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e Outline

* Detector status and operations 1n 2011
(and 2012)

* Physics Results

* Recent highlights + prospects for the
Winter Conferences,
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Integrated Luminosity (1/fb)
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2011 Running
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— [0 FULLY ON: 90.7 (%) : ® Delivered Lumi: 1.2195 /fb

— ([ Hveose)

— | [ VELO Safety: 0.9 (%) ® Recorded Lumi: 1.1067 /fb

| I pAQ: 4.0 (%) :

__ - DeadTime: 3.8 (0/0) .......\.,......................k.....n..............................- ....................

B 1.1 fb’! on tape

~ March October
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1700 1800 1900 2000 2100 2200

LHC Fill Number

Data taking efficiency close to 91 %
including data quality



e 2011 Running

800
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Peak luminosity/fill LHCb Technical Proposal :
____________________ .| l4TeV,v=04

107 s @ <L>=2 x 10%? cm~s”!
with 2622 bunches = 2 fb-!/year
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&% LHCDb 2012 data taking

LHC running conditions

* 4 TeV (b-bbar cross section increases by ~ 15%)

« L~410% cm2s

« Bunch spacing 50 ns (ok, pileup is not an issue for LHCb)

 LHC crossing angle in LHCDb in the vertical plane (fully symmetric
with magnet swaps) - useful for future (when spacing=25 ns)

LHCDb running conditions
« Keep detector efficiency and data quality high
* LO output ~ 1 MHz (maximum allowed)
* HLT output ~ 3 kHz (or more, with enhanced farm [+10%] and
better HLT trigger)
- increase in yields of charm and in hadronic channels

Considering the experience of 2011 - target of = 1.5/fb on tape in 2012
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cand. (not corrected for efficiency)

Candidates/(25 MeV/c?)

- LHCb

- Preliminary

% s=7TeV [}
ifL:BZA pb' f
\ 3

&

T IO ot L TP A b e PP IO I
00 8500 9000 9500 10000 10500 11000 11500 12000

M(wu) (MeV/c?)

utu’) [GeV/c?]




B mesons mass resolution

400 1
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5005-- 50
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e In other words...

b cross-section

m4n
LHCbH-CONFE-2011-033;
B - Jiy K* -~
Eur. Phys. J. C71: (1645) 2011
b - Iy X |

Phys. Lett. B693 (69-80) 2010

Semi-leptonics

Average 245.61 £ 28.90 ub e

100 150 200 250 300 350 400
b cross-section [pb]

x10°

1600
LHCb Preliminary

T I T T T T I T T T T

AV JTITREA
S % \s=7TeV,L=243pb" 1

¥ N =5.08e+07 =

Signal

2 6 =14.6 MeV/c?
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.
TR ALTT N SO TR TS|
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* 10! b decays in our acceptance
e 102D decays in our acceptance

e 2 X 108 inclusive J/y triggers on tape
for the full dataset !

—+— Data

— Total PDF
--- A} Signal
[ pinm*n Refi.
] comb. Back.

" LHCb

N
o

- 2010

6 body mode
A=A TITITT

Candidates / (10 MeV/c?)

N
o

055400 5600 5800

Mass (MeV/c?)

Huge samples on tape for data mining !



e In other words...

b cross-section
in4n * 10'"'b decays in our acceptance

LHCb-CONE-2011-033;

B* - Iy K*

. Eur.?Phys J C71: (1645) 2011 e 102D decays in our acceptance

Phys. Lett. B693 (69-80) 2010

Semi-leptonics

e 2 X 108 inclusive J/y triggers on tape
Average 245.61 28.90 b = for the full dataset !

100 150 200 250 300 350 400
b cross-section [pb]

Preliminary

x10° <
1600__ T T T T T T I T T T T = § L 525 pb 1 + D.ata
C J/ 9 ] > - — Signal + Back.
1400 \lj H“’ ++4  LHCb Preliminary ] = & e AD Signal
F W Ns=7TeV,L=243pb" 2 3000 LHCh | ng Mass Back
1200 R Ny = 5086407 2 [ 0 A K
®
>
L

R 6 =14.6 MeV/c? Il Comb. Back.

1000

800 2000

2011: 2 x more
A,/pb! than 2010
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400

llIlIIIlIIII]IIIIIIlIIIl

1000
200, F

%
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59100 5500 5600 5700 5800 5900

.. Mass (MeV/c?)
Huge samples on tape for data mining ! e



(RiES 2011 Reprocessing

Running reprocessing jobs, by site
8 Weeks from Week 38 of 2011 to Week 47 of 2011

2011 data reprocessed

completed in 8 weeks N
Start October End November
15,000 |- .
é 10,000
5,000

2011-10-01 2011-10-08 2011-10-15 20
Max: 19,413, Average: 5,030

B LCG.IN2P3.fr 17.1% B LCG Krakow.pl 29% [@O LCG.USC.es 0.7%
B LCG.GRIDKA.de 15.4% [ LCG.CNAF-T2.it 22% [ LCG.SINPru 0.7%
B LCG.CNAF.it 11.7% @O LCG.CERN.ch 2.1% @ LCG.Barcelona.es 0.6%
O LCG.RAL.uk 9.2% W LCG.IN2P3-T2.fr 17% [O LCG.Legnaro.it 0.5%
B LCG.NIKHEF.nl 7.5% @ LCG.Pisa.it 17% @ LCG.CPPM.fr 0.5%
W LCG.SARA.nI 6.8% [ LCG.LAPPfr 13% B LCG.GLASGOW.uk 0.4%
@ LCG.PIC.es 5.3% @ DIRAC.YANDEX.ru 11% @ LCG.LPC.fr 0.4%
B LCG.Manchester.uk 48% B LCG.Liverpool.uk 10% [J LCG.JINR.ru 0.3%
B LCG.UKI-LT2-QMUL.uk 29% B LCG.LALfr 0.8% ... plus 6 more

Generated on 2011-11-25 07:46:26 UTC

CERN not used for reprocessing (dedicated to processing incoming data)
Around 25 % of reprocessing jobs ran on Tier 2 sites
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2011 Reprocessing

Running reprocessing jobs, by site

8 Weeks from Week 39 of 2011 to Week 47 of 2011

LEG GRIDKA de

W LCG.IN2P3.fr 47587.3 r

[ g 386412

a it 34634 7

Lo e B LCG RAL uk 29176.0

....... e e e e e e e e e e ] 8 LCG NIKHEF nl 23032.1

1 B LCG.SARAnl 20586.3

LCGW!P}: LCG.PICes 173599

f LCG Manchesteruk 109345

Liverpool Manchester | 8 G Hancres 02345

g 8 LCGUKLLT2-OMUL uk  7827.6

B LCG CNAFT2 it 63193

O LCG CERN.ch 5040.6

B LCGINZPIT2AF 4595.1

B LCG Pisa it 38853

G LAPPfr 3803.2

G Liverpool uk 2530

INIKHEF. ni

G Krakow.
X4 LG Manchester o ™™

Reprocessing
At Tier 2

Tier 2 sites grouped 1n to ‘clouds’, attached to a Tier 1 Reledils
Data shipped to from Tier 1 to 2 where job ran

11



e Physics Results

12

Expect many new and updated results with the full reprocessed
2011 dataset (~1.1 fb!) for the Winter Conferences

* Today highlights from analyses based on 2010 dataset (40 pb™!) and early
2011 (~ 300 - 600 pb!)

 Ledto 67 conference contributions
* Already yielded 20 papers submitted to journals

* Expect another ~ 20 papers more by early this year 2012



e Physics Results

LHCDb designed to search for New Physics in flavour sector: Probe
the effect of New Particles 1n loop processes

1. Quarkonia

1. Heavy b baryons

2. ¢, and CP violation in B, mixing, etc...
3. Rare decays

4. AA(CP) and evidence for CP violation in charm



LHCD
! )

LHCDb is not only flavor physics ...

Search for exotic qq bound states:

X(3872), Z, etc...

Lepton Charge Asymmetry

Events/2 MeV/c?

§§ F L HCb prehmmary 371 pb1 o E
'00.4— -
S8 .
L P T S 1
§|£02F . -
_8 % o —— ]
[ NNLO predictions (DYNNLO) T
0 2: MSTWO8 ]
-0.2 ABKMO0S -
- JRO9 'ﬂ*& .
L | 2010 Data i
0.4:‘ =

-0.6{ Atlas & Cms LHCb

0 ‘| 2 3

Lepton Pseudorapidity

1600 Heo
C Preliminary
1400—Vs = 7 TeV Data

1200

1000

800

600

400

200 Same 51gn background
o L 1 1 1 I L 1 1 'l
3600 3700 3800 3900
M(J/y ©* ') [MeV/c ]

Studies of Electroweak phenomena:
W charge asymmetry for PDF
Determination

in a range complementary to GDP

+ quarkonia, charm spectroscopy, soft QCD, long lived particles, Majorana neutrinos ...

14



e Quarkonia

Study of quarkonia production provide important tests of NRQCD

Published results on 2010 data on J/y production and observation of double
JAy production

* y(2S) cross-section New results
today

* . production ratio using . = J/yy

15
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* Now extended to include b = y(2S) X

* Paper in preparation

T prompt (P(25))
o (1 (25))

1.41 +0.01 +0.12+02
0.25 + 0.01 + 0.02

9 (nb/GeV/

eV, 2<y<45

102

wwwwwwwwwwwwwwwwwwwwwwwwwwwwwwwww

Quarkonia: y(2S)

* Results for prompt y(2S) presented at Summer
conferences (LHCb-CONF-2011-026), pt <16 G

FONLL
. —e— (2S) from b

L LHCb
F \s=7TeV

Inclusive b = J/y and y(2S) can be used to extract B(b = y(25) X)

B(b — ¥(29)X) = (2.71 £ 0.17 (stat, syst) £ 0.24 (BR)) x 1073
Good agreement with CMS-BPH-10-014
B(b — 1(25)X) = (3.08 £ 0.18 (stat, syst) + 0.42 (BR)) x 10~ [CMS]

B(b — (28)X) = (4.8 £2.4) x 10*[PDG]

16



LHCD

[

cand. [ 4.7 MeV/c?]

17

0(Xes)

o(Xer)

Quarkonia: v,

Test of production mechanism

2010 result based on with photons reconstructed using the calorimeter
(LHCb-CONF-2011-020, paper to be submitted soon)

2011 analysis using converted photons, lower statistics, but
peaks distinguishable by eye

600

500

400

300

200

100

.
.
"
.
.
.
.

b G
.
-

LHCb Preliminary
\s=7TeV L =370pb"

LHCb Preliminary

\Ns=7TeV L=~370pb’

—— LHCb (2011)
LHCb (2010)
—&— CDF

= chicGen
[_J NLO NRQCD

j o m(ut i ete’ ) - m(uty) [ GeVi/c? 1'7 . %
OQH gﬁx@ ﬁHxHﬂ 4 %tb# Al %ﬂﬁ# 4 ﬁu# - ﬁwﬂ#ﬂﬂ
(T TR g 1 L .
E 1 TR S % 4 6 8 10 12 14
- 025 03 035 04 045 05 055 06 065 P; of JAp [GeV/c]

Result consistent with 2010 photon analysis



e Heavy b baryons

18

B(A) — D°pK ™)

_ _ +0.011
Rompic- = 5 AT Dipr )~ 0.112 £ 0.019 19011

<

|||' é" L,.= 333 pb”
l\ ii. e

9
ﬂ!il
IRIPR &

KSK55R

Dataset contains large samples of heavy J=1/2 b Baryons 3b
baryons Ay, Ey, Q, Zbbeg i Zpb b
Wealth of measurements (masses, 1 b
lifetimes, branching ratios, CP
asymmetries, ..)
0b
~ Op————— T
. LHCb 1 A%, DK si
§ 80F Preliminary /:\,‘:’:—> 3025-:;322: : 0
D gof ver7Tevose | AL Dpr bk EPS results, observation A,=» DpK
; g [ Low-mass A bkg.
u,_) 60§ g £ Random bkg.
< 50
2]
c
(]
>
Ll

\ "‘a{ ¢!
:3 TRy

10 LHCb-CONF-2011-036 ¢
RGN SRR

5400 5600 5800 6000 Paper to follow based on full dataset
M(D°pK’) (MeV/c?)

m(Zy) — m(AY) = (181.8 £ 5.5+ 0.5) MeV/c*




e =~ and Q- baryons

19

First observations of &, and Q, baryons were made by CDF and DO

Measured mass for =, are in good
agreement

Large discrepancy for Q, (CDF vs DO0)

First LHCD study (building
on b-hadron mass measurements in
LHCb-CONF-2011-27)

)
S#_ \ b

=

A= —_—

/8 \ a

w

Measured and Predicted Masses
for the =, and Q,

Jenkins (PRD 77,034012(2008))

Lewis et al, (PRD 79,014502(2009))
Karliner et al, (Ann. Phys. 324,2(2008))
Systematic Uncertainties

- a CDF
—b sogees DO — PRL 99, 052001

I|F|II||III|IIll|llllllllll||II|II!|II!|

5.7 5.72 5.74 5.76 5.78 5.8 582 584 586 5.88 59

Q4 _a— CDF

b DO — PRL 101, 232002 puugges

P lobere o b Lo b b Lo Laaad
6 6.02 6.04 6.06 608 6.1 6.12 6.14 6.16 6.18 6.2

Il 2
GeV/c

Theory




e =, and €, - baryons

Events / (10 MeV/c?)

Events / ( 20 MeV/c? )

a0f Preliminary
wk. Ep =y E ,
of M(Z, ) =5796.5+ 1.2 (stat) £1.2 (syst) MeV/c
251
17221294 | M(Q,)=6050.3 +4.5 (stat) £ 2.2 (syst) MeV/c*
events
: World best measurements
5%00 5650 5700 5750 5800 5850 5900 5950 6000 6050 6100
5 —>Jy = (MeVic?)
CDF [2009]
" LHCb
12 Preliminary 13 9_|_45 LHCb Preliminary [2011]
o Ko J_38
events New average 6051.7 = 4.0
8-
o ’ 6030 ébis’s' 6040 6045 6050 6055 so:(ao 60:65 6070
I J ‘ } } Q, Mass [MeV/c?]
ULLILLL I Hl m l LHCDb resolves €, anomaly in favour of CDF
5%00 5700 5800 5900 6000 6100 6200 6300 6400 6500 6600

Q, = Jhy @ (MeV/c?)



&s CP violation in B, decays: ¢,

-,
B > f Study the CP violation in interference between
/ decay and mixing in B, decays
(DM (DD
B Observable phase ¢, = @, - 2 O,

In the Standard Model expected to be small
¢, = - 0.036 radian

New Physics can modify and enhance ¢,

e Golden mode: B, = J/y ¢
e Vector-Vector final state: Admixture of CP

eigenstates: Angular analysis needed

e LP Analysis with ~350 pb-!, 8000 cand.

_, ® Side-analysis: Amg world’s best measured



LHCD (I)S

I = — B—J/
o oLF 'LHCb Prefiminary [ ' S Vo
L S Ns=7TeV, L-337 pb"’ Solution 1 ..'?-'—T-'...
Ly L I\
< o ATHbiEHiy: 7 ( /\ Correlation between
r (0, T — ¢, AT, —> —AT,) QM T ¢§ and width
o difference of the B,
e e s cigenstaes
: :.‘/ p— . === 05%C.L.(3W0. + 5y351) —> PlOt Contours
01 \ } in (¢, vs AI')) plane
: RN\ ts
0.2F-Soution 2 - LHCb-CONF-2011-049
: | 2 2 2 1 N 2 2 1
-4 -2

02" [rad]
¢s = 0.13 £ 0.18(stat) £ 0.07(syst) rad

ATy = 0.123 £ 0.029(stat) + 0.011(syst) rad Papers on this and the

B—J/ w10 mode will
be submitted soon

22



&g .. Ambiguity Resolution
Use few % S wave KK present in the sample

(Q,AE,&I‘ _5095L —@),55 _50) <> (7Z—¢S,—A1_;,5() _@\97[4'@) _5L950 _53)

K*K- P-wave:
Phase of Breit-Wigner

increases rapidly across 2
$(1020) resonance

---------------------------------------
semaw
_______
-
-

(Rad)
w

IIIIIIIIIIIIIII

strong phase

K*K" S-wave:

Phase of Flatté amplitude
for £,(980) relatively flat
(stmilar for non-resonance)

.
-®

----------

S - P wave

LY. Xie ctal., JHEP 0909:074, 2009]

l 1 L 1 l 1 1 L
1000 1020 1040 1060 1080 1100 1120
KK invariant mass (MeV)

Choose the solution with a decreasing trend of d.- 0p vs myy 1n the
$¢(1020) mass region

Similar to Babar measurement of sign of cos(2f3), PRD 71, 032005 (2007)

23
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¢.: Ambiguity Resolution

24

Background
> subtracted m(KK) New!
S - _.1\-.-
£E LHew - i Dataset used for the LP result (350 pb™!),
5 ~ " open up m(KK) mass cut
2 + -+
- i Perform analysis in four bins of
ot 1 m(KK) and extract phase dependence
;Sl)ﬂl - l1010{; = 10110. = ‘ll!]2l)l = l10l30 = 1‘Il)ldl?ll = l‘|050
Mk (MeV) Mgk interval ;\'rsig ;\"b;\,g. I‘;)
. ) (988, 1008) MeV | 251 £ 21 | 1675 £ 43 | 0.700
g2 E lo — (1008, 1020) MeV | 4569 + 70 | 2002 +49 | 0.952
“ s 20 3 (1020, 1032) MeV | 3952 + 66 | 2244 + 51 | 0.938
= ' 1032, 1050) MeV | 726 34 | 3442 +62 | 0.76
oF : g ; (1032, 1050) MeV | 726 £ 34 442 + 6 (64
AE 1 — solution |
2F
= 'j] _ — solution II
| = AL |—*—|
£ ; Solution I displays the expected
S decreasing trend
001000 1010 1020 1030 1040 1050

My, (MeV)




LHCD

[

.r

g 0.2

[_‘V’

< o1
0
0.1
0.2

25

¢.: Ambiguity Resolution

' Y Y ﬁ ﬁ
LHCb Preliminary New!
\Ns =7 TeV, L~ 337 pb”' / ""*\
. S— ,/0.:
e 63% C.L. (3901, + 3y51)
— Q0% C.L. (5401, + 5y31)
= = = 05% C.L.(sW01. + 5ys1)
| | a |
- e I D
¢_ " [rad]
Data favour the Standard Model solution
Paper in

preparation



&g 9.+ related topics: Outlook

Results expected for Winter Conferences %ol LHOD Prtiminary
g_ | L=340pb"”
Swl M
Updates on ¢, in B¢—>J/y¢ and Ba—>J/yfd  “.¢
40:—
For Bc—J/y$ precision of 0.1 expected _F LHCb-CONF-
L 2011-052
. 0 e o w3 r v r 2t b e et ‘ S
Update of Triple product asymmetry SR .
in analysis in B¢—¢¢ 7002

. . 0.25% statistical '
Semi-leptonics 0 ‘

precision 0 L
Is Standard Model ¢, like compatible with

« Standard Model

DO asl measurement ? -0.02| ] B Factory W.A.
D@ B.—uDX
: : : B Do AL
Time integrated method to extract as; using oa|  DOATISECL.
B, = D (¢17) pv X being studied. D@, 9.0
-0.04 -0.02 0 0.02

d
26 4



LHCD

27

Towards the measurement of y (tree diagrams)

~
o~

Time integrated ADS method
(B=>DK, interference between
B and D suppressed decay modes)

Very small branching ratio: ~ 107

LHCDb data: world best

D Kt KA

v N P 2011
K\Db SCLIMINARY

" BaBar_

PHRD 82 (2010) 072006

Belle
PHL 108 {2011) 231803

CDF

—

PLHC201 1:preliminar¢

LHCb
EPS 2071 preliminary

Average
HFAG

—e—

_*_q

——

= Py ~n ay +0.12
.86 = 0.47 -0 12

.af «0.04
-0.29 -C.20 -0.33

i .0.8240.44=0.09

: .0.30+0.17=0.02

0.46=0.13

AR A6 14 -2

14 08 06 04 02 0

02 04 O0A 0OR

LHCb Preliminary
251
-1
H L 343 pb
20f = ———
B~ - (K"n )pK~ +cc
15
10
0 l“;"‘:’;‘&"“7.”..‘:::‘.l.'l‘lll-l.”.-l;.:‘l.”l A A A I.I 1 A Ii " Il ' l. A
5100 5200 5300 5400 5500 5600 _ 5700
m(B) (MeV/cA2)

(B~ — fpK)-T(B" - fpK")

(B~ — fpK~)+T(Bt = fpKT)

Raps =(1.66 =+ 0.39 = 0.24) 102



LHCD |
BSY  Towards the measurement of y (loop diagrams)

* Measurement of time gm_ a we 3’— ey
integrated asymmetries in 1 ] T T T ':”_ - ':\ GeTom
B->hh decays g,mi ! ||| K E’_ M K-t

» 1stevidence of CP violationin | ™ ‘s "t f; 5\

B, system > _._k\ . m"“‘;‘..f \~_-__ﬁ
o.- v W : - o
_ B sk TR e S

« Best single measurement of ’

Acp (Bg) and new elementfor | [A:p (BY — K'r~) = —0.088 +0.011 + 0.008]
the Aqp “puzzle”

ey a0 - = 2,

L =

3 LHCb o LHCB

2 1w- Preliminary § Ve Praliminary

o..! 1 I TI M Ve T TV Dok

Kt

Kwon LP2011

— o — Belle
BaBar

L

)

€mmmmmmnn- TR =

AAgr = 0.127 4 0.022 (5.80 I o e s R R R R

LHCb —m— Ko . ( ) . Ko invarsnt mus | Galic’) K .WIHINM(GCW(‘%
prelim. by P. Chang @EPS 2011

CDF — = —

o Acp (B = n"K™) = 0.27 £ 0.08 £ 0.02
For LHCD result, see T. Gershon’s talk!

10 5 0 5 10
28 AC'P(%)

Next step: time dependent asymmetries




I

Helicity suppressed FCNC decay.
Small in Standard Model, but well predicted

I

B(Bs — ptp™) = (3240.2) x 107°
SM
B(By— ptp™)=(1.0£01) x 10710«

Sensitive to New Physics contributions: e.g. o
can be enhanced in Susy models with high tanf3

Result on 400 pb! (2010 + early 2011) willbe "¢
submitted to journal in next days

200 400 600 80 1000
M, [GeVic?)
29
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joo
o
q
T
=

\9

N I P PR IS PRI PR R L I
0 01 02 03 04 05 06 07 08 09 1
BDT

Boosted Decision tree combining = 1 3

geometric and kinematic information S o PR

10°F m Signal —§

Invariant mass: modelled for signal using 10k —o—— O Background |

~ 2 ; 3

Y and J/y. 6 ~ 25 MeV/c : : ]

) ' ""F LHCb E

> - : -

é, I | | L |
Ei

LHCb

Y resonances

Events / ( 20 MeV/c?)

400 pb™! (2010+ 2011)

B(B)— p*pp7)(2010 +-2011) < 1.2(1.4) x 107 at 90 % (95 %) Clnf|
B(B"— " p™)(2010 +2011) < 2.6(3.2) x 107 at 90% (95%) CL | |

-----

o o M 1 o M M o
. . 9‘600 9500 10000 10500 11000
30 Best upper limits to date m(uu) (MeV/c?)




LHCD

sk B, =» J M: Prospects

B(B. — u* ) Upper Limit at 95% C.L.

31

Aim to have a result using the full
2011 dataset for the Winter
conferences

Limit in case of the Standard
Model

If a signal exists at the SM level we
could have a 36 measurement

by the Winter conferences, certainly
by the end of the 2012 run.

if SM[10®]
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BO — KT

Flavour changing neutral current decay:
e Br(B°— K¥'1)=(33%1.0)x10°
Described by
® three angles: 0, §, By
® LW invariant mass: g2

Excellent probe of helicity structure of
New Physics

Esp. lepton forward-backward asymmet
A vs. q?

b =2 s(d) uw

Ara

¢ (GeV?)
W_.Altmannshofer et al. [JHEP 0901:019 (2009)]
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(S b => s(d) p'w

Results for the B, = K presented
At summer conferences based on
300 pb-! of data

[Paper appearing soon]

Worlds most precise determination
of forward backward asymmetry

33

Wealth of new measurements possible
for the Winter conferences:

New observables in B, = K'u"u (e.g.

Ar?)

Other modes e.g. B, = ¢uuw

iy
o

Theory W Binned theory
—o—-LHCb

c% e AT
O Preliminary
o
x 1
5
G
§ 0.5— +
©
LHCb CONF 2011 038
ol .
0 5 10 15 20
q2[GeV2/c‘]
1.0j“““““““““““““i
asg {
8- 00 ]
= ]

~0.5)

105,




e Radiative Penguins

Important goal of LHCb 1s to probe for NP through
1sospin and CP asymmetries in exclusive radiative
Penguins. e.g. 1s B,—oy

These modes profit from improved calorimeter calibration o

60 LHCb Preliminary Ng, = 210 21
W = 5361 MeV/c?
K*K’y
O, = 150 = 13 MeV/c?

s=7 TeV fL=340.1 pb’!
6~150 MeV

50

Events /(80)

40

Illllllllllll

30_

200 Tl _ Improved F T T T J

1of L HCb.CONF-2011.055 -5 calorimeter o . neees ]

L .50I00 — .55I00l — IBOIOOI Calibration _ifﬁ**;* i Tﬁfﬁfﬁé
M(K*K'y) (MeV/c?) o ==
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(S5 CP violation in Charm

CP-violating asymmetries in charm provide a unique probe of physics
beyond the Standard Model (SM)

* SM charm physics is (almost) CP conserving
» New Physics can enhance CP-violating observables

CP violation in charm not observed

CERN seminar (Des’2011), paper submitted to PRL

http://arxiv.org/abs/1112.0938
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(S5 CP violation in Charm

A () = N(D** — DO(f)x+) — N(D*~ — D°(f)r~) D flavour tagged with
T N(D = DO(f)mt) + N(D* — DO(f)r) slow pion from D*
Physics Detector Production
Araw(f)" = Acp(f) + Ap(f) + Ap(m) + Ap(D™)
I'kHz of trigger AAcp = Acp(K™K") — Acp(n '),
bandwidth

Apawr (KK — Apaw(m-1t)
allocated to charm raw ) Raw ( )

tg . ' ' % ' ' ' 1 1 1 |' ' 1
% 60000~ | HCb % LHCb atr
= 2 _
g i 210000— _
40000~ N |
8 B (7]
2 ks
£ £
s B c
"uannnn_ w 5000
1.4 million
candidates =TTl R i T SRR .
1840 1860 1880 1900 1820 1840 1860 1880 1900

m(K K*) (MeV/c?) m(wr*) (MeV/c?)
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(S5 CP violation in Charm

AAcp = (—0.82£0.21 £ 0.11)% First 3.5¢ evidence for CP
violation in charm sector!

—_ 6 T T 1
% [ LHecb : .
< ‘T 7 Analysis based on 60 %
o 4 of collected data. Update on
oby + [ { + | H | +_ full dataset for Winter Conferences.
FETPRE Y
: {» + ]  Inaddition parallel measurement
“r ] possible using semi-leptonic B
Bl decays to tag D flavour
Run block

Result stable over time different magnet polarities and changing cuts
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~a 0.02
'umo \ R A:cp ga:laar
: AA.p Belle
ﬁ0‘015 E \ 5, ¢ 7 AA, CDF
= . - A LHCb Prelim
0.01 \\ . Al, BaBar
0-005 \B%'BEW 7 'A]. Belle
S N
0 Qe
-0.005 | , S8
0.01 -_
-0.015 R
0.0 E.[%\m\1€|
) -6.02 -0.015-0.01-0.005 0 0.005 0.01 0.015 0.02

CP violation in Charm

AAcp = ACP(K_K+) — ACP(W_W+)

ir — At in
— [ab(K~K™) %a d

- a(cizizg(ﬂ_ﬂﬂ} + cp

Measure essentially direct CP

2010 LHCb study

ind
acp

Result attracting theoretical interest

of indirect CP violation
[LHCb-CONF-2011-046]

Before LHCb result consensus measurement at this level signified NP (Phys
Rev D75 (2007) 036008] )

Conclusion now being revisited (e.g arXiv:1111.5000 )
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Status of the LHCb Upgrade

April 2011: LOI submitted to LHCC: endorsement of physics case for the upgrade
June 2011: LHCC: positive evaluation of review of trigger strategy. “Go ahead” with TDR
work and request for intermediate assessment (“framework document”) due by mid 2012

“40 MHZz" upgrade scheme = higher bandwidth, fully software trigger = higher yields
 new FEE everywhere, but MUON

* new tracking layout

« new photo sensors on RICH

» software trigger (efficiency for hadronic channels ~ double)

» consolidation for OT — CALO - MUON

Goals:

« Operate the detector at <2 1033 cm-2s-1 @ LHC with 25ns spacing
« Start of upgraded LHCb: 2019

« Collect = 50/fb in 10 years with enhanced hadronic trigger

NOW: intense R&D ongoing to prepare TDR in 2013



e Summary

* Data mining of the huge 2011 dataset started

* Not just B 4 also B, and b baryons

* Not just charged: first results with photon/calorimeter modes
* Many new results for the Winter conferences

* + papers on results from the Summer

* Thanks to the machine for giving us precious (BEAUTY ful) data
(almost every day)

* Already working on a possible upgrade of LHCb

40



e Backup
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B - K*y and Bs — ¢y

» First analysis with calorimetric objects
» First studies of radiative Penguins at
an hadronic machine

Largest Bs— ¢ Y signal, measure:

B(BO—>KEOY) B
B(Bso_’(W) = 1.52x 0.15(gat) £ 0.10(syst) £ 0.12(fs/ fy)

SCET predicts 1.0 £ 0.2 for this ratio

[Ali et al., EP] C55:577 (2008)]

« Large improvement on mass resolution with
latest ECAL calibration: 150 MeV - 100 MeV

* Next step: measure CP asymmetries




The “beauty” of charm

» LHCDb can profit of the huge charm production cross section at the LHC (~6 mb):
1 kHz out of 3 kHz of the HLT output are dedicated to charm

« Complication: evaluate production asymmetry coming from initial pp state

Indirect CPV Ar: Mixing parameter yp:

compare D? and D9—KK lifetimes compare lifetime of D°—CP-eigenstate, (KK

[tagged samples] or TrT), to D°—non-eigenstate (K1)
[untagged samples]

An — 7D - K~-Kt)—7(D° - KtK™) | B T(K 7") !
"TID S K-KH) 4+ 7(DY — KYK-) yop = T(KTK~) B
Results presented at EPS, based ONLY on 2010 data (~35 pb-T)
Ar = (—0.59 + 0.59 + 0.21)% yop = (0.55 + 0.63 + 0.41)%

c.f. WA of (0.12 +£0.25)% c.f. WA of (1.11 £ 0.22)%
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Evidence of CP violation in charm decays

« Measure CP asymmetry in Time Integrated D% hh decays

_T(D° > f)-I(D —f) f = KK or nn

Acr(f)

soft

= — 0 * 0

Araw(f) =[Acp(£) %+[AD (m,) + [4p(D**)
A /~ N/

Physics CP asymmetry

Production asymmetry
<

Detection Detection asymmetry of
asymmetry of D° “slow” pions

(KK)-A

raw raw

(AAg, = A (727) = Acp (KK) = Acy (7m) |

In the difference A(KK)-A(nrt) the production and the © 4 asymmetries
cancel (at 15t order)




In first approximation, measuring AAqp at LHCb, means measuring direct CPV

1 MeV/c?)

60000

Entries /(0
&
o
8

AAcp

(K- K+)

KK
Yield
(1436+2)x10%

om (MeV/c®

LHCb

Yield 3
(381%+1)x1037

am (MeV/¢?)

)

The analysis (~0.6 /fb) takes into account
- Pt spectrum of mg 4

- n and L/R detector acceptance

- magnet polarities swaps

- run blocks, etc..

Fit of DACP value ompat in 216 “kinematic”
bins
- 3.5 s effect (ible with HFAG data) c

[AAC p = [—0.82 £ 0.21(stat.) & 0.11(sys.)] %}

[Significance: 3.50 ]

Next steps:

Update analysis with 1/fb
Complementary analysis with B->D
semileptonic tagging

Search for CPV in other charm decays



CPV in charm: theoretical framework
=a 0.02

o AA., BaBar
HCP 2011
<] 001 5 AA.p Belle
[ AA, CDF

F=JA, LHCb Prelim

[S5J A, BaBar
7 A, Belle

« CP violation in charm is (was) expected

to be very small: O(0.1%) or less 0.005 |
Grossman et al. [PRD 75, 036008 (2007)] -0.005
“If direct CP violation is at the 1% level, its -0.01

likely source is new physics. “

Grossman et al. [PRL 103, 071602 (2009)] 098 02 0.015-0.01-0.005 0 0.005 0.01 0.015 'io'doz
‘... any signal of CP violation requires new ph_ ace

« LHCDb result generated a lot of theoretical interest
A deeper analysis of current constraints (eg D mixing) suggests less strong statements

Isidori et al. (arXiv:1111.4987)
‘... a sufficient QCD enhancement of penguin matrix element cannot be excluded ...”

Brod et al. (arXiv:1111.5000)
‘... it is plausible that the standard model accounts for the measured value of AAgp ..."

46
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Status of the LHCb Upgrade

April 2011: LOI submitted to LHCC: endorsement of physics case for the upgrade
June 2011: LHCC: positive evaluation of review of trigger strategy. “Go ahead” with TDR
work and request for intermediate assessment (“framework document”) due by mid 2012

“40 MHZz" upgrade scheme = higher bandwidth, fully software trigger = higher yields
 new FEE everywhere, but MUON

* new tracking layout

« new photo sensors on RICH

» software trigger (efficiency for hadronic channels ~ double)

« consolidation for OT — CALO - MUON

Goals:

« Operate the detector at <2 1033 cm-2s-' @ LHC with 25ns spacing
« Start of upgraded LHCb: 2019

« Collect = 50/fb in 10 years with enhanced hadronic trigger

NOW: intense R&D ongoing to prepare TDR in 2013



e Radiation Effects

Current [mA]

48

Radiation effects in Velo

Doses of up to 0.6 x 10'* 1 Mev n,,

Mean current increases of 22 pA per fb-!

Clear type inversion at inner sensor edge for sensors close to
interaction point

Effective depletion\qltage vs fluence
AN
V)
g
E Cb VELO Preliminary
S
ke ‘ o
o
<} a
T
" . : . . . . \ . ) o
0 500 Delivered L 1000 ty [pb" % . " « *8°
elivere uminosi e ® . ® ]
" k TR Y
- L. '.'3' o
—&— 8-11mm
—— 11-16mm
\ | — —16-23mm
O\ ¢ —— 23-34mm
" Effects as expected + detector —e— 34-45mm
performance not effected L L1l L1l 111 |2|5| L1 |3|0| L1 |3|5| 11 |4|01

neq fluence

11 X1012
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CDF [2009]

DO [2007]

LHCb Preliminary [2011]
PDG average 5790.5 + 2.7

New average 5794.8 + 1.4

49

5750 5760 5770 5780 5790 5800 5810
= Mass [MeV/c?]



Status and perspectives of CPV measurements

Al (ps™)

w@‘ﬂ.oZ T T T
;_ Preliminary results overlaid O Dpo gfb!
E —— 68%CL [J coF s2fb o INIAIIN0E
;'_ :';"l + Standard Model Stat. e T e I e T T T T T T T
;_ .3\“ " on ly |« Standard Model
B — s - -0.02 | [_| B Factory W.A.
Q A ‘ | D@ B —»pDX
A | DO A}
- ~ s > b
E S . o004  DPPAI95%CL.
3 DG,90M" ‘ |
= S S RS S S S -0.04 -0.02 0.02
-3 -2 -1 0 1 2 3 a3

¢SJ/\|1¢ (rad)

* Previous tensions with SM observed by CDF and DO not
confirmed
* Ag result from DO to be tested soon by LHCb (with B, =

D(¢™) pv X )
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B(B. — u* w’) Upper Limit at 95% C.L. [10”]

B, =» J M: Prospects
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Exclusion background only case
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e Time in beam

Luminosity ramp>,,,; ~ 20min
210 fills * 20min / 0.46 x 107 sec = 5.5%
=>» Heavy luminosity inefficiency with short fills!
=>» Currently ~15min, continue to improve

20 _i ........................... ............ Entries 219 |
. |Mean 6.072
18 - ............ ]

RMS 5.28

. S S

16

14 &

. L

S S R SRR USSR R

......................................................................................................................................

B e B S B o« s cconnnnnnnnnnnas R e csnsnananssnenssnssnssssnesuensssssnseasaesasansusassusasassnyisinasesssasasanses

. W N T — [ Time in
L 11T il Beam/hr
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Events /(80)

B, =2 K’y

- v v ’ b | . bl s 1 | T T T | i
400F- LHCDb Preliminary Ny, = 1599 = 58
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(S5 Quarkonia: ¥y,

T T I T T T
LHCDb Preliminary
\s =7 TeV Data

y not converted

.........
=

1000 /\
0. el | 1 ) | 1 |

M(u* W v) - M(u* ) (MeV/c?)
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LHCD
Effect Uncertainty
Fiducial cut 0.01%
Peaking background asymmetry 0.04%
Fit procedure 0.08%
Multiple candidates 0.06%
Kinematic binning 0.02%
Total 0.11%

55

CP violation in charm

Systematics



e 2012 Running
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Aim to collect at least 1.5 fb-!: Realistic goal despite shorter running period

8 TeV then ~10-15% increase in b-bbar cross-section
Run at4 X 10*2¢m2s™! with luminosity levelling

Data with both magnet polarities: helped by move to
vertical external crossing angle

Aim to improve the running efficiency .
* Reduced deadtime, improved HLT farm performance

Long fills help us (takes ~ 15 minutes to ramp to full luminosity)



57

@ 99 % working
=¥ detector channels

Repair work scheduled during shutdown to return to 100 % efficiency

; 855% 65555%A %
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Detector Efficiency
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