82 1 1 1 0 1 1 1 Q.02 1 1 1 o bt 1 !
0825 085 D875 D. 972 —-02 o a2 o A—A 0025 D05 0075 O1 0.125 -001 -0005 o 0.005
Errox(»ﬁgur» . x 10 Error NG%L‘\D) o )
ErrRe(z) (ESTIMATED ERROR) ErrRe(e)(Minuit)—ErrRe(e) (NogLib) ErrRe(5) (ESTIMATED ERROR) ErrRe(8) (Minuit)—ErrRe(5)(NagLib)
Minuit vs NagLib TEST Minuit vs NagLib TEST
= 3 T Too00 T 7000080 =025 700000 70
3 Eurmes o Eriies 7o H eurmes
£ o 0w wl  s0 E Vaon ~offeaze-03 Soz E i3 755 [0y
z 000 176 000 Risoljoisc-os 3 000 76, 0] 60
5 X [ o s | 0.15 | 0o 005 X
TE Toa E 50
048 | 40 005 F 40
30 F o E 5
0.47 _o0s E
E 20 F '01 20
0.46
0 F _ois E 10
oas o Lo v 1 o Eidi b d (i, o Bl 0 Fraden™¥ T 40
0.4 0.48 05 06 -0.4 -02 0.2 ~02 -o04 0 ol 02 ~02 0 0.2
> e R -3
AmNagLin x1 ar/riogUib x10
Am (FITTED VALUE) Am(Minuit)—Am(NogLib) AT /T (FITTED VALUE) AT /T (Minuit)—Ar/M(NagLib)
8014 ¢ o Toooay Too0000 2014 o o000 v To0000
5 EnrrEs 5| 120 [ b 5 enres A Enties 76
8013 | oo ) A -oassoc-on 2 om Ty G 120 wean [-oz1ose-08
X Gon 175 050 0076603 Son2 [ o0 76, 000 mus | oto0se-07
< F oo0 0% om] 100 [ =2 700 o0 050
8.012 3 100
£ o1 b
0011 * 80 80
ooi F 60 | 008 [ . 50
0.009 40 | 0.06 [ 40
0.008 20 20
004 |
0.007 ZL I I o bt I | I I I | ° I I I
0008 001 0012 0014 -01 -005 O 005, 005 0075 0.1 0.125 -0.01 -0005 O 0005
Error(NagLib) x10 Error({NagLib)
Erram (ESTIMATED ERROR Erram(Minuit)—Erram(NogLib) ErrA/I" (ESTIMATED ERROR) ErrA /T (Minuit)—ErrAr /M(NagLib)

(e) (®

Figure 60:M nui t versusNAG, and residual distribution for the physics parameters hed estimated errors:
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The third test we performed was the comparison of resultsdauth cpt NagFi t andRoot Fi t Tool s
for sin 2B only fits in data. In this check, the following simplicationgre made (in order to compare with the
standard sin@analysis results, [8]): Am, o4 andry (k = tag, flav) were fixed respectively to 0.4727's 3.0

and 0 (therefore we did not fit fdﬂ?tg“g, "';'A‘alg, 'm”jv d 'R:”a‘“); ii) the tagging/vertexing correlations were
a tag av av

neglected. The only differences betweenBo®t Fi t Tool s and thecpt NagFi t fits were: i)cpt NagFi t
fitted for theBPBP differences in reconstruction and tagging efficiencies Z8iis however insensitive to this);
i) the oa; cut was 1.4 ps focpt NagFi t while it was 2.5 ps foRoot Fi t Tool s. As the data sample we are
using was already unblided (for sifpthese fits were performed unblinded. Table 71 comparesttrestilts
for the combined:pyg andBcpyo fit. The corresponding values f8pyo andBepyo only fits are compared in
tables 72 and 73 respectively.

Finally, the nominal fits for Analysis 1 and Analysis 2 werefpamed usingV nui t instead of the default
NAG option incpt NagFi t . The results are reported in tables 74 and 75, for Analysisdl2arespectively.
The agreement with the nominal fits, tables 17 and 21, is xtel This cross-check for data fits using two
completely different minimization libraries was very inrgant to verify the robustness of the final result.

8.16 Results from charged B'’s

As an additional control check, the nominal fit was applieth® charged sample. As flavor sample in
this case we used the charg@dample described in section 7.1.1, and as CP sample we wsellaimonium
B* sample, with the following modes8* —J WK™, Bt —=(29)K*, BT —Xc KT andBt—JWK*+(Kdrrh),
with JY—e e,y u~ andy(29)—Jwe e ,u yu ,JWT 1T ; Xa1 —JWy[8]. Due to the absence of mixing
and CP violation in these samples, it was not possible taparf simulatenous fit to all the parameters. The
check was then performed by fixidgn=0 and| q/p |=1 in theBsjay sample, andm=0.472ps ! and '[Qégfzo
in the Bcp samples, fitting only foAl' /T, Rez and Inz. The results are given in table 76. No statistically
significant deviations from O are observed.

Figure 61 summarizes graphically the differences to theinaltfit in the data for the different cross-check
configurations described in this section.

9 Systematic uncertainties

9.1 Signal probability of B¢y and BCPKg samples

The event-by-event probability fdBs 5, and Bcpxg samples was fixed to the values obtained from the
previousmes fits. We compared the fit results from the nominal fits to thei@alobtained by changing one
sigma up and down all theg s distribution parameters, taking into account their catiehs. This is performed
simultaneously for all tagging categories, and indepethgldor the B¢, and Bcng samples. The resulting
variations of physical parameters, given in table 77, dtertaas systematic uncertainty.

We adopted also an alternative approach assuming a flat pigrmability distribution: the events belonging
to the sideband regiomEs<5.27 GeVc?) are assigned a signal probability of zero, while we assignsignal
probability equal to the purity of the corresponding santplsignal region eventsres>5.27 GeVc?). The
differences among fitted physical parameters with respestaindard approach are given in table 78. Results
are in all cases consistent. The change off the differerdgmpaters by varying up and down with the error of
the sample purity the signal probability are reported inetal®.
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Parameter

Nominal Fit (GG) —e—i
Nominal Fit (Gexp —e—i
1, free (GG) —e—
1, free (GExp) —e—
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Lepton tag ——
Kaon tag ——
NT1 tag ——i
NT2 tag ——i
Shape only fit
Moriond Tagger —e—i
Run 1
Run 2a
Run 2b
Dn(p,a,) flavour sample
JIy K’ flavour sample
No time integr. constraint —e—i
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Parameter R—e(MRe(z)

I
Nominal Fit (GG) —e—i
Nominal Fit (Gexp —e—i
1 free (GG) —e—i
1, free (GExp) —e—i
Kg CP sample
K, CP sample
Lepton tag —e—
Kaon tag ——
NT1 tag —_—————
NT2 tag _—
Shape only fit
Moriond Tagger —e—i
Run 1
Run 2a
Run 2b
DYm(p,a,) flavour sample
JIy K flavour sample
No time integr. constraint —e—i
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Figure 61: Graphical summary of the differences betweersthedard data fit and the different cross-check
configurations described in this section &dr/T", | g/p |,

fRa and Inez (Analysis 2).




Parameter | cptNagFit \ ROOFit
'mgf (sin2p) 0.753+0.089 0.753+0.089
Seore 1.190+0.056 1.167+0.053
e pton (1L.0£7.3)-102 | (21+6.6) 102
diaon —0.279+0.047 —0.229+0.040
Nl —0.2034-0.087 —0.2264-0.079
LR —0.240+0.067 —0.190+0.058
ftail (29+£20)-102 | (7.0+£25)-1072
Stail —4.0+1.8 —2.02+0.72
foutlier (3.1+15)-10°3 (35+15)-10°3
wisPron (8.67+£0.91)-10°2 | (8.57+0.87)-102
wkaon 0.1821+0.0069 | 0.1823+0.0065
wh Tt 0.218+0.015 0.218+0.014
wWh T2 0.375+0.013 0.372+0.012
Awfepton (19416)-102 | (11+14)-102
Awaon (-14+11)-102 | (-9.0+9.8)-10°3
AWNT? (14423)-102 | (06+21)-102
AWNT? (-36+£19)-102 | (—3.6+17)-102
Parameter cptNagFit RooFit
fobne,, | 0.383+0.067 0.372+0.067
e B 0.643+0.024 0.633+0.024
foromptBiiay 0.615+0.038 0.59440.039
f oMt Byiay 0.701+0.025 0.702+0.024
Spack 1.391+0.023 1.390+ 0.021
Sback (-3.8+£17)-102 | (—3.2+1.6)-1072
foackoutier | (1.18+0.21)-1072 | (1.76+0.23)-1072
Wy bom 0.132+0.081 0.123+0.085
Oa}?rgmpt 0.248+0.011 0.257+0.012
wgf IIJ_E-ompt 0.3374+0.030 0.3324+0.031
WO, prompt 0.448+0.015 0.456-+ 0.015
Wy o ompt | 0-407+0.055 0.411+0.054
Koo prompt | 0-393+0.020 0.39440.020
wiTL orompt | 0-452+0.045 0.452+0.043
wg(;gm orompt | 0-463+0.032 0.463+0.032
Tnon-prompt 1.322+0.057 1.29040.054

Table 71: Comparison afpt NagFi t andRoot Fi t Tool s results for the sinf only fit. sinZ is in this

case unblinded.

We finally assigned as systematics the larger one sigmaiearizetween the two methods.

In addition, we changed theg s endpoint in themgs fit (by default is fixed to 5.291 Ge\¢?) by 4+0.002

GeV/c?. The change on the parameters is given in table 80.
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Parameter | cptNagFit \ ROOFit
'mclp (sin2B) 0.75540.100 0.75840.100
;
Sore 1.188+0.057 1.183+0.054
e pton (1L.0£7.4)-102 | (22+6.9) 102
aikaon —0.272+0.047 —0.238+0.041
oNTl —0.213+0.088 —0.220+0.082
oNT2 —0.236+0.069 —0.202+0.061
feail (2942.0)-102 | (56+25)-102
Stail -41+1.8 —-25+1.0
foutlier (34+16)-10°3 (3.7+16)-10°3
wisPron (8.60+£0.91)-10°2 | (8.62+0.90)-10 2
wkaon 0.1814:£0.0069 | 0.1812+0.0068
wh Tt 0.2174+0.015 0.22040.015
wWh T2 0.376+0.013 0.372+0.013
Awfepton (224+16)-102 | (09+15)-10°2
Awkaon (-0.84+11)-102 | (-0.7+1.0)-10°?
AwWNT? (2442.4)-102 | (1.84+23)-10°2
AWNT2 (-36+19)-102 | (-414+19)-107?
Parameter cptNagFit RooFit
f B 0.385+0.067 0.384+0.068
e | Coome | oo
fm? o 0'7031 0'025 0.7051 0.024
promptBsiay : : : :
Shack 1.393+0.023 1.394+0.021
Spack (-3.84+17)-102 | (-34+16)-107?
foackoutier | (1.18+0.21)-1072 | (1.74+0.23)-1072
Wy bom 0.133+0.080 0.132+0.082
S erompt 0.248+0.011 0.25440.012
Wgﬁﬂ-ompt 0.337+0.030 0.333+0.030
Wgﬁgompt 0.448+0.015 0.453+0.015
epton
W fotd I ort ot Rbeatyon
Ri_rllcl)n— prompt : : : :
wRi ngn-prompi 0.45240.045 0.45740.045
Wonon-prompt | 0-463+0.032 0.46840.033
Tnon-prompt 1.3234+0.057 1.292+0.056

Table 72: Comparison afpt NagFi t andRoot Fi t Tool s results for the sinf2 only fit (BCPKg only). sin3
is in this case unblinded.

9.2 Resolution function

Two difference sources of systematics from the resolutimttion are considered.

The first one is due to its parameterization, for signal amdlinatorial background. This is estimated from
the difference between th&G vs GExp resolution models. The differences are reported in table 8
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Parameter | cptNagFit \ ROOFit
'mp (sin2B) 0.74+0.19 0.73+0.19
Score 1.177+0.060 1.155+0.058
e pton (-1.1£75)-102 | (—0.24+7.0)-10°2
dkaon —0.26840.048 —0.23640.043
aNTL —0.1884-0.089 —0.201+0.085
oNT2 —0.23140.069 —0.20340.063
feail (3.6+24)-102 | (8.0+26)-102
Stail —36+1.6 —1.80+0.62
foutlier (28+1.5)-10°3 (27+15)-10°3
wisPron (8.65+0.91)-10°2 | (8.65+0.91)-10 2
wkaon 0.18224+0.0069 | 0.1809+0.0068
wh Tt 0.218+0.015 0.220+0.015
wWh T2 0.375+0.013 0.372+0.013
Awfepton (164+16)-102 | (0.6+15)-102
Awkaon (-16+11)-102 | (-1.2+1.1)-10°2
AWNT? (09424)-102 | (05+23)-102
AWNT? (—4.4+20)-102 | (—44+19)-102
Parameter cptNagFit RooFit
B | oo | astzon
promptBsjay : : : :
foromptBiiay 0.616+0.038 0.614+0.038
f oMt Byiay 0.702+0.025 0.706+0.024
Shack 1.391+0.023 1.395+0.021
Bback (-36+17)-102 | (-3.2+1.6)-1072
foackoutier | (1.16+0.20)-1072 | (1.64+0.23)-102
Wy bom 0.132+0.080 0.134-+0.080
Riaé’rgmpt 0.248+0.011 0.254+0.012
W) prompt 0.337+0.030 0.333+0.030
w(';[Efompt 0.448+0.015 0.453+0.015
Wy o ompt | 0-408+0.055 0.411+0.056
Ria?oi’n” orompt | 0-393+0.020 0.400+0.020
Wonan-prompt | 0-452+0.045 0.457+0.045
wg{;gm orompt | 0-463+0.032 0.468+0.033
Tnon-prompt 1.325+0.057 1.304+0.057

Table 73: Comparison afpt NagFi t andRoot Fi t Tool s results for the sinf2 only fit (BCPKE only). sin3
is in this case unblinded.

The second source contributing to the systematics fromeb@ution function is due to the parameters of
the the outlier component (width and bias), fixed to 8.0 afdp8. The uncertainty was estimated in this case
by assuming a flat outlier Gaussian (table 82). An additiocoakribution was estimated by varyingh ps the
width, and+5 ps the bias. The results from this variation are summaiizéables 83 and 84.
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Parameter BY fit results GG model) Parameter | B fit results GG model)
Am 0.5218+ 0.0097 "";zf'vjv 0.7+1.2
AT /T (-1.1+5.0)-10°2 M1y 05410
la/p] 0.946:+0.018 Tl 5+1.
e 0.611-+0.085 "”;gg‘g 05+1.3
Score 1.291+0.045 IMAtag 0.6+-1.3
lepton - P\tag\ . .
e (—1.74+7.1)-10 -
SKaor —0.316-:0.040 fpromptByiay 0.383+0.067
NI ~0.233+0.083 BrOmPLB 1y 0.643:0.024
Bore —0.278+0.061 N B, 0.615:+0.038
frai (1.04+0.31)-10°2 fNT2 0.701+0.025
promptBsjay
Stail 0.40+0.67 Shack 1.388+0.023
fatai.l 2;7:i:7f4i 0.1602_3 dpack (-3.8£16)- 102
\Aj)gtpltlte)rn Eg'gi 2'2; : 102 fbagg%ﬁ“er (1.18+0.21) - 102
% aon 2xes) U Wy Do o 0.143+0.079
Mo (7.24+2.0)-10 of’}?"r%mpt 0.2504 0.011
0.182-+0.040 ;
0 1 0.339-£0.030
wy T2 0.362+0.037 0,prompt
yepton 33423.9).10-2 oyﬁﬁ)mm 0.449-+ 0.015
Siope (733+3.9)- wjepion 0.398+ 0.055
wkaon 0.164+ 0.032 0.non-prompt : :
Rg5e ' ' wjaon 0.387+0.020
WNT1 (4 6+6 8) . 10—2 0,non— prompt : :
Ng5° DO 1 0.4480.045
w2, (1.3+£5.5)-10°2 Qnon-prompt : :
AWIepEon (2.2+1.6)-10°2 0,non—prompt 0.461+0.032
pwkeon | (212+12).1072 Tnon- prompt 1.320+0.056
AWNT (1.8+2.4)-10°2 Trompte g 0.632:+0.069
AWNT? (-34+£19). 102 Tnon—prom pt;BCPKg 2.30+0.45

Table 74: Analysis 1 results froM nui t , GG resolution model.

9.3 Beam spot

The beam spot position and width are used in the vertexingrithgn of the taggindd [24]. For this reason
is important to determine the systematic contribution carfrom the determination of its parameters. We
performed Analysis 1 and 2 data fits moving the beam spot bynd048um in they direction (the one along
which is best determined the width) and increasing the wigitthe same amount (separately). Since the sample
composition of the reconstructed events can differ wherbtdam spots parameters are changed, we used the
events common to the two samples to perform a fit in the standanfiguration and in the one where we
introduced the systematic effect. The differences amoaditied values are reported in tables 85 and 86. The
largest differences are used to assign the systematic error

9.4 Absolutez scale and boost uncertainty

The uncertainty in the scale of tlez measurement has been estimated to be att®B% [25]. As this
estimate corresponds to the beampipe, the uncertaintydassdonservatively increased by a factor 2 to account
for possible mistakes in the extrapolation to the beamgpnotthe other hand, the boost is known with a relative
precision of£0.1% [27]. The effect of the uncertainty on the absolntzale and boost can then be evaluated
scaling the measurefit and its error by 0.6% in the data sample. The effect on theigdlyparameters is
shown in table 88.
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Parameter B fit results GG model)

Am 05231 0.010 Parameter | BY fit results GG model)
AT /T (—2.4+4.9).102 'wﬂa‘v 17414
lq/p| 0.945+0.018 Ay
e 0.618+0.083 Tl —06+14

ImA
ROCRez | (~6.0+4.7)-10°2 Rt 17+15

Imz —0.918+0.034 "’“AA_W‘G _07+16

Seore 1.291+0.045 i

epion ((19+71).10°2 frgn?gnsﬂav 0.383+0.067

aon
glaon —0.31620.040 f%rgrlnpneﬂav 0.643+0.024

NI —0.233+0.083 fpromptByiay 0.615+0.038

Sora —0.278+0.061 N By 0.701+0.025

ftail (1.03+0.30)- 10" Shack 1.388+0.023

Sail 0.38+0.67 Sback (—3.8+1.6)-1072
f5tail 2;1711 215 0-1602 5 fbacktoutlier (1.18+0.21)-10°2

f . ) epton
v\j’gﬂiﬁh (2.9+1.4) 72 Wy Do o 0.143+0.079

0. (9.8+22)-107 wieon 0.250+0.011
Wgao (7.2i 2.0)-10 O}Igl . 0.339+ 0.030
whT 0.182+0.040 P2 '

0.449+0.015
wh T2 0.362+0.037 We§*§g°mp‘ 0.308.% 0,055
Wiope | (-34+39)-10°2 wion PP 0,387+ 0,020
wkaon 0.165+0.032 0.non--prompt ' '
WIS\II%B 46468) 102 O,I%n— prompt 0.448+0.045
slope (4.6+68) T2 0.461+0.032
WNTg (1 3+5 5) . 1072 0,non—prompt . .
slope : : Thon—prompt 1.320+ 0.056
Awfepton (214+1.6)-1072 promp
Awkaon (-1.3+1.2)-10" CPKg
AWNTl (17:|: 24) . 1072 Tnon_promptBCPKSo 230:‘: 045
AWNT? (-3.4£1.9)-1072

Table 75: Analysis 2 results froM nui t , GG resolution model.

9.5 SVT misalignment

In table 87 are reported the differences among the fittedegadfithe same Monte Carlo sample with perfect
anddi f f EL alignments.di f f EL (difference between the E and L alignment sets) is congidaneextreme
and unrealistic representation of the real misalignmering@rvatively, we use it to estimate the systematic
error from the SVT internal misalignment [8].

9.6 AverageB? lifetime

The averag®?® lifetime was varied by-0.032 ps [22]. The effect on the physical parameters is regante
table 89.

9.7 BT lifetime

TheB™ lifetime (used in the peaking background of #g,, sample) was varied by0.031 ps [22]. The
effect of the variation can be found in table 90. Let us no#e there is no effect propagated via e mistags
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Parameted BT fit results GG model)

Parameter | B fit results GG model)

flepton
promptBtjay
fkaon
[?\{?T pthIav
prr$g] pthIav
fprom PtBtiav

Sback
6back
fbackoutlier

Wlepton
0,prompt
aon

0, ﬁgaom pt

Wg rompt
W’\‘Igz P
0,prompt
V\)epton
0,non—prompt
aon
0,non—prompt

NT1
WO,nork prompt
wNT2
0,non—prompt

Thon—prompt

0.236+0.081
0.679+0.024
0.725+0.036
0.753+0.026
1.400+0.023
(—4.0+18)-10°2
(1.21+0.23)-10°2
0.2640.12
0.1634- 0.0098
0.280+0.028
0.399+0.017
0.128+0.038
0.231+0.019
0.431+0.063
0.391+0.042
1.344+0.066

Table 76: Results from the fit to tH&" control sample.

AT /T (-31+24)-1072
RocrRez (0.4+3.9)-1072
CP
Imz (—4.6+4.3)-10°2
Sore 1.13+0.40
S ~0.15+0.22
aikaon —0.21+0.18
NIt —0.12+0.26
N2 —0.25+0.17
ftail 0.15+£0.71
Sail 20+£23
Stai —0.48+0.83
foutlier (0.1+1.1)-10°3
wiSPren (4.74+1.4)-102
wiaon (3.9+1.3)-10°2
wh Tt (9.4+3.1)-10°2
wy T2 0.318+0.030
wgber (—~11+25)-10°2
wen, 0.140+0.022
Wld pe 0.169+0.057
Wiigpe (5.0+4.7)-10°2
Awfepton (234+9.1)-10°3
Awkaon (1.0+8.0)-10°3
AWNT? (23+£21)-10°2
AWNT? (-21+19)-10°7?
Parametert Analysis 1| Analysis 2
Ar/r —647~1(T:11 —543~1(T:11
+6.6-10~ +4.8-10~
la/pl | D3350 | iotos
3
TeRe | — | 330
s
Imz — | e

Parameten Analysis 1| Analysis 2
+1.2.10°3 +8.7-10*
Ar/T -100-104 ~7.0104
-1710* —-25107*
la/p| +1.810-4 +2.510-4
Re\cp . +9.7.10*
Acp] Rez -1.010°3
_ +3.7.10*
Imz 36104

Table 77: Signal probability systemati@szg(left) andBgay(right) sample.

since in the chargeB sample fit used to extract the mistag parameter8thifetime was left free.



Parameter

Analysis 1

Analysis 2

AT /T (0.14+4.9)-102 | (0.4+48)-10°72
la/p| | (~0.14+18)-1072 | (-0.1+1.8)-10°2
o Rez — (—0.14+4.6)-102
cP
Imz — (0.843.4)-10°?
Parametel  Analysis1 | Analysis 2
AT/T ] (05+49)-102 | (0.4+4.8)-1072
lg/p| | (0.0£18)-102 | (0.0+£1.8)-107?
o Rez — (0.64+4.6)-102
cP
Imz — (—0.0+3.4)-10°?

Table 78: Differences of the parameters using signal piitityaftat distribution instead of standard ARGUS,
for BCPKg(top) andBys 5y (bottom) sample. The errors are the quadratic statistiéirences among the two

measurements.

Parameterr Analysis 1| Analysis 2 Parametert Analysis 1| Analysis 2

-8.010 -6.610* 49510 +82.10

Ar/r 184104 16.9-10-4 Ar/T -8.9.10-4 —-8.2.10-

+8.7.10°° +1.1.10* -1210* -20107*

la/p| —9210°5 ~12104 la/p| 412104 419104

Re\cp _ +1.2.10°8 Re\cp _ 425104

her| REZ ~1210°3 her| REZ —9310°5

. 44104 o +2.6104

Imz 14.3104 Imz —3.2.10

Table 79: Signal probability systematics using signal plolity flat distribution, for BCPKg(Ieft) and

Bav(right) sample.

Parametert Analysis 1| Analysis 2
A R R £
la/pl | T3S | RS-
TefRe | — | 130

mz | — | e

Table 80:mgsendpoint systematics.

9.8 B' mistags

Change byt+o the BT mistags (only the average mistagaag = 0; the slope andB°BP differences were
not varied). All the mistags were moved simultaneously ongp and down. The variation of the physics

parameters is given in table 91.
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Parameteil Analysis 1 | Analysis 2 Parametei Analysis 1 | Analysis 2
AT/T [ +53.103%] +7.4-10° AT [+11.10°%] +6.8-10°
la/p| | +18-10%| —-19-104 lg/p| | —18-10%| -20-10*
e Rez — +6.1-10°3 Ro\ce Rez — ~25.10°3
cpl [Ace]

Imz — -14.10°3 Imz — +1.4-10°3

Table 81: Resolution function parameterization sys- Table 82: Systematic shift fixingoutier t0 a very

tematics. large value (20 ps).

Parameten Analysis 1| Analysis 2 Parameterr Analysis 1| Analysis 2

+1.2.10°3 +6.1.1074 —4.610* +6.6-107%

Ar/r +1.7.10°3 —6.5-10-3 Ar/T 4+9.2.104 +2.7-10-4

-7.410°° -9.7.10°° —4.410°° -1.810°°

la/p| 50105 ~1410°3 la/p| ~3510% ~3910*

Re\cp e -1610°3 Rehcp _ +1.310*

[Ace] Rez +1.1.102 [Acel Rez _2410°3

_ +89.1074 _ +3.2.1074

Imz +87.10°5 Imz +1510°3

Table 83: Systematic shift corresponding to the vari- Table 84: Systematic shift corresponding to the vari-
ation of ogyier Of +4/-2 ps around the value fixed in  ation of dqyiier Of +5 ps around zero (standard fit).
the standard fit (9 ps).

Parameteil Analysis 1 | Analysis 2 Parameteil Analysis 1 | Analysis 2

AT/T | +13.103| 4+27-10°3 AT/T | 4+11.10° [ +22.10°3
Rqu/ p| | +15-10°%| +16-10°3 R|ek a/p| | -6.4-10°| -34.10*
- 3

her| REZ — +6.5-10 P Rez — +5.6-10
Imz — -1.1-10°3 Imz — +7.6-107%

Table 85: Variation of the fitted physical parameters, wieriteam spot position is moved of @@ (left table)
and 40um (right table) in the positivg direction.

Parametei Analysis 1 | Analysis 2 Parameteil Analysis 1 | Analysis 2

AT/rT | -11.10%| -10-10*% AT/r | -11.10%| -10-10*%
la/p| | +1.8-10%| +18-10* la/p| | +1.8-10%| +18-10*
e Rez — +29.10* s Rez — +29.10*
Imz — +6.2-10°° Imz — +6.2-10°°

Table 86: Variation of the fitted physical parameters, whentieam spot width is expanded of gt (left
table) and 4Qum (right table) in they direction.

9.9 BB differences in reconstruction and tagging efficiencies

Time-integrated charge asymmetries induced by a differ@m¢he detector response for positive and neg-
ative tracks and any possible direct CP violation in the dexfeflavor eigenstat® mesons (taggin®'s and
reconstructed’s in the flavor eigenstate sample) are included in the PDFeatrdcted together with the other
parameters from the time-dependent analysis. By this neaggignificant systematic effects are expected from
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Table 87: Systematic contribution coming from SVT alignm@rhe values reported are the differences among
perfect andli f f EL alignments using the same MC sample. UPDATED.

Parametei Analysis 1 | Analysis 2
Ar/r | -25.10°] -6.0-10°3
lg/p| | —94-103| -12-1072

Re\ 3
P Rez — +6.5-10"

Imz — ~16-102

Parametenl Analysis 1| Analysis 2
Parameterr Analysis 1| Analysis 2
Ar/r +2.010°3 +1.310°3
—4.0- 3 —~3.1 3
40107 31107 AT /T 621073 -5.110°3
19/p| -36104 ~39104 +4.510-3 +4.1.10°3
—-3.1- 5 7.6 6
3.1.10- 7.6-10- la/p| 34104 _4810-
Relce R —6.410°° a’p +6.9-104 +8.0.104
ep| V& - +5.610-2 2
Ré\cr Ry _ +1.310~
Imz _ -3810* IAce -9.7.10°3
22104 4
Imz _ 5710
+6.7-104

Table 88: Variation of the physics parameters by

scaling the measurelt and its error by 0.6% inthe  Table 89: Systematics from the variation of the av-

data sample. erageB lifetime by +0.032 ps.
Parameten Analysis 1| Analysis 2
+7.6:10°° +2.01074
Ar/T ~7.510°5 —-20104
+2.010°° +3.010°°
la/p| ~2010°5 —2810°5
Rehcp _ -2810*
Mer| REZ 28104
-7.110°°
Imz _ +7.210°5

Table 90: Systematics the the variation of Bielifetime by +-0.031 ps.

this source. However, in order to account for any possibterasidual effect, we used the half difference be-
tween the results given in table 67, which were obtained bgdithe dedicated full Monte Carlo sample after
a 5% killing of positive and negative tracks (5% is approxiahathe precision with which we have verified in
the data that there are no charge asymmetries). The finahsgtits from this soure is given in table 92.

9.10 CP violation in the decay

We changed by:10% the ratio of conjugate decay amplitudes for CP eigegstaipcp. The impact on
the physics parameters is given in tables 93. No systematassigned to possible direct CP violation effects
in the tagging and flavor eigenstaBesamples since these effects are included in the PDF and drefpihe
charge asymetries, parameterandp®, equations (100) and (99).
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Parameten Analysis 1| Analysis 2
+7.41078 -1.010*
Ar/r —7.41076 +1.0104
—4.0107 -1.1.10°°
la/p] +3.0.10°7 +1.1.10°5
Re\cp _ +4.410°4
her| REZ ~4410-4
_ +1.4.10°°
Imz ~1510°5

Table 91: Systematic uncertainties due to the variatiomefoovariation of theB™ mistag rates. Central values
are varied simultaneously for all the tagging categorigténsame direction.

Parametei Analysis 1 | Analysis 2

AT/r ][ -26-10°] -26-10°
la/p| | —35-10°%| -3.4.10°3
Ro\ceRez — ~15-10°8
[Ace] ’
Imz — -51.10°3

Table 92: Systematics from residual charge asymmetries.

Parametert Analysis 1| Analysis 2
+1.9.10°8 +2.1.10°8
Ar/T -1.610-3 -1.910-3
-5.7.10°3 -57.10°3
la/p| 1631073 16.410°3
Re\cp _ -7510*
[Acel Rez +5.6:104
-3010°3
Imz T +1510°3

Table 93: Variation in the physics parameters due #618% direct CP violation in the CP eigenstate sample
(rcecp parameter).

9.11 Doubly-CKM-Suppressed decays

Re\iag — Re\ ReAfjav

Systematics from Doubly-CKM-Suppressed decays ariseauledertainties imtagw, rtagrmf’, Fflav o]
al tag av

andrgg%. Uncertainties fronm, andry via the DCKM cosine terms are taken into account via the tiegra

of '[;?‘:'9, "";A‘a'g, 'm”a‘v and 'm“a‘v, as discussed in section 2.8. As the DCKM effects are domihby the
a tag av av

tagging side, the systematics was factorized and evalsaigarately in the tagging and reconstructed sides by
generating toy Monte Carlo samples with all possible vabfeéhe DCKM phase which give different values
of the cosines, foB® andB° independently (9 combinations). The generation used destignnel since, as
discussed in 2.8 and proved in A.3, this corresponds to thrsensituation. We assume the central value of
l'tag andray to be 0.02, estimated assuming that the amplitudes are dosdity the Standard Model— ¢
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andb — c transitions for the favored and suppressed decays, résggdsee figure 1), and taking the values
of the CKM matrix elements from [23]. To account for potehtdditional diagrams (due to new physics),
factorization andB°BP differences, we assign an uncertainty of 100%, which gives&imum value of 0.04.
This is the value used in the generation. The samples wenditted with the nominal fit and including all the
experimental effects except backgrounds. From about ii€stihe data statistics the largest offsets for all the
physical parameters together with their statistical uladeties are reported in tables 94 and 95, for Analysis 2
(CPT/T/ICPAIN) and Analysis 1 (T/CRAIN), respectively. The largest between the most significaag bnd its
statistical uncertainty is used to assign the systematics Doubly-CKM-Suppressed decays, as given in table
96. Tagging and reconstructed effects are added in quadratu

Am Ar/T la/p|
Tagging side || 0.0029+ 0.0007 | 0.008= 0.004 | 0.0063+ 0.0014
Reconstructed side 0.0024+0.0007 | 0.011+ 0.004 | 0.0050+ 0.0013

Re\ce D ey ImAcp Imz
[Acp| [Acp]

Tagging side 0.027+£0.004 | 0.008+0.005| 0.005+0.003
Reconstructed side 0.0114-0.004 | 0.0124+0.006| 0.007+0.004

Table 94. Largest variation of the CPT/T/CP/oscillatiomgmaeters from the DCKM systematics scanning
(Analysis 2). Estimated fromx 110 times the data statistics.

Am AT /T la/p| e

[Ace]

Tagging side 0.0008+0.0007 | 0.006+0.005 | 0.0062+0.0012 | 0.022+ 0.006
Reconstructed side 0.0009+ 0.0005 | 0.004+ 0.003 | 0.0052+0.0011 | 0.005+ 0.006

Table 95: Largest variation of the T/CP/oscillation parterefrom the DCKM systematics scanning (Analysis
1). Estimated fromx 110 times the data statistics.

9.12 PDF asymptotic normalization

The PDF in the nominal fit was normalized asymptotically. €fect from this assumption was evaluated
by normalizing in the finite range defined by thecuts (—20,20] ps), according to equation (104). The effect
on the different parameters is summarized in table 97.

Parametenl Analysis 1| Analysis 2
AT /T 0.0072 0.0136

lq/p| | 0.0081 | 0.0080

o Rez - 0.0292
cpl

Imz - 0.0086

Table 96: Systematics from Doubly-CKM-Suppressed decays.
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Parametei Analysis 1 | Analysis 2
AT/T | -30-103] -23.103
la/p| | +1.6-10%| +15-10*
Re\ 3
2 Rez — +2.2-10°
Imz — -3.4.-104

Table 97: Systematic contribution from the usage of PDF gggtit normalization.

9.13 Likelihood fit

The precision on which we have verified from toy Monte Carlec{on 7.6) that the fitting procedure
provides an unbiassed estimation of all the physics paemet assigned as systematic error due to the fitting
procedure. More specifically, we take as systematic errertduhis source the largest between the observed
bias (mean value of the residual distributions) and itdsdtedl error due to the limited amount of toy Monte
Carlo experiments. The values can be found in table 98.

| Parametef Analysis 1| Analysis 2|

AT /T 36-103% [ 3.0-10°°
la/p| | 28-103% | 7.6-107%
R\ce R ey — 1.4-10°2
[Acpl :
Imz — 15-10°3

Table 98: Likelihood fit systematics from fitting procedure.

Another source of uncertainty contributing to the likelilgicfit systematics is the assumption of universality
of the At resolution and mistags. More specifically:A resolution and mistags f@¢,y andBcp events are
the same,; ii) the resolution function is the same for right @mong tags. To evaluate this contribution we split
the complete exclusive Monte Carlo sample into data-siaetptes, keeping the relative sizes of sigBaky,
Bcpke and BCP o samples as observed in the data. The dedicated Monte Caslals@used after reweighting
it toKFe values of the standard sample. The nominal fit ($ignky) was then applied to the samples. The small
combinatorial backgrounds in these exclusive samples eglected (a check was also performed to verify it
by selecting only events in the signal regionss > 5.25 GeV/c?). The total available statistics after applying
this procedure was 6 times tig,, sample and 34 times thaCPKg and BCPKE- To take profit of the much
larger Bcp statistics, we performed the fit for all possible combinagiof Bcp andBs,y Samples (6 fits). For

Bcp dominated measuremenisi(/T", RGACF’ Rez), we evaluated the mean bias from the 84 fits, and the error
ep

from the combination of 34 fits (6) W|th the largest RMS. Bar,, dominated measurementsg(p |, Im2),

the mean bias and RMS was estimated from 6 ran8gmsamples (as expected, no sizeable changes were
observed by selecting a different setBfp samples). The results obtained with this procedure arateghm
table 99. We assigned as systematics the largest betweprethreresidual and its uncertainty, as given in table
100. No corrections were applied to the central values eteldafrom the data. Let us note that this procedure
also takes into account other possible missing or not ate@@ough assumptions reproduced by BABAR
Monte Carlo.
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Parametel Analysis1 |  Analysis 2

AT/T [ 0.0137+0.0081] 0.0135+0.0078
lgq/p| | 0.0127+0.0081| 0.0127+0.0079

Fffzgf Rez — ~0.0027+0.0122
Imz — ~0.0129+0.0093

Table 99: Mean residuals with error from the data-sizedMdhte Carlo fits.

Paramete Analysis 1| Analysis 2

AT /T 0.0137 0.0135
la/p| 0.0127 0.0127
ORez | — 0.0122
cp|
Imz — 0.0129

Table 100: Likelihood fit systematics from common mistags Anresolution.

9.14 Peaking background fractions

The effect due to the uncertainty on the amount of chafdzhckground that peaks in thegs Byjay

distribution was estimated by changing the fraction of mbackgroundjgeak by +£0.6%. In the case of the

Bcng sample, it was changed hyl.0%. The impact on the physics parameters is given in tablés 10

Parameten Analysis 1| Analysis 2 Parametert Analysis 1| Analysis 2
A\ Ry P v AT/ R90s | eTies
/el | 580 | sl /el | 3335e | idies

PerRe | — | 50 PerRe | — | 300

Imz — | ‘5oios Imz — | s

Table 101: Peaking background systematics (Bft;, sample; right:BCPKSo sample).

9.15 CP content i”Bcng peaking background

The nominal fit assumes that the effectivg of the peaking background for t'%ng sample is zero. The
resolution function, mistags and physics parameters atevad to be the same as for the signal. We varied the
the effectivencp betweern+-1 and—1, and we assigned as systematic error from this source fiegedice to
the nominal fit. The results are given in table 102.
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Parameten Analysis 1| Analysis 2
-9.2.10°° -1510*
Ar/T +8.1.10°5 +1.3104
—4.410°° -1510°°
la/p| +4.310°5 +1.810°5
Rehcp _ -7.610*
Mos| REZ 76104
-3.610*
Imz — +4.2:10°4

Table 102: Systematics due to the CP content of the peakiciggbaund component in “’B‘cpxg sample.

9.16 At structure in combinatorial background

Another source of systematic uncertainty originates frobenassumption that the temporal structure of the
combinatorial background in the side band region is a goatrig#ion of the one in the signal region. We
varied the lower edge afie s distribution from 5.20 Ge)(,(:2 to 5.27 Ge\/cz, simultaneously for th8;5, and
Bepke samples. The variations of the fitted parameters with regpebe nominal fit are shown in figure 62.

Analysis 1 Analysis 2
0.008 * Am variation 0.015 & AT /T variation 0,005 | Am variation 092 [ AF /T variation
0004 oot o Fo—o ofbo—o & &, 1111
0.002 | 0.005 F 1 | | © ¢Qooo 3 T YQ????
O’UA¢ ? ° — _0'0057‘\H‘\Hm?'0'02;”\‘”\‘”\‘
o002 [ + o _0.005 | T TT+ 522 524 526 522 524 526
F o +(% Mes lower end Mes lower end
-0.004 [ —0.01 |
0006 |, Joots | 0.002 Iq/pl variation 004 ; Im()) variation
522 524 526 522 524 526 002 | +
102 mes lower end mes lower end o F Y & ++++ 0 A @ ‘:’¢‘.5¢+
02 F — 0.04 - _0.002 | -00z
ot ;Iq/pl variation 005 b IM() variation T e
E 522 524 526 522 524 526
o1 F 0.0z | Mes lower end Mes lower end
0.05 | 0.01 [ <L
& 4 J) 0.01 F 0.005 F
o o7 111" F Re(z) variation 5 Im(z) vono’uon
oos b | | oot b 0.005 [ 0.0025 |
o o 0:1 L |J|’ +| °;+¢A L1111
-015 | _003 F -0.005 | T T | {0.0025 TTTT
_02 E ! ! ! ! ! _o01 E ! ! I —0.005 E I I I

-0.04

5.22 5.24 5.26

Mes lower end

5.22 5.24 5.26

Mes lower end

5.22 5.24 5.26

Mes lower end

522 5.24 5.26

Mes lower end

Figure 62: Variation of the fitted physical parameters fomBmis 1 and 2 with respect to the nominal fit for
different values of the lower edge of the: s distribution (nominal value is 5.2 G¢@).

We also split the sideband region in seven equal slices eadfiel//c? wide, simultaneously for thByay
andBgcpko samples, and used each of these ranges, in a standard fitedthes rare shown in figure 63, where
we indicated also the extrapolation to signal region. Werege as systematic uncertainty the quadratic sum
of the extrapolation and the error on it. Results are repdrt¢able 103.
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Analysis 1 Analysis 2

F P - 0.005 - r -
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Figure 63: Variation of the fitted physical parameters foalysis 1 and 2 with respect to the nominal fit using
different “slices” of events in thenessideband region. The extrapolation to the signal regiome(lsblid circle)
from a linear fit is indicated as well.

Parametei Analysis 1| Analysis 2
oAr/r | 24.103% | 17.10°3
lg/p| | 7.7-10% | 69-10°3

o Rez — 13-10°3
cpl
Imz — 86-104

Table 103: Systematic error due to the assumption of a conteraporal structure for sideband and signal
events in theng s distribution. See text and figure 63 for details.

9.17 Ar/CPT/T/CP/Mixing content in Bfja, and BCPKg combinatorial backgrounds

The nominal fit assumes that there is &6, T/CP/CPT and mixing structure in the combinatorial back-
ground for theB¢jay andB-pye Samples. To evaluate the effect from this assumption weategdethe fit but
now assumming non-zed, T/CP and mixing effects. This check was performed by inicieg in the PDF
an independent set of physics parameters to those of thal siiye still assumed no CPT structure since the fit
allowing also for CPT effects did not work, due to the almasmhplete absence of mixing and CP violation in
the background (similar problems as when trying to fit all paeameters in thB* control sample). Precisely
because of this any effect on the CPT parameterexpected to be completely negligile (this is a conseqgeienc
of the fact that CPT violation cannot be observed in abseh€wiolation). We assumed maximal mixing by
fixing Amin the combinatorial background to 0.489 pg22]. The differences with respect to the nominal fit
are assigned as systematic uncertainty from this sourceamemshown in table 104. In order to evaluate this
systematics we assumedp = —1 for the Bcng sample (taking)cp = +1 would just change the sign of the
backgroundAl and T/CP/CPT T/CP/CPT parameters).
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Parametei Analysis 1 | Analysis 2
AT)T | +44.10°%] 4+33.10°°
la/p| | +25-10°| +25.10°3

Fffggr Rez — +2.8.10°3
Imz — —-49.10%

Table 104: Systematics due to thE/CPT/T/CP/Mixing content of the combinatorial backgrowwmiponents
in the B¢jay and BCPKg samples.

9.18 Charm content

Change fraction of charm content in tagging side. Expecidxtinegligible since it is mostly parameterized
in the bias of the resoltion function and the correlatiorwgf with the mistag fractions. To be done.

9.19 JPK? specific systematics

The BCPKB specific systematics is evaluated as detailed in [18]. Irfdhewing all the sources of system-
atics are listed and their contribution reported. For a samyrof the different contributions, see tables 117 and
118.

9.19.1 CP content of background

The CP eigenvalue of most of the components in the fit is kndvne. cases where it is not known:

o B K, K*O—KOm: Change the nominal value-0.68) by +0.07. The effect of the variation is
shown in table 105;

e non-itemized inclusive)/yy background: change the nominal net GFO(19 in the EMC and+0.21 in
the IFR) from 0.15 to 0.33. The effect of this variation iswhdn table 106;

e nonJ/ background: the same procedure as described in sectiom@didsed here, varying the net CP
(nominal is 0) by+1. The effect of the variation can be found in table 107;

9.19.2 Prompt fraction and lifetime of non-J/» background

The fraction of the prompt component and the lifetime of tba-prompt of the nod/ background were
varied according with the errors from the external fit to titkelsand eventst0.12 and+0.3, respectively. The
effects of these variations are reported in tables 108 afid 10

9.19.3 IFRKY? angular resolution

The same prescription as in [18] has been used to estimatyshematics due to the difference between
data and Monte Carlo in thé? angular resolution (2.5 MeAE smearing). The effect on the parameters is

reported in table 110.
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Parameten Analysis 1| Analysis 2
+2.310°° +5.1.10°°
Ar/r 23105 ~5.910°5
-2.010°° -2.310°°
la/p| +2.010°5 425105
Rehcp _ +22.1074
o REZ —21.104
—27104
Imz — +2.7:10°4

Table 105:J/pK? specific systematics: assumed CP eigenvalue dBthel/yK*?, K*°—K°r® background.

Parametert Analysis 1| Analysis 2
+2.1.10°° +7.810°°
Ar /T ~17-10°5 —4.7.10°5
—4.710°° -5210°°
[a/P] +2510°5 +2.7-10°5
Re\cp _ +6.0-1074
hor| REZ _2510-4
-6.7-10°%
Imz — 27104

Table 106: JWKP specific systematics: assumed net CP eigenvalue of thetemized inclusivel/p back-

ground.

Parametei Analysis 1 | Analysis 2

AT)T | +46-10%] -31.10°%
la/p| | +26-10°| +25.10°3
RocPRez — +3.8-10°3
Imz — 4+1.3-10°3

Table 107:JWKP specific systematics: assumed net CP eigenvalue of thé/gobackground. UPDATED.

Parametert Analysis 1| Analysis 2
aryr |zl | s
la/pl | 15810 | idios

hefRe | — | I

Imz — | it

Table 108:J/WK? specific systematics: prompt fraction of ndfy background.
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Parameten Analysis 1| Analysis 2
+4.7-107% +4.9.1074
Ar/r —4.2.10°4 —4.610°4
+5.9107° +6.7-107°
la/p] —6.210°5 —7.1.10°5
Rehcp _ -1.910*
Mos| REZ 120104
—4.2.10°°
Imz T +2.810°5

Table 109:J/WK? specific systematics: lifetime of nalip background.

Parametei Analysis 1 | Analysis 2
AT/T | —-31-103[—-30-103
la/p| | +20-10%| +6.5-10°°
o Rez — -9.7-10°°
cp
Imz — +1.8-10°3

Table 110:JyK? specific systematic? angular resolution.

9.19.4 Shape oQE distributions

The AE distributions used to help to discriminate between signal lBackground are taken from Monte
Carlo. To have good agreement with the data, the Monte Catoshifted by-0.5 MeV and smeared by.85
MeV. The sensitivity to the uncertainties on th& shape were evaluated by applying an additional shift of
+0.25 MeV and an additional smearing of 0.45 MeV. The impact efgihysics parameters is shown in tables
111 and 112.

Parametert Analysis 1| Analysis 2
AT/T | iites | aaos
la/pl | 3e0s | 3.

TerRe | — | 3000

Imz — | &5hs

Table 111:JWK? specific systematicfAE shape AE shift).

9.19.5 Measured sample composition fromE fit

The relative amount of signal, inclusidp background, and nod/y background is determined from a
three component fit of thAE spectrum, which is described in reference [17]. The fittedtfons for IFR
and EMC samples are variated randomly accordingly to tharimvce matrix from théE fit and the global
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Parametei Analysis 1 | Analysis 2
AT/T [ -65.10%] -6.9-107
lg/p| | -15-10%| -15-10%
RocPRez — +6.4.10*
Imz — +1.7-10%

Table 112:JK? specific systematicsAE shape (additionaAE smearing).

fit is performed for each of the configurations. In figure 64 wpart the distributions of the fitted values
for 100 random configurations. The width of a gaussian fit eséhdistributions are quoted as the systematic

contribution for each variable.

Paramete Analysis 1| Analysis 2

AT /T 59.103 | 6.9-10%
lg/p| | 13-10% | 16-10°%
Re\
neor Rez — 1.4-10°3
Imz — 7.6-10°3

Table 113:J/WK? specific systematics: uncertainties from the variatiornefsample composition. .

9.19.6 Branching fractions

One of the inputs of the sample composition fit are the bramcfractions of the varioug/wy X modes. We
varied these numbers by either their measured errors oeo@iive estimates. After each variation e fit
for the sample composition is recomputed. The differenceranthe results of the subsequent global fit and
the nominal case are taken as the sytematic error.

There is a known problem in the SP4 generatiod/gfK2 , with K decaying in two neutral pion, since
eachr® decays twice in the detector. We took in account of this éffacying the corresponding branching
fractionb varying it upward of a larger value (50% instead.@¥6). This approach is the same as in [18].

Parameten Analysis 1| Analysis 2 Parameten Analysis 1| Analysis 2
+6.410°° +8.0.10°° +9.210°° +7.810°°
Ar/r ~4.810°6 -8210°6 Ar/r ~1310°5 10105
+1.1.10°% +1610°6 +1.610°° +1.910°°
la/p] ~7.0.107 +1.810°6 la/p]| 21106 23106
Re\cp _ -2.410°° Re\cp _ -2310
e Rez +6.210°6 Ice| Rez +3510°5
_ +5.410°° _ +1.910°*
Imz ~7.810°6 Imz 31105

Table 114:J/ K? specific systematicst10% variation o8 — J/ K* branching fraction (left);-10%/ 4-50%
variation ofB° — J/WK2 branching fraction (right).
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Figure 64: Distribution of the (BLIND) fitted parameters ffnoAnalysis 2 varying the sample composition
extracted fromAE fit. The widths of the fitted gaussians are taken as the sy$itenrertainties.

10 Summary of results

In 56 fb~1, we measurdl /T and test the T/CPT asymmetries. The parameter results aottfor the
two analyses are:

e Analysis 1 results (blind):

AT /T = —0.008" 3338 (stay + 0.021(sys}
| q/p |=0.946+ 0.018(staf & 0.023(sys?
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Parameten Analysis 1| Analysis 2 Parameten Analysis 1| Analysis 2
+3.010°6 +5.810°6 +9.810°6 —2.01077
Ar/T +1610°6 -1.9.10°6 Ar/T 4251076 +1510°5
-1610° -3.010°7 +6.310°6 +86.10°6
la/p]| +1910°6 +2210°6 la/p| —4610°6 58106
Re\cp _ -2.1.10°6 Re\cp _ -8.910°°
[Acp] Rez —7.210°6 [Acp] Rez +6.4.10°5
_ -1.710°° _ +85.10°
Imz +4.2.10°6 Imz -8.8.10°°

Table 115:J/@ K specific systematics:50% variation of8 — J/p K| 1tbranching fraction (left)::50% vari-
ation of B® — %K branching fraction (right).

Parameten Analysis 1| Analysis 2
+6.4.10°° +8.0.10°©
Ar /T -4.810°6 —-8.2.10°6
+1110°8 +1.610°6
[a/p] -7.010°7 +1.810°6
ReAcp _ —24.10°°
[Acp| Rez +6.2.10°6
_ +5.4.10°°
Imz ~7.810°6

Table 116:J/WK? specific systematicst50% variation o8 — JAU X residual branching fraction.

e Analysis 1 checksim, 1g are unblind,"’;‘égf blind):

Am = 0.5220+ 0.0098 stat)

IMmAcp
| Acp |

1g = 1.515+ 0.022(stal

= 0.612"3053(stap

e Analysis 2 results (blind):

Al /T = —0.0213923(stap & 0.023(sys}
| q/p|=0.946+ 0.018stay + 0.023(sysh
Re\cp
[ Ace |
Imz= —0.918+ 0.034(staf + 0.025sys?

Rez= —0.064'973(stap = 0.041(sys}

e Analysis 2 checksAm, Tg are unblind,'mgf blind):

Am = 0.523+*53% (stay
ImAcp
| Acp |

= 0.620+ 5382 (stay

142



Systematics AT /T |a/p|

CP of K* bkg 23-10° | 20-10°
CP of non itemized 3/ bkg | 2.1-107° | 7.8-10°°
CP non-Jp bkg 46-10% | 26-10°3

prompt fraction of non-3 bkg | 2.2-107% | 9.6-107°
lifetime of non-Ji bkg 47-10% | 6.2.10°°
angular resolution 31-103 | 20-10°

AE shape (shift) 7.7-10% | 19-10°%

AE shape (additional smearing)6.5-10~4 | 1.5-10*
Measured sample composition5.9-10~2 | 1.3.10°4
Branching fractionJ/p K* 6.4-10°%| 1.1.10°°
Branching fraction/yKs | 9.2-10°° | 7.8-10°
Branching fractionJ/gK m | 3.0-107° | 58-10°°
Branching fraction K¢ 9.8-10%| 6.3-10°°
Branching fraction:J/y X other| 6.4-10°® | 1.1-107°

Total 0.0068 0.0026

Table 117: Analysis K? specific systematics summary.
g = 1.517+ 0.022(stal

The break-down of the error for the two analyses are giveabies 119 and 120.

To first order in the CPT parametdrand the T violation in mixing parameter 8eve can alternatively
provide the above results in tHe, 8} formalism, using the relations shown in section 2.3:

e Analysis 1 results (blind):

Ree
i = 0.028+ 0.008(staf + 0.010(sysh
e Analysis 1 checks (blind):
Ime
——=-0. +0.04
FRPP 0.306+ 0.043(stab
e Analysis 2 results (blind):
_R® 0028+ 0.008(stah +0.010sys}
e ) ) y
1-|e” Red 0.074
Imd

Tr[ef 0.918+ 0.034(stap + 0.025syst
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Re\cp

Systematics AT /T la/p| o REZ Imz
CP of K* bkg 59-10° | 25.10° | 22.104 | 2.7-104
CP of non itemized ¥ bkg | 7.8-10°° | 5.2.10°° | 6.0-10* | 6.7-10*
CP non-Jp bkg 76-10% | 13-10°| 3.0-10%| 29-10*

prompt fraction of non-@ bkg | 3.1-10% | 25-10% | 3.8-10°% | 1.3-10°3
lifetime of non-Ji bkg 29.-104 | 12-10%4 | 16-10%4| 1.1-10*¢
angular resolution 30-10% | 65-10° | 9.7-10° | 1.8-10°3

AE shape (shift) 7.8-10% | 20.-10* | 6.8-104 | 1.5.10°*

AE shape (additional smearing)6.9-104 | 1.5-107% | 6.4-107% | 1.7-10°4
Measured sample composition6.9-104 | 1.6-10% | 1.4-103 | 7.6-10°3
Branching fraction:J/yK* | 8.2.10% | 1.8-10° | 24.10°° | 7.8-10°°
Branching fractionJyKs | 7.8-107° | 1.9-10° | 2.3-104 | 1.9-10°*
Branching fractionJ/yK m | 58-10°|22.10°¢|72.106 | 1.7.10°°
Branching fractionxcK, 15.-10° | 86-10° | 89-10° | 88-10°
Branching fractionJ/p X other| 8.2-10°°% | 1.8-10°® | 24.10° | 7.8-10°°

Total 0.0034 0.0028 0.0052 0.0080

Table 118: Analysis K specific systematics summary.

e Analysis 2 checks (blind):

Ime
el —~0.3107555(sta

Discuss the results and show the main asymmetries (thoskdeds to be included in the paper) in a nice
format. Will make a discussion about what is seen there.
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Systematics AT /T la/p|
Signal probability Brjay) 12-10°|18-10*
Signal probability Bepyo) 84.104|21.-10*
mes endpoint 31.-10% | 7.6-10°3
Resolut. function param. 53.10°3 | 1.8-10°°
Ooutlier Variation 1.7-103%| 7.4-10°°
Ooutlier VEry large 1.1-10°% | 23-10*
Soutlier Variation 9.2.104 | 35-10%
Beam spot position 13-103 | 15.10°3
Beam spot expansion 11-10%4|18-10*
SVT alignment 25.103% | 9.4.10°3
zscale and boost 40-10% | 36-10
AverageB° lifetime 6.2-10% | 6.9-10*
AverageB lifetime 7.6-10° | 20-10°°
B* mistag rates 74.10% | 40-10°7
Residual charge asymmetry 26-103 | 35.10°3
Direct CP violation 19.-10° | 6.3-10°°
Doubly CKM suppressed decays systematic3.2-10°2 | 8.1-10°3
PDF asymptotic normalization 30-10% | 16-10*
Fitting procedure 36-103 | 28-10°3
Common mistag andt res. 14.-102 | 13-10°2
Fraction of peaking bgBf/av) 26-10%4 | 9.0-10°°
Fraction of peaking bgBcpxg) 6.0-10° | 29-10°
CP content of peaking bg 30-10%|19.-10*
At structure in combinatorial background | 2.4-10°3 | 7.7-10°8
AT /CP/T/Mixing content in combinatorial bkg4.4-10~2 | 2.5.10°3
Charm content .-10° .-107
K? specific systematics 6.8-10°3 | 26-10°3
Total 0.021 0.023

Table 119: Analysis 1 systematics break-down.
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Re\cp

Systematics Ar /T la/p]| ol REZ Imz

Signal probability Brjay) 87-104|25.104 | 10-10% | 3.7-10*
Signal probability Bgpyo) 6.9-10% | 20-10% | 1.2.10°% | 44.104
mes endpoint 18-104|75-102% | 76-10% | 2.0-10°°
Resolut. function param. 74.10%19.10% | 6.1-10° | 1.4.-10°8
Ooutlier Variation 65-10%|14.10°%|11-102 | 89.-10*
Ooutlier VEry large 6.8-10% | 20-10% | 25.10% | 1.4.10°3
Soutlier Variation 6.6-10%|39.10%|24.102 | 15.10°3
beam spot position 27-10%|16-103%|56-10%| 1.1-10°3
beam spot expansion 10-10%4|18-10%|29.-10%| 6.2-10*
SVT alignment 6.0-10%|12.102|65-10%| 1.6-10°2
zscale and boost 31-10°|39-10%|56-102 | 38-10*
AverageB?° lifetime 51.-10%|80-10% | 1.3-102 | 6.7-10°4
AverageB lifetime 76-10°|30-10° | 28-10%| 7.2-10°°
B* mistag rates 10-10%|11-10° | 44-10% | 1.5.-10°°
Residual charge asymmetry 26-103%|34.103%|15.-10%|51-10°3
Direct CP violation 21-103%|64-103%|75.-10% | 3.0-10°2
Doubly CKM suppressed decays systematic§.4-1072 | 8.0-10°2 | 2.9-10°2 | 8.6-10°3
PDF asympotic normalization 23-10%|15.10%4 | 22.-10% | 34-10*
Fitting procedure 30-103%|76-10% | 14-102 | 1.5-10°3
Common mistag andt res. 1310213102 |12-102 | 1.3-1072
Fraction of peaking bgBf/av) 85.104|7.8-10° | 38.-10°| 80-10°°
Fraction of peaking bgBcpyg) 9.1-10°|12.-10°|55.10% | 29-10*
CP content of peaking bg 15-10%4|18.-10°|76-10% | 42-10*
At structure in combinatorial background | 1.7-102 | 6.9-103 | 1.3.103 | 86-10*
AT /CP/T/Mixing content in combinatorial bkg 3.3-1072 | 25-1072 | 2.8-10°2 | 49.10°%

Charm content .-10° .-10- .-10° .-10-
K? specific systematics 34.10%|28.10° | 52.-10° | 80-10°°

Total 0.023 0.023 0.041 0.025

Table 120: Analysis 2 systematics break-down.
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A Doubly-CKM-Suppressed Decays Toy Monte Carlo studies

A.1 Sensitivity studies

We investigated the numerical sensitivity of the CPT/T/@WiXing parameters to DCKM effects using toy
Monte Carlo. For these studies, the samples were generdtiedhe values of the phases that maximize and
minimize the PDF (this occurrs at the physical region bouedaof the sines and cosines of the phases). In the
most general case without model asumptions we have a tofd pbssible combinations for eaBhmeson,
reconstructed and tagging (4 possible angles for &damdBC: 0, 11/2, T, 3r/2). In practice, the matrix of
combinations is “antisymmetric” und&’ andB? interchange, which gives a total of 10 different combinagio
In order to reduce futher the number of combinations and Iiyrgs much as possible this study, we assumed
8 = @strong+ @weak O = Pstrong— Pweak With @ueak = 2B +y = 1.85, which reduces to 4 combinations. This
assumption will be released for the systematic error etialuén the final analysis. The rat@gay, I fiav, r'tag
andriag Were generated to be 0.05. One single effective channdiilooting to the reconstructed (flavor sample)
and tagging (common for the flavor and CP samples) sides wasasl here. The samples consisted of about
100 experiments with an statistics equivalent to about 60 &ach, with perfecit resolution but mistags as
those observed in the data. The relative populations offlard CP events was kept the same as observed in
the data. Tagging-vertexing correlations @fB° differences in reconstruction and tagging efficienciesewer
neglected here. We assumed no direct CP violation effegigp = rcpfiav = crtag = 1. The CP phas@cp
was generated to be 0.86 rad (which correspondﬁ—é\ﬁzo.ﬁ). zand| g/p | were assumed to be 0 and 1,
respectively.

We first analyzed the effects in the tagging side. The medduals obtained when fitting the samples
neglecting the DCKM effects in both, tagging and reconsé&dcsides fit configuration 1), but generating
DCKM effects in the tagging side only, are summarized ingd#11. To evaluate the significance of the offsets,
these values should be compared to the RMS reported in the tsdole. The statiscal error on the offsets are
about 10 times smaller than the reported RMS. We observega larpact on Im, a non-negligible effect on

Re\c Ac E.
MCP‘PRez and to a less extend dﬁj The effects for all the other parameters are negligible

Oeg | Am | AT/T | |o/p] | GeFRer| G | Imz

0 0.0020| -0.0032| 0.0011| -0.0263 | -0.0032| 0.0175
/2 || 0.0016| 0.0019 | -0.0001| -0.0098 | 0.0033| -0.0615
L 0.0014| 0.0066 | 0.0005| 0.0253 | -0.0050| -0.0186
3m/2 || 0.0020| -0.0025| 0.0005| 0.0008 | 0.0185| 0.0614
RMS || 0.0078| 0.052 | 0.013 0.056 0.068 | 0.013

Table 121: Mean residuals and RMS for fit configuration 1, iiaggide phase scan.

ImAy . = & e
29 and 1% ith ryag = Frag fixed to 0.05 an |)\ts:;1|g =

When the same samples are fitted letting f‘ € ezl
al ag

—Ztas — 06 (fit configuration 2), we obtain the mean residuals and RMS listed in table 122 |dtye effect

on Imz has disappeared here, at the price of an increase in itstitaltierror (from 0.013 to 0.019). The effect

on 'ﬂég"’ seems to be also reduced. The mean biases and statistichlakall the other parameters remain

5The Am mean residual should be compared to the mean residual whBCKi effects are generated, abou€022. This small
bias is known to be due to the simultaneous extractioinfvith the CPT parameters. When CPT is assumed to be a good gyynme

this small effect goes away. B
6 = Re\flav R&\flav  IMAgjay IMAflav
rflav: rflav: |)\flav‘ ! ‘}\ﬂa\/l ! P‘flavl d |)\f|av‘

are all fixed to zero.
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basically unchanged. The RMS f ‘alg and 'RA‘alg is 0.32.
tag

fe | Am | AT/C | la/p] | figgRer | R | Ime
0 0.0018| 0.0014 | 0.0013| -0.0253 | -0.0074| -0.0009
/2 | 0.0021| 0.0025 | -0.0003| -0.0080 | 0.0079 | -0.0017
m 0.0017| 0.0068 | -0.0002| 0.0252 | 0.0022 | 0.0020
3m/2 || 0.0019| -0.0076| 0.0007 | -0.0002 | 0.0092 | 0.0032

RMS || 0.0078| 0.054 | 0.013 0.056 0.069 | 0.019

Table 122: Mean residuals and RMS for fit configuration 2, taggide phase scan.

IMhag R R _ .
The same samples were also fitted w%‘a—g r; ‘alg, @:lg and ‘Aek ‘a‘g free andriag = frag fixed to 0.05 fit
tag tag

configuration 3). The mean residuals and RMS obtained are those summarizetle 123. The situation

for Fff‘cr Rez is now slightly better, at the price of an increase of itsistiaal precision. Théq/p | and I\T)\SIP

RMS’ are also slightly poorer. The RMS f Atjg and ™0 i5 0.32 as before, while it is 2.1 f ‘alg and

[Atag|
Re?\tag

T We observe that the sensitivity to the real parts in theitagsgide is poor.
ag

Bag | Am | AT/T | |o/p| | TRFRez| g | Imz

0 0.0010| 0.0013 | 0.0025| 0.0093 | -0.0121]| -0.0005
n/2 0.0017| 0.0055 | -0.0003| 0.0031 | 0.0005| -0.0016
1L 0.0004| 0.0089 | -0.0003| 0.0016 | 0.0058 | -0.0034
311/2 0.0019| -0.0051| -0.0014| -0.0098 | 0.0090| 0.0030

RMS || 0.0077| 0.054 | 0.017 0.065 0.070 | 0.019

Table 123: Mean residuals and RMS for fit configuration 3, ilaggide phase scan.

Results from tables 121, 122 and 123 confirm some of the eafi@ts discussed in the previous section:
i) Rez(Imz) is mainly correlated with the DCKM real(imaginary) paiiiythe effects omdmandAl’ are small,
iii) the effect on'&‘i‘gr is rather small, and comes mainly from the DCKM imaginarytgar

The above studies have been repeated but now generating ks [2ffects in the reconstructed side only
(flavor sample). The mean residuals and RMS obtained whergfittith configuration 1 are summarized in
table 124. We observe again a large offset oz but significantly smaller than in the previous case where
the DCKM effects were generated in the tagging side. No figgmit effects are observed in all the other
parameters. Comparing these results with those equivialéiné tagging side (table 121) we conclude that the
tagging side gives the largest systematic effect to thermhination of the CPT/CP/T/oscillation parameters.

The effect on Inz goes away ifml'j‘v, 'lr;:“a‘“ are also fitted, with 5y = I’y fixed to 0.05 {it configuration

4) (and all the other DCKM related parameters fixed to zeroyepsrted in table 125. The RMS f%

and 'KM"’"‘V is 0.32, as in the case of the tagging side. Wﬁgiéﬁ and T;’\ﬂ“""‘v were considered as additional
free parameters in the fit most of them failed, due to the metly poor sensitivity to these parameters (RMS

~ 10).

From these sensitivity studies we verified numerically tbatdires anticipated from the analytical study
described in section 2.2.6 concluding that the optimaleraffi between statistical precision and systematic
uncertainties due to Doubly-CKM-Suppressed decays regjtire introduction of 4 additional fit parameters
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Orav | Am | Ar/r | q/p| | BerRe| Mo | img

0 0.0021| 0.0052 | 0.0001| 0.0027 | 0.0050| 0.0051
/2 | 0.0040| 0.0006 | 0.0001 | -0.0094 | -0.0145| -0.0178

m 0.0031| -0.0056| -0.0011| 0.0031 | -0.0019| -0.0049
3m/2 || 0.0012| -0.0032| 0.0014 | -0.0001 | 0.0153 | 0.0202
RMS || 0.0078| 0.054 | 0.013 0.056 0.069 | 0.013

Table 124: Mean residuals and RMS for fit configuration 1, nstwicted (flavor sample) side phase scan.

Bflav H Am ‘ AT /T ‘ la/p| ‘TQEFRGZ‘ ||Tés|p ‘ Imz

0 0.0024| 0.0046 | -0.0003| 0.0007 | -0.0059| -0.0008
/2 || 0.0037| -0.0028| 0.0008 | -0.0056 | -0.0100| 0.0003

L1 0.0029| -0.0060| -0.0011| 0.0030 | -0.0027| 0.0005
3m/2 || 0.0012| 0.0015| 0.0008 | -0.0016 | 0.0118 | -0.0009
RMS || 0.0080| 0.053 | 0.013 0.056 0.069 | 0.014

Table 125: Mean residuals and RMS for fit configuration 4, nstwicted (flavor sample) side phase scan.

(in addition to the 6 CPT/T/CP and oscillation parametets},sines of the DCKM phases, 2 for the tagging
side and 2 for the reconstructed (flavor samgyeference fit configuration). It was verified for different
DCKM phase configurations that this fitting configurationyides unbiassed estimates for all the parameters,
and the quadratic errors reported by the fit give a good estimaf the statistical reach, within 10%. Table
126 summarizes the results obtained for a particular DCKNfigaration where all phases were generated to
beTt/2, with riag = rtag = r'tlav = 'flav = 0.05. The residual and quadratic error distributions are shiavigure

65. Table 127 summarizes the largest average correlatiefficionts among the physics parameters and any
DCKM parameter.

| am | arjr | jo/p| | BReRez | MM | imz

[Acp] [Acpl
Mean residual 0.0025| 0.0039| -0.0015| -0.0052 | 0.0101| 0.0002
Error mean residual || 0.0005| 0.0031| 0.0010| 0.0031 | 0.0045| 0.0017
RMS 0.008 | 0.052 | 0.016 0.052 | 0.071 | 0.028
Average quadratic errof 0.008 | 0.049 | 0.017 0.050 | 0.068 | 0.029

Table 126: Mean residuals, RMS and average quadratic emarthe reference fit configuration. The DCKM
phases were taken for this particular exercise toy with riag = rtag = I flav = Iflav = 0.05.

A.2 Effects from mistags

The feature described in the second paragraph of sectiow&s8verified fitting a common set of toy
Monte Carlo experiments fixingtag = rtag t0 0.05 and 0.10 (the samples were generated with 0.05).ré=igu
66 shows the perfect one-to-one correlation (up to numlediffrences) among the fitted results for all the
CPT/T/CP/oscillation parameters. In this exercise thkared imaginary parts in the tagging side were left free,
while only the imaginary parts in the reconstructed (fla@mple) side were considered as free parameters (real
parts were fixed to zero). For the same experiments/fits,di§drshows the rescaling of the mistag fractions
and the DCKM parameters in the tagging side.
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Figure 65: The residual and error (quadratic) distribwgtidor the CPT/CPT/T/oscillation parameters from
the reference fit configuration. The DCKM phases were takerthis particular exercise to be/2, with

lag = ﬂag =Tflay = flav = 0.05.
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Figure 66: Experiment-by-experiment comparison (scatedt difference) of the fitted results for all the
CPT/T/CP/oscillation parameters when the same toy Montdo@amples are fitted with different values of
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Figure 67: Experiment-by-experiment comparison (scatterratio) of the fitted results for the mistag fractions
(Kaon andNT1 tagging categories) and the DCKM parameters when the sayrnddate Carlo samples are
fitted with different values ofiag = rtag (0.05 and 0.10).
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Parameter Paramet#rAverage correlation coefficient

TmA
Imz flay 50
[Afiav]
IMAfjav 55
|)\flav‘
Im)\tag 53
tag|
Im)\tag '58
. [Atag|
IMAfiav IMAtag
Pra Pz 2
Im)\tag 10
_ Atag|
Im)\ﬂav Im)\tag 10
Aflav] D‘Lag‘
Im)\tag 76
[Magl
|m)\[ag Im)\tag 19
|)\tag| P\tag‘

Table 127: Largest{= 10%) correlations between the CPT/T/CP/oscillation patans and the DCKM pa-
rameters, for the reference fit configuration. The DCKM pbhasgere taken for this particular exercise to be
T[/Z, Wlth rtag - r_tag - rf|a\/ - r_f|av - 005

A.3 Multiple final states

In order to check that DCKM effects from semi-inclusive chels are always smaller than those from a
single channel (third paragraph of section 2.8), we geadrato different sets of toy Monte Carlo samples
(about 200 experiments each), similarly as described iticsed.1. In the first set each sample was split into
two same-sized sub-samples with phags/ ePag = 0,11/2,11,311/2, with Byeak= 1.85 fixed. In the second set
only one single channel was considered. To enhance the effewant to investigate, was generated to be 0.1
in the tagging side. No DCKM effects in the reconstructec gfthvor sample) were generated for this study.
Each sample was then fitted with the standard, single champebach, and then we compared the results for
the two-channel and single-channel samples. The meanuasidf the fit results are shown in tables 128 and
129, for the two and single channel case. From the compad&tirese two tables we conclude that the biases
in the two-channel case are about the average of the biagedlie samples generated with a single channel.
The worse case (largest bias) in the case of a single chammdlvays larger than any of the two-channels
configurations.

2.49+0.57)-10°3
2.62+0.55)-10°3

04+42)-103

23+13)-10°3 (0.8+4.1)-10°3 (87+53)-10% | (-0.6+1.3)-10°3
44+40)-10°3

094+13)-10% | (303+038)-102 | (38+53).10° | (-1.8+£13)-10°3

Fgbhg || am |  ar | dwel | RERe | R | me
0/7% (267+055)-10° | (—4.8+3.7)-103 | (-1.4+13)-10 3 | (-4.27+£037)-10° | (3.7+4.9)-10°° (09+1.4)-10°3
o/m (294+059)-10°% | (27+£36)-10° | (-1.34+13)-10% | (-56+45)-10°3 (5.7+4.8)-10°3 (0.8+15).10°3
0/3n (1.86+£0.56)-102% | (27+£3.8)-10° | (-1.2+13)-103 | (-1.87+£0.40)-102 | (-5.0+4.7)-103 | (-0.24+15)-10°3
Jim (153+0.53)-10°% | (42+4.2)-10° | (-28+13)-10°3 | (1.34+0.40)-102 (0.9+4.1)-10°3 (14+12)-10°3
( ( (=
( ( (=

Table 128: Mean residuals with error from about 200 toy M@#eo experiments generated with two channels
in the tagging sider{zg was generated to be 0.1).
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ImAcp

Biag | Am | ar/r | [9/p| | SerRe | Peo | Imz
0 (3.62+0.60)-10 % | (-57+4.0)-10 ° | (-0.7+1.3).10 3 | (-4.87+0.35)-102 | (23£53)-10° | (-1.0+14)-10°3
I (1.66+£0.61)-103 | (14+3.9)-10°% | (-1.9+1.2)-10°3 | (-1.98+0.38)-102 | (6.5+4.6)-10°3 (0.0+1.4)-10°3
13 (2.83+0.59)-10°% | (—2.843.7)-103% | (-45+13)-10% | (5.2740.34)-10°2 (32+47)-10°3 (11+14)-10°3
3m || (203+057)-10°% | (-25+37)-10°% | (-25+1.2)-10% | (1.32+£041)-102 | (-1.2+4.8)-10° | (-0.3+1.4).10°3

Table 129: Mean residuals with error from about 200 toy Mddéelo experiments generated with one single
channel in the tagging side{y was generated to be 0.1).
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B Time-integrated constraints for the extraction of the B°B® reconstruction
and tagging efficiency differences

As it was originally proposed in [14], the differences indaw and reconstruction efficiencies can be
determined using time-integrated data. The method prabosents the numbers of events with the various
tagging categories and the events that are untagged inghestatisticB+ 5y Sample, and then they are extrap-
olated to theBcp samples. This method does not spoil the statistical patisiile the associated systematic
uncertainties will be under control.

Integrating over—o < At < 4o equation (97) for the most general case, we obtain:

Bt flav

(1 HG)TG(VVG AVVU/Z) BtagB(f)Iav}

Hgtoagg(f)lav - (1 V){(1+H)Ta(l \Nu AVVG/Z) BPE?Iav+
(L )T (W~ &WF/DHgo o}

_ &\ T9(1 —

Mo oo = (1+v){(l H)TE (1— W+ AW /2)Hgo o +
(1+ )T (W + AW /2)Hgp go }

HEtgagE?laV = (1 V) (1 IJ )Ta(l V\/u—i-AVVu/Z) E?agE(f)lav—i_
(L) TO (W 0P /2)Heg o |

Hr?otagﬁlav - (1+V){[1_Ta(1+u)]HBtoagB(f)lav+

a

[1—T (1 u )] Hgtoag flav}

HE g = (1- v){[l T(L4+ )] Hyg g+
LT g, } (138)

wherev, U andT® where defined in equations (93), (94), (95) and (96); ldrd, = [ hyk, (At)dAt, where
hi,k, (At) was given in equation (53). Onit odd terms of (53) are relevant (the even terms cancel ou. Th
above expressions have been normalized for a reconstefficiencyR = 1.

We form now combinations of the above quantities:

Ho — HS

HY _
any tagh,., +Hzo

0 0
B‘ Blav BtangIav

(1+v)T% | (1+ ) Hgg go + (1= H)Hg0 oo

Btag flav

(139)
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HS = H% o, +H% L

any ta@cf)lav BPangIav BragBflav -
a o (of
(1— V)T |:(1+ H )HB?aggcf)lav T (1 —H )Hgtoagg‘?lav} (140)
Hg(f)lav - Hr?o tag@lav * Hgny tagglav -
(1+ V) |:HBangB(f)lav T HEthgB(f)lav:| (141)
a _ a a —
HE(f)Iav N Hno tagB(f)lav + Hany ta@cf)lav N
(l B V) |:HBtoagE(f)lav + HEthgE?Iav] (142)
or equivalently,
x = (1+V)TO[(1+p)at (1— po)b] (143)
y = (1-v)TH[A+p")e+ (1-ph)d] (144)
z+x = (1+v)(a+Db) (145)
w+y = (1-v)(c+d) (146)
where
a= HBIoagB(f)Iav ’ b - HEthgB(f)lav ’ €= HB?agE(f)lav ’ d - H_OaQE?Iav
— a _ a _ a _ a
X= Hany tag@lav ’ y - Hany ta@cf)lav ’ 2= Hno taggls\v ’ W= Hno ta@B(f)lav '
Equations (143), (144), (145) and (146) can be worked oubtaiov, u® andT?:
_ 1@EX)(etd)— (wy)(@+h) 147

2 (a+Db)(c+d)

o _ X1-v)(c+d)—-y(1+v)(a+b)
H T Ja @b —x1-v)c—d) (148)

1 x(c—d)(1-v)—ya—b)(1+v)
T = 14
1—(v)? 2(bc—da) (149)
These expressions are also valid whenAheesolution is considered. Let us note the reuse of eventsein t
evaluation of, i* andT?: for each tagging category it is required the number of tdggyents in that category
together with the excluded events (events tagged by othegaaes plus the untagged events).
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