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Non Zero r; mass
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Zero 11 mass
As = vges
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Zero 11 mass
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Inestable gravitino dark matter
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Inestable
neutralino discovery




arXiv:1206.3605 [PRD]
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Electroweak production
lU :‘ | L

o, [pb]: pp — SUSY
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Direct gaugino/higgsino/slepton
production may be the dominant
SUSY cross-section at the LHC

Tina Potter — SUSY 2013
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Sneutrino RPV decays
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Sneutrino LSP with €3 as a free parameter

A3T

Vg€s

1073

1074

107

[vi/val

10°

. |vgfvg| | -
(v /vy

1077

= |v3/vdl

lea /1l

107 10 107 10 10° 107



1 RPV decays with large €. my, ~ 300 GeV.
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Sneutrino LSP with €3 as a free parameter
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Tau-sneutrino novel decays. m; = 300 GeV
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Tau-sneutrino novel decays. m; = 300 GeV
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Tau-sneutrino novel decays. m; = 300 GeV
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Tau-sneutrino novel decays. m; = 300 GeV
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Tau-sneutrino novel decays. m; = 300 GeV
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3 RPV decays with €3 = 1072 GeV
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BRpV

@ Gravitino does provide a viable radiatively decaying dark matter
particle, provided its mass and reheating temperature are bounded as
mz <1—10 GeV and T < 1078 GeV,

@ The properties of the LSP at LHC are fixed by neutrino physics.

@ In the tau or muon sneutrino cases, decay to different-flavor leptons is
possible if one of the neutrinos is massless.
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Fermion mass hierarchy in SUSY

Abelian horizontal symmetry with a single flavon for everything
o General framework
e MSSM (m, = 0, LSP stable)
@ Bilinear R-parity violation (m, # 0, LSP inestable)

@ Trilinear R-parity breaking (LSP inestable)

» Lepton number violation (m, # 0)
» Baryon number violation e, (m, = 0)
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Fermion mass hierarchy problem

In units of 6 ~ 0.22;
/A 2
~86° & 9L

~Y
my me

In supersymmetry get worst: 45 new “Yukawas'+ 3 p;
W = pia Loy + h§HuQillj + gk LaLgh + Ny LaQidk + Ny Tiidjd

i Nijk A;jk
lo=Hy «f,...=0,1,2,3, ij,...=1,23
@ 1 problem
Ho 25 Hi ~f30
MPIanck MPIanck

@ Proton stability (mMsfermion =~ 1 TeV)
34
)\f-jk)\fl'lk <0
o Neutralino dark matter stability (mMsfermion =~ 1 TeV)

(1,11) 34
A <0 -



Flavor puzzle

Anomalous Horizontal Abelian symmetry with a single flavon
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Froggat-Nielsen mechanism

Single flavon of H—charge —1: S

At high energy Mp: L= ©¢(0)R + /_?5(_1) T+ 7_'5(_1)u
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At low energies: Lefr ~ (%)n Qou = 6"Qéou,

n=nqQ-+ng+n, =2,
where
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Phenomenological conditions
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4
mass ratios My ~ vy 0 .
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me:mu:m7~95:92:1
TOTAL=6
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Phenomenological conditions
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Phenomenological conditions
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Phenomenological conditions

g8 0°

Prediction: 4
M, ~ v, 0

V13 ~ ziz’ ~ 93 ! ! 92

TOTAL=8
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Phenomenological conditions

g8 @°
Third generation M, ~ v, o4
masses 6% 1

hy ~1
hy ~ h. ~05, x=0,1,2,3
where: tan 3 ~0* 3 ~ ((1 , 100).
=3 x=0

TOTAL= 10
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Theoretical conditions

: 2

Anomaly conditions @a: U(l)Y2X UL
(Green-Schwartz) a1 SUQ2); x Uy
e SUB3)Z x U(1)y

c® U3 x Uy

c ) 5
3 = Cp :i with kq :g
c® =0

TOTAL=13

fco=c=c=0=—=m,=0 Mira,Nardi,D.R hep-ph/9911212 (PLB)



Horizontal charges:

HI6) =1

no, =L, + H,
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Horizontal charges: 17

4
H(f) =f fiy =f; — f N=> na
a=0
ng =Lo + Hy L3 =ep3 + L23 x=Q3+d3+ Lo

Horizontal

Number
charge

Qi

URj — Uuj
(_fR,' — d,'
L;

ERi — €
Hu

Hd — Lo
Total 17

= W wwww




Horizontal charges: 17—13 = 4 free charges:

4
H(f) =f; N=Y n,
a=0

No =Lo + Hy Loz =ex3 + Loz x=Q3+d3+ Lo

Horizontal Number Horizontal Number
charge charge

Qi 3 @13, 3, @3 3
Uri — uj 3 U13, U3, U3 5
dri — d; 3 d13, do3, d3 3
L; 3 L13, L3, L3 + €3 3
E€ri — € 3 N 1
Hu 1 n; 3
Hd — Lo 1 X 1
Total 17 Total 17

4 free charges: ny, ny ,n3 ,x
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Solution with positive H—charge differences
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(—problem

Self consistent condition:

5
no + Me — 1Ng X k1—§

no:*]. ifklzg

MpO"e if no, > 0 p—problem!
Mo ™~ m3/29|”"‘ if Ng < 0
0 if n, is fractional

pi—problem solution(Giudice-Masiero mechanism):

no=—1=> g~ my0 "
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Final solution

Q3

= 3x(x+10)+(x+4) n1 +H(x+7) n2+(x+9) ns —67
15(x+7)

2(x+1)(3x4+22)—(2x423)n1 —2(x+7)n2+(13x4+97) n3

15(x+7)

L3+n2—n3
L3+ n —n3
n3—L3
—-1—H,
_QS_HU
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—l3— Hy+x
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24+ Q3

5+ u3
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1+ d;
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2—no+ n3+ ez

Can nj, x be fixed to
explain proton
stability in SSM?
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Can nj, x be fixed to
explain proton
stability in SSM?

Yes!
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One flavon anomalous horizontal Abelian symmetry

The superpotential
w :#aza /f:/u -+ hfj //:/u a;/ﬁj -+ )\agkzaz/g/e\k + )\;jkza (A()jak + Aj-}kﬁ;?ljak,
:h;jﬁu a;/ﬁj I h,’Jlfldzfe\k ol h;jl/:lda_jdk
+ poHgH,
+ :uiLiHu
+ Nk LiLjlk + Af-jkzi Q;dk
+ N i djdi

@ Further constraints to avoid fast proton decay on p;,
AT = { s Ao Nt
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FN in SSM

FN mechanism can also explain all parameters in W.
The effective bilinear and trilinear Rg terms are given by

Mp"e n, >0
Mo ™~ m3/26"””‘ N < 0

0 n. fractional
0" M+ >0
AT ~ 4 (m3)o/Mp)0!™ 7l ny <0
0 ny, fractional
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R, violating operators

H(Nji) =nxr +Z"(i, j, k) (j <k)
H(Xj) =ni + [x +I'(i. j, k)]
H(Njk) =ni + nj — ng + [x — 1+ Z(i, j, k)] (i <j)

iy Ix—1+Z(i,j, k)] ifi=k (orj=k)
| 3mv = 2n + [Z(i,j, k) —2x] ifi#kandj#k’

n/\// =X + N/3
Model n; ny Ref
MSSM  fractional fractional Dreiner...
1i-SSM  fractional high negative integer D.R...
A-SSM  3nyr — 2ny integer fractional D.R...

A'-SSM  not half-integer fractional integer

20



A'-SSM
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Indirect constraints

the most restrictive constraint comes from the dinucleon NN — KK width

128ma2| A112|*(A)0

2 12,8 ’
mNm§m~

[~ pn
pn ~0.25 fm ™3 my ~mp A ~100

This kind of matter instability requires only B violation. From
Super-Kamiokande data (M. Litos PhD Thesis)

1
TNN—KK = F > 1.7 x 1032 yr.
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Most important constraint from quadratic coupling product bounds is
obtained from the penguin decays B — ¢7 (BaBar: hep-ex/0605037)

BR(BT— > ¢n") <2.4 x 107" BR(B°- > ¢n%) <2.8 x 1077
which translates into

NG| < 2 % 1075 <7mﬁ"R )2 . (1)
237 100 GeV

S 2000 ] , [A=15Mev
L 1800 [ N i, “2{]\:200Mev
S 1600 S Y
C N o3 iy
§ 1400 - e § N
g 1200F = S §
1000 |- 2 s 5
800 2 S <
600 [ S 3
400 ¢ T8 s
200 f L ¥ %
-7 6 5 -4 -3 -2-101 2 3 4 5 6 7 8
’]’L)\//
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Dirac neutrino mases

g — gH(LiHuN;) _ gni+N; _p16

Example:
19
=3
Typical size
" " " 12 9
112 212 312 912 09
" " "
)‘113 )‘213 >‘313 S 0 0
" " " 911 98
123 223 323

97
97
96

H(N;N;) fractional

nyn > 6.
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Dirac neutrino mases

g — gH(LiHuN;) _ gni+N; _p16

Example:
19
n; :?
Typical size
-8
112 A2 Asp 10

" " " -8
Mz Aoz Aziz | S| 10

" " " —8
123 223 323 5x10

H(N;N;) fractional

29
N; ===
3
1076  10°°
]_0_6 10_5 ny 2 6.
5x107% 10°*
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LHC phenomenology

Eperimental limits at LHC if the LSP is neutral particle decaying to

multijets (ejemplos: gluino, neutralino). Better sensitivity if decay includes
top or bottom quarks.

q q

q

"/
“6-jet model” “10-jet model”

For squark LSP the limits are still around mg < 100GeV'.
Pure hadronic displaced vertices no yet implemented in ATLAS.
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Multijet Interpretations

Interpret the multijet resonance search in a model where
the gluino decays via an UDD coupling to 3 jets

Limits correspond to a ||ght -flavor couplmg )\112 75 (Qora
heavy-flavor coupli

i Pl Rt e
First limits for the heavy flavor coupling

CMS Preliminary 19.5th'at /s = 8 TeV

CMS Preliminary 19.5fb"at {s = 8 TeV
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— Theory Light—flavorHPV;.."“ﬂ

—— Expected Limit

[] Expected= 10
|:| Expected + 26

Theory Heavy-flavor RPV

Feyga OF Rggy

)
2
1
=
<9
]
x
=
E
-
-
(3]
2
in
o

%00 800 1000 1 “1a00
Triplet Invariant Mass [GeV]

Triplet Invariant Mass [GeV]

Matthew Walker, Rutgers University August 30, 2013 EXO' -1 2 o 049



Same-sign Interpretations

= Similar model o the multijet analysis gluinos decaying
to 3-jets via X345

= Exclude gluinos with mass below 850 GeV

L=19.5fb", {5 =8 TeV

s Limits”
CLs Limits

Theoretical = 1o

800 1000 1200
(GeV)

mg\uino
Matthew Walker, Rutgers University August 30, 2013 12



Conclusions

Model with Baryonic violation of R-parity

@ After imposing existing constraints in both single and quadratic
R-parity violating (RPV) couplings, only one precise hierarchy remains
depending on a global suppression factor 6”2 (ny > 1) with \,; as
the dominant coupling and very suppressed couplings for the first two
generations.

o Additional suppression is required in order to obtain Dirac neutrino
masses in the model, and only solutions with n} > 6 remain allowed.

@ The phenomenology at colliders depends strongly on the nature and
decay length of the LSP. Specific searches at the LHC for the RPV
with B violation have reported restrictions only in the case of prompt
decays of the gravitino when it is the LSP.
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