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@ In the SSM, the conservation of R-parity symmetry forbids
operators that break lepton and baryon number. When
R-parity is not conserved, these operators can lead to the LSP
decay, single sparticle production, etc., having profound
implications in colliders searches and dark matter. In these
kind of scenarios most of the analysis have been carried out by
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Build a general framework based on a anomalous U(1)y flavor
symmetry, in which the allowed B/L violating couplings and their
relative sizes arise from generic considerations rather than from ad
hoc choices.
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Il Froggatt-Nielsen mechanism



Froggat-Nielsen mechanism

The approach to account for the fermion mass hierarchy is based in an

hypothetical U(1)y symmetry (at high energies) which is spontaneously

broken by vev of one flavon field S of horizontal charge H[S] = —1.
L= Qéf)(o)R + RS(_l) T+ TS(_l)u

& S S

Q R T u

At low energies: Leff ~ (%)n Qou = 0"Qdou,
n=nqg+ng+n,=2.

Charged fermion masses hierarchy

my:me:me~0%:0%:1,
my:ms:mp~0%:02:1,
me:m“:m7295:02:1,
Vi >~0, Vo~ 02,
with 6 ~ 0.22.
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@ Because Rp conservation LSP is stable and DM candidate.

@ However, either B or L violation can exist.



FN in SSM

Using a supersymmetric model extended by a anomalous U(1)y
flavor symmetry, is possible obtain either lepton or baryon number
violation, in addition to the fermion mass hierarchy.

The effective bilinear and trilinear R¢ terms are given by

MpO"e ng >0
Mo ™~ m3/2(9|”“| N, <0

0 n,, fractional
0™ ny > 0
AT ~ (m3/2/Mp)9|”*‘ ny, <0
0 ny fractional
ne, = Lo, + Hy, n,\:L,-—i—Lj—i—Ek.

To solve p problem = ng = —1.
Maximum magnitude for individual charges: |n| < 10.
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where it is used tan 8 ~ 6*73, with x = 0, 1,2, 3 to satisfy
phenomenological condition of tan 5 ~ (1,90).

@ 3 conditions from anomaly cancellation.



Standard model fields H—charges

In this stage, we have 13 conditions and 17 charges: we are left

with four parameters that we choose to be n; (i =1,2,3) and x
Mira, Nardi, Restrepo, Valle, PLB(ZOOO).

_ =3x(x+10) + (x+4)m + (x +7)n2 + (x +9)n3 — 67

@ = 15(x + 7)
[ 2(x + 1)(3x +22) — (2x +23)n — 2(x + 7)n2 + (13x + 97)n3
T 15(x + 7)
Ly = L3+ ny —n3, Li=L3+nm—n3
Hy = n3 — L3, Hy = —1—H,
uz3 = —Q3 — Hy, d3 = —Q3 — Hy + x
I3:—L3—Hd+x, Q1:3+QS
@ =2+ Qs, up =5+ 3
up =2+ us, d=1+ds
dx = ds, h=5—-nm+n+h

h=2—ny+ n3+ Ak,

Note that np = —1 = solution p problem.
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R, conserving operators

08 6> 63 04 03 63

=167 6* 62 hd =< | 93 02 02

6> 62 1 6 1 1
x+5 X+nm—m+2 x+n —n3

X+ 2 X4+ ny—n3

H[hé,-]: X—ni+m+5
X

X—n+n+5 x—n+n+2
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R, violating operators

Hlwi] = ni
A2l Aoz Aois X+m+6 X+ n +3 xX+N—-2n+1
H | As11 Az Asiz| = x+n3+6 x+N—-2m+3 x+nm+1
A1 Az Aoz x+N—-2nm+6 X+ nm+3 x+nm+1
X+n+5 x+n+4 x+n-+4
H[A;jk]: x+n+4 x+n+3 x+n-+3
x+n+2 x+n+1l x+n+1
A1 A A 6 3 1
H X5 A Asz| =6 3 1|+l
A A Az 5 2 0

where ny» = %(3x +nm +n+n3—1)and N = ny + na + n3.
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Choosing n; charges

Once n; are fractional it is obtained

o All /\:-jk are forbidden.

@ All A\jjc with repeated indexes are also forbidden.
Several possibilities

@ Choose the fractional n; charges such that all the L and B
violating terms in the superpotential also have fractional
charges. R, and Pg discrete symmetries respectively, are
obtained as remnants of a spontaneously broken U(1)4.

e If ny o3 not half-integers and ny» = (ny + o +n3 —1)/3
integer, we have only trilinear B violating terms \” in the
supersymmetric Lagrangian.
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Choosing n; charges

@ Models with only a single nonvanishing Aji and vanishing \”
couplings. In models in which there is an integer trilinear
charge ny and the charges nj, nix and nj, are not half-integers
only a single A coupling is allowed.

@ Models in which a single \ji and all the \” are nonvanishing.
As in the previous case ny;, must be an integer and in
addition the corresponding n, must be a half-integer as to
guarantee an integer N . Moreover, x and the resulting N
should conspire to yield a set of integer ny» charges.

@ Models with nonvanishing Ajjx and Aj;. These models result
once the ny,, is an integer and n; a half-integer. In this case
Ny, turn out to be an integer allowing the Aj; as required.
Nonvanishing Ajix and Aj; are also possible but never the
three couplings simultaneously.
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[l Lepton number violating models
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Lepton number violating model

For neutralino as gaugino pure and when the sleptons are heavy
and degenerate, the neutralino lifetime can be rewritten as

4 —23\ 2 3 5
2 x 104GeV A my,

To obtain such suppression, we need that \jj ~ (m3/2/Mp)9|"k‘.
N L

108

10712
10 16

107 20
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[V Baryon number violating models
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Baryon number violation

Once fixed n; charges such that p;, Ajx and )‘:'jk are forbidden, we

obtain i " " 6 3
112 212 312 0 0 0
Mis Moz Mg | ~ 0™ (00 6 0
>‘,1/23 >‘,2/23 Ag23 95 92 1

The most important constraint on X/, are from
neutron—antineutron oscillations and double nucleon decay,
requiring A1, <1077 and A5 < 107 for i ~ 200 GeV.

112 < 10_ )\/, < 910 = ny Z 4,
= My S04 <1073,
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Implications on collider searches

When R-parity conservation is assumed, the production of
supersymmetric particles is in pairs, and the LSP is stable.

R-parity violation allows for the single production of supersymmetric
particle and the decay of the LSP.

From the baryon number Rp violating terms, the LSP can decay directly
or indirectly to quarks, and depending on whether the mass of the LSP is
larger or smaller than the top quark mass, the top could be present on
the final states.

It is clear that A\j,5 coupling dominates over the other couplings, and the
third generation quarks are to be present in the final states.

Given that the LSP is no longer stable due to R parity violation, in
principle the LSP can be any supersymmetric particle: neutralinos,
charginos, squarks, sleptones and gluinos.
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Neutralino LSP

The lightest neutralino x can decay to three quarks through virtual
scalar exchange and the dominant decay mode will be y — tbs. If
the neutralino is lighter than top quark, then the dominant mode is
x — cbs. Therefore, horizontal symmetry allows for estimating
relations between different ratios of branching ratios.
e m, > m;. Dominated by 5,3, involving a top quark in the
final state.

Br(x — tdb)  Br(x — tds) 5
~ ~ 0° =~ 0.05.
Br(x — tsb)  Br(x — tsb)

e m, < m;. Dominated by \%,;.
Br(x — cdb)  Br(x — cds)
Br(x — csb) - Br(x — csb)
Br(x — usb)
Br(x — csb)

~ 6% ~ 0.05,

~ 0% ~1.5x%x 1074

In either case, neutralino decays are dominated by heavy flavors,
and should contain displaced vertices.
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Slepton LSP

A non-vanishing >‘§jlk coupling leads to a 4-body decay of the 7 or . The slepton
LSP has no direct decays to quarks mediated by )\f.fk couplings. Initially slepton LSP
decays via gauge couplings into a lepton and a virtual neutralino, then this indirectly
decays into three quarks via A" couplings. In the final states of ¥ () decay are

always involved a 7 (v+), an up quark and two down quarks of different generations.
° m? > my.
Br(T — Itdb)  Br(i — Itds)

! ~ ~ 6% ~ 0.05.
Br(/ — Itsb)  Br(/ — Itsb)

°m7<mt.

Br(/ — lcdb
Br(/ — lcsb
Br(/ — lusb

Br(1 — lcsb

Br(J
N r(~ — lcds) ~ 6% ~ 0.05,
Br(/ — lcsb)

~—

~ 0% ~1.5x%x 1074

~— |~— ~—
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Sbottom LSP, Stop LSP

Through direct decays, the sbottom can decay into an up quark
and a down quark.

("] mg > M.
Bi(i
Brib=>td) g 05,
Br(b — ts)
@ mp < my. In this point we have that b — cs is the dominant
decay.
Br(b — cd
(b= cd) g~ 0.0s,
Br(b — cs)
Br(b — us)

— - T %~ 1.1x1074
Br(b — cs)

Stops also can decay directly into a two down quarks of different
generations through the )\’3’jk coupling.
Br(t — bd)  Br(t — sd)

~ ~ ~ ~ 02 ~ 005
Br(t — bs)  Br(t — bs)
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Neutrino mass

It is not possible to obtain a consistent model with neutrino masses and
with only trilinear baryon number violating couplings if we only consider
one field which has H-charge —1. Therefore, it must be added to the
model one new singlet superfield charged under U(1)y: V. The H—
charge of this superfield is fixed by new invariant diagrams for the Dirac
and Majorana mass terms.

111
M,~6°[1 1 1|, 1~0(1).
111
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V' Summary
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@ We have obtained a framework with minimal trilinear R-parity
violation, founding charge assignments that allow one single
or two A couplings.
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@ We have obtained a framework with minimal trilinear R-parity
violation, founding charge assignments that allow one single
or two A couplings.

@ We have studied the question about if it is possible obtain a
framework with baryon number violation. By using a U(1)y
horizontal gauge symmetry, we have found charge assignments
that allow all A" couplings, being A3; the dominant ones.

@ It is possible to obtain a neutrino matrix with a acceptable
phenomenological texture with the inclusion of one flavon
with fractional charge.

@ The ratio of branching ratios for the LSP have been analyzed.
Hence, it is possible to infer the main decay channels of the
LSP.
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Induced bilinear terms

The u; lead to a tree-level mixing between the neutrinos and
neutralinos which is not suppressed by Ms, inducing two body
decays of the lightest neutralino to gauge bosons and fermions.
The X\, X couplings induce p; in the low energy Lagrangian by
radiative corrections, even if they are set to zero at some high scale

_ Mo * / * Mx

o If \jz3 ~ 10_5, Myx = 1016 GeV = ,LL,'/,LLO ~ 10712,
Compare with 117/ ~ 10723 required to 7, ~ 10%s.
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Induced bilinear terms

The u; lead to a tree-level mixing between the neutrinos and
neutralinos which is not suppressed by Ms, inducing two body
decays of the lightest neutralino to gauge bosons and fermions.
The X\, X couplings induce p; in the low energy Lagrangian by
radiative corrections, even if they are set to zero at some high scale

_ Mo * / * Mx

o If \jz3 ~ 10_5, My = 1010 GeV = ,u,,'//J,o ~ 10712,
Compare with 117/ ~ 10723 required to 7, ~ 10%s.
@ The U(1)y symmetry automatically forbids all \’ the
corresponding non-diagonal hfk-
In this way, the horizontal symmetry in the context of split
supersymmetry can rescue the possibility to have leptonically
decaying dark matter as required to explain the cosmic-rays

anomalies.
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Positron fraction A =32 x 102, r, = 1.3 x 10% sec m, = 2038 GeV

° PAMELA
"""" A231
— 32
- A123
KH
+ 107} :
%
<
~—
+
KH
10_2 ‘ ‘ ‘
10° 10" 102 10°
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Electron + positron flux

10°
o ATIC
* Fermi
"""" 231
A132
A123
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Anomaly cancellation conditions

Anomalies generated by U(1)y
Ci=no+ Y [3Qi+5ui+3di+Li+20],
Co=no+ > [3Qi+ Li], G =) [2Qi + uj+di,
G-+ Y (@ -2+ - 3+ 8]

The anomaly cancellation of C, via GS mechanism gives following
three conditions:

G B ,
C2—5/3—0, G — G =0, Cl = 0.

g32 = g22 = %gf = canonical gauge unification.
np = —1 is a model prediction = solution to y problem.
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