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Outline

“Large” LLES, U°DD*€ couplings w/o fast proton decay
Requires antisymmetric flavor structure for LLE®

Collider phenomenology of LLEC + U°DcD¢



Overview of RPV SUSY
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1
Wgpy = 5 ik Ur Di D + A?ijiLij\f + EAUkLiLjEIS + kiLiH,

m In RPV MSSM, collider + DM phenomenology qualitatively
different c.f. talks by P Saraswat, AK Lehan, K Pedro

Review by Barbier, Dudas et. al hep-ph/0406039
m \'UDcD* violates B, all other couplings violate L.

m Canonical approach: assume only B or L violation to avoid
fast proton decay



2-Body Proton Decay Constraints

1
Wrpv = =i

UF Df Df + Ajy QiLDf + AUkL LiEf + riliH,

Strongest constraints: 7(N — M/{T) > 1034 yrs Super-K,1203.4030
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For A" couplings to heavy flavors, bounds weaken by 106 — 102
Smirnov and Vissani, hep-ph/9601387




4-Body Proton Constraints

|Xijk {125, i # j # k does not induce 2-body proton decay.

Induce 4-body p — KTvfT¢~ via 6-fermion operators:

D W ¢

M(p — KT¢T¢~v) computed with chiral lagrangian techniques.

Claudson, Wise, Hall Nucl.Phys. B195 (1982); JLQCD Collab. hep-lat/9911026

Imposing p — et, ut + anything < 1032 yrs results in:
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3-body decay p — vvf+ subdominant contributions (see backup)



Weaker Constraints on \” Couplings to Heavy Flavors

{1 Ni| < 10710 (2 ) all other [\ Xji| have weaker bounds.

7 _ 1
m N = Ai3, Mas, Ai0, A5q, induce proton decay at tree level.

Bounds suppressed by flavor changing squark mass insertions.

B A3, Mos, AS13, A5y3 induce proton decay at loop level.

Smirnov and Vissani, hep-ph/9601387.

m Loop diagram suppressed by Vckp and quark mass insertions.




Constraints on \” Couplings to Heavy Flavors: Results
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f32: N§3p induce 4-body proton decay p — K¢t~ v

MN31, A431 induce 3-body proton decay p — vl



Enforcing Antisymmetry in LLE€ with a Flavor Symmetry

How can we enforce antisymmetry in \jy in mass eigenstate basis?

SUB3). |3 3 spontaneously broken by Yg, Yy

ua) |1 -2

Invariant superpotential terms:

Similar to MFV RPV, Nikolidakis and Smith 0710.3129,

LI ES|Ye| Yy Impose flavor symmetry,
6 | 6
1

Csaki et. al 1111.1239

1
W, = HyL Yg E€ + M—RLHU Yy LH, + )\G,jkL,'LjE;f + ...

YEg is complex symmetric matrix, so Ygiag = UTYEU
Can always diagonalize Yg via SU(3) trans. L — UL, E€ — UE€
|

WLOG, Ajjx is antisymmetric in basis where YE is diagonal

Spurion analysis bounds Mg < PeV (see backup)



Collider Phenomenology of LLEC + U°D°D¢

Standard B(£) RPV: Sparticles decay via gauge or B([) coupling
LLE® 4+ U°D¢D*€ can give qualitatively different physics:
|
(X — B) ~T(X = L) >T(X — R — parity cons.)
X has O(1) BR to both B and [ final states.
I'():(l — B) > I'(f(l — [), I'()gl — R — parity cons.)
(X — L) 2T (X — B),T[(X2 — R — parity cons.)
Xy decays via B, X, decays via [

Both scenarios require I'(X — Lor B) > (X — R — parity cons.)



Case 1: X = B, X = ¥

Example: Electroweak gaugino (Wino/Bino) LSP ¥.
B: % —qqq, L:x — 00
f N ~ X\ T(Yx—B)~T(Y— L)

New final states from colored sparticle production

m 88 — qqXqqx — 7q3(

® 43 — qXqgx — 5q3¢

m §& — qXqqX — 6q3(

High jet and lepton multiplicity, soft MET spectrum
Still constrained by standard RPV searches

BR doesn't weaken bounds by much due to rapidly falling xsec



Case 2: Xy — B, Xo — ¥

For non-LSP X, [(X — £, B) > (X — RPC) requires either:

m X — RPC kinematically forbidden /suppressed, or

m )\ >g
Will discuss 1st case; 2nd case possible if X couples to c, b, t
Are there scenarios where bounds are weaker than standard RPV?

Example spectrum, motivated by natural SUSY:

g ]
Am < m; : m g — tt forbidden
J$ Am<m; 5 mt—tB forbidden
mZg— qqB
‘I/ o, m B> Vrir




Case 2: X; — B, X, — ¥ Cont.

_ AN
Turn on RPV Couplings: If 1072 < w < 10
Gluino pair production:
Am < m; 88 — 4q 2v; 20

— 4q 2u,; 2(uteT)

—, —=qq
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Stop pair production:
y +.F
b= Associated production:

gt = 4q v, pteT

Am < my

A4

[we

If A\~ 1077, #, — uFe® has ¢t ~ O(100) cm, displaced decay
Final state uteT fail impact parameter cuts, weakens bounds

from prompt searches involving leptons
Saraswat et. al, arXiv:1205.2671, Batell et. al 1309.2297



Case 2: X; — B, X, — ¥ Cont.

m tt — 4 jets notoriously difficult channel, allows < 500 GeV
Brust, Katz, Lawrence, Sundrum arXiv:1110.6670

For proposals on improving the situation, see e.g. Brust et.al 1206.2353, Bai et. al 1309.6631

m g decays via [, decreased jet multiplicity weakens bounds
from multijet channels discussed by Saraswat et.al 1403.7197

m & decay produces displaced e® i, avoid ATLAS constraints
on displaced p+jets
See Lehan's talk, ATLAS-CONF-2013-092

m May still be hit by jets + MET due to MET from
final state v, muon veto

m Associated prod. gt — 4qu, 0., displaced 7, — uie:F gives
unique final state not present in standard RPV



Thanks for listening!
Questions?
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Subdominant 3-Body Proton Decay Constraints

[Nijk A]1,l,i# j# k also induces p — {Tvv
Effective operators suppressed by dy — d flavor changing effects:
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Spurion Analysis of SU(3);: Bounds on RH Neutrino Mass

LI E°|Ye| YN Ye, Yy break SU(3)., perform
SUB).|[3| 3|6 |6 spurion analysis to catalogue
ua) |1l 2] 1] 2 generated operators

Dangerous operators, to lowest order in spurions:

W > 0@ (YRYRL) Df+r (YRYEL) Hutmoor by ((YE)? VL) Hy

Fixing m, ~ 0.1 eV, |N/,\| <1072 (T’:V)2 implies:

m cot3 3
Mg < . 100 T
R~ (Tev> sin BN pay 0 TeY

Additional model building can give « ~ (S) ~ p, by ~ ¥} <« 1




