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e R-parity violating SUSY @ LHC
e GUT and (baryonic) RPV: the problem

e A simple SO(10) model
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MSSM & R-parity

* Most generic superpotential

Wrpc = phuha + 455 €5liha + ¥ ¢idSha + y3 qiushy,
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e Possible solution: Mp = (=)>B~L) or (equivalently) Rp = Mp(—)?°

- B and L accidental global symmetries as in SM
- LSP is stable (DM candidate)

- LSP escapes the detector (missing energy)
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However ...

* R-parity Is not necessary

- Small RPV couplings are “technically natural” (holomorphicity of W)

* R-parity I1s not sufficient for matter stability

qqql uude
A A

* R-parity violation might be welcome

- Neutrino masses within the MSSM field content
- DM can still be an unstable gravitino

- Avoids missing energy signatures: LHC bounds can be relaxed
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Natural SUSY exclusions

@9 production, §— tf-;o m(@) >>m(g), \'s = 8 TeV Lepton & Photon 2013
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[See plenary talk by |. Richman and parallel talk by M. D’Alfonso] [See parallel talk by M. Barisonzi]

m; 2 700 GeV mg 2 1.4 TeV

(barring light-stop window)
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R-parity violation @ LHC

* R-parity violating decays end up into SM fermions

S
/1 . —7N\ 2
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* Prompt decays require RPV couplings of (at least) O(10~7)

* Erther baryonic or leptonic RPV because of p-decay

- Leptonic: many |eptons N the final state [See however parallel talk by P Saraswat]

- Baryonic: better to hide SUSY into QCD backgrounds
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Baryonic RPV stops

e Current limits: LEP + Tevatron
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e | HC not sensitive yet (however b-tagging technigues can improve on that)

[Franceschini, Torre (2012)]
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Baryonic RPV gluinos

§-g and 1t production, g— 1t, T (RPV)— bs g-g production, g— ft, t (RPV)— bs
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Summary exclusions

* R-parity conserving

my 2 700 GeV mg 2 1.4 TeV
* Baryonic R-parity violation

m;z z 100 GeV mg z 1 TeV

* We improve on naturalness  [See however parallel talk by M. Baryakhtar]

e But what about unification ??
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RPV & GUT

* Natural expectation: RPV couplings erther absent or simultaneously present

o Mp = (—)*E~L) remnant of gauged B-L?  [Martin (1992)] [Mohapatra (1996)]
[Aulakh, Bajc, Melfo, Rasin, Senjanovic (2000)] [...]

 Otherwise exact SU(5) invariance = A =1X =)"=A

Aijr 5557108 D Agjr (e5151k + 2 qud§ly, + uidsdy,)
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Aijr 5557108 D Agjr (e5151k + 2 qud§ly, + uidsdy,)

~

e Matter stabllit | t least > —10
atter stability requires (at least) A < 10 (1 Tov

2
) < 107" [Smirnov,Vissani (1996)]
* | SP practically stable on the scale of the detector size

* Sizable RPV couplings apparently an issue for unification !
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Baryonic RPV & GUT

® Wien = Wnsam + )\;/Jku,fdjdz [For soft baryonic RPV see parallel talk by Y. Tsali]
- Minimal SU(5) + 2 x (5 + 5bar) + fine tuning [Smirnov, Vissani (1996)]
- SU(S) + large representations [Tamvakis (1996)]
- Fllpped SU(S) [Giudice, Rattazzi (1997)]
- SU(S) X SU(3) [Battacherjee, Evans, Matsumoto, Yanagida (201 3)
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- 4D fully unified gauge group: e.g. SU(5), SO(10), ...
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- Renormalizable origin of the extra term

- Absence of fine tuning
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Inturtive 1dea

* | et us consider SO(10) with the standard embedding of matter
16, = qo B u, b d. Bl, Be; v, (a=1,2,3)

* Jo get u®d®d® we need a trilinear term in 16,

165164165160 (161)=vis Vi o
L 168)=Vis, 21016, 516,516, 3 €11, qd°l, utdd’
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* | et us consider SO(10) with the standard embedding of matter
16, = qo B u, b d. Bl, Be; v, (a=1,2,3)

* Jo get u®d®d® we need a trilinear term in 16,

16716,16,16, v Vi _
L (16m)=Vis, 21016, 516,516, 3 €11, qd°l, utdd’

* The unwanted operators feature SU(2). doublets (g and |)

* An adjoint VEV in the T3R direction can project out the SU(2). components
<45H> = Vus'I3R (<45H>16a)16 — V45(—u§ + dg — l/g + 62)

* Analogy with the Dimopoulos-Wilczek mechanism for 2-3 splitting in SO(10)
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Inturtive 1dea

* Hence after SO(10) breaking

1677 (451164)16(45116p)1616,
A3

> u, dyd,

* NR operator points towards its UV completion (not unique)

(45 H) (45 H)

Wgrpv = A1616 10 + Ozaﬁ 45516,

/ 6-16 1616 \ +5a16H16a10+M16E16+%1010

(165) 16,

* Integrating out the vector-like states in the decoupling limit Vis, Vig < Mig, Mys

2
"o V45 V16
abc — 2
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In general ..

* Away from the dec. limit one has to inspect the mass matrices

_ — M
Wgrpv = A161610 + 1645516, + B,16 516,10 + M;161616 4 %10 10

dC
—c =e (Vasag Mig 0 e 16 D d¢ .. +u& .. + €&
(ds dyp) (Vm 50 Mm) (Ziﬁ) light light light
C
l16, 10 D dlight + Elight
(I To) (0, Me U [
16 "0/ \VigB, 0 Mg l16
10

(W) (—Vas aa Mis) (15565)
(e%5) (Vas aa M) (ej(f%)
(Tr5) (0 M) (qwa)

d16
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_ — M
Wgrpv = A161610 + 1645516, + B,16 516,10 + M;161616 4 %10 10

die,
(& @) (‘V/‘;’ P A}m) (diﬁ) 16 O diigh + Ulighs + Clight
¢ dig
10 D djippe + 4
l z 0 My 0 ll16a light light
(Irs o) VieBa 0 Mo l16
10
(755) (=Vis aa M) (21565) 16 — a;uy
() (Vis o M) (%) o
€16 10 — c¢;dy
— di6,
(1) (0 Msc) (%) AM61610 = Ay o a; (bjer, — bicy)

* Detalled flavour structure depends on the Yukawa sector
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Pheno aspects: bounds

* Assume gravitino (LSP) heavier than the proton

e Upper bounds from AB = 2 & flavour (mgog = O(500 GeV))

Aigsl < O(107°) [NN — KK], Al Mgyl < O(1077)  [K — K],

Aigp] <O(107%)  [n—7], Al Arsp] < O(107%) K- K],

Nl <0007 [n—7] N Nl < 0(107) (BT - Kox*],
Map| < O(107F)  [n—7], Nigs Myl < O(107%)  [B™ — ¢ ],

* [ ower bounds from prompt decay (e.g. stop NLSP)

11077\ ?
LZQmm(m)(mo GeV) (0.9 10 )

ch )\//

¢ 1077 < M\ <1075 does the job independently of the flavour structure
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Pheno aspects: flavour

e GUT correlations

1) 1) !/
)\ids _ )\idb _ )\isb
1) !/ /!
)\jds )\jdb )\jsb

1,7 =Uu,c,t
- relevant when many couplings are at play

* Hierarchical flavour pattern is predicted under assumptions

Yukawa <= flavour breaking — RPV

- Natural to expect )/, . as the dominant couplin
p tbs p g
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Conclusions

* The Naturalness status of the MSSM Is under pressure

* R-parity violation (especially baryonic) can help

e Requires a quark-lepton asymmetry in apparent contrast with GUT
* Not necessarlly ..

e Simple SO(10) models w/o fine-tuning can be concelved
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Yukawa sector

e Add an extra |0On

Wy = 9a164 165 105 +1,16,16 105 +3 16 16 105

* Possibility to fit charged fermions

e Neutrino masses

- cannot use R-parity violation because of p-decay

- AL=2 effective operator: e.g. 16,16,165 16 /A
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Yukawa sector

* Connect the flavour breaking in the Yukawa and RPV sectors
Wy = Yap164 165 105 +9,16,16 105 +4 16 16 105

— — Mo
Wgrpyv = A161610 + 1645516, + 8,16 516,10 + M161616 + Tl() 10

- Horizontal SU(3)H symmetry (162 ~ triplet)
- SU(3)H broken by two hierarchical spurions A >> B (A and B ~ anti-triplet)

(aq) = a(0,0,1)
e L1

%a — 'rozjia + Saga 3 (ﬁa) — 5(0, €, 1)
a =TpAg + SgDg, <>
Yo = ran + sza , yss ~ y3 = O(1)
Yab = TyAaAb -+ SyBaBb +ty (AaBb + BaAb) , Y23 = Y32 ~ Yo = O(E)
ya2 = O(€?)
- Predicts hierarchical pattern A}, = —e % .
33
- Qualitatively different from other frameworks like MFV-RPV [Nikolidakis, Smith (2008)]

[Csaki, Grossman, Heidenreich (2012)]
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VEV alignment

Wev-align. = M145%; + mabd3, 4+ A1 54457 + A\o547;
(45f7) = diag(Vr, VR, Ve_1,VB_1,VB_1) ® i09
(54p) = diag(—2Vsa, —5 Vsa, Vi, Voa, Via) ® I

e SUSY vacuum implies Fys5,, = 0, namely
(m1 — %)\1V54)VR = O

(m1 -+ )\1V54)VB_L = (

* A solution is provided by mi = %)\1‘/54 and Vg_r =0
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