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Motivation
GMSB
RPV
Signature Generators
Simulation

Signatures
Natural GMSB: bbrtr— + E7
RPV stops: bbrtr~ + 4j
RPV stops: > 5b
RPV higgsinos: 47 + £t
RPV higgsinos: SS
RPV higgsinos: internal resonances
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“Natural” GMSB

Messengers, ¢ Susy
X

W~ X(0® + 5d) (MSSM yukawas}

Other Sparticles

tH=Fl
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R-parity Violation (RPV)

v

R-parity is nice: B and L conservation, DM candidate

v

But R-parity is unnecessary: e.g., B or [ only, other DM sector

R-parity violation = LSP can decay

v

Cascade decays without £t

v

2-body, 3-body resonances (+ other objects), often in pairs

» Many, many final states: jets-only to multi-leptons

v

Violation of lepton flavor universality
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RPV Interactions
SM
superpartner @’” LiLER + Nji LiQyDf + 3 Xji @NIL/‘HU

1,/, kK = generation indices

SM
q
UDD g {
q
forv q
LQD g { forp —<
q q
L 14
LLE 7 { v
v 14
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The RPV MSSM: a font of possibilities

The RPV MSSM is an effective signature generator

Er ’s 78 bs ts jets

High Many Many Many Many Many

RPVyields: Some  Few Few Few Few Few
No No No No No No
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The RPV MSSM: a font of possibilities

The RPV MSSM is an effective signature generator

TS jets

H|h Many an @ Many

RPV yields: # Few # Few Few Few
No
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The RPV MSSM: a font of possibilities

The RPV MSSM is an effective signature generator
g /s TS bs Is jets

_ Many Many Many Man
RPVyields: Some  Few Few Few Few (Few)

No No @ @ )

<
iﬁ\<
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RPV as Signature Generator

Each signature is a simplified model ez
These simplified models go beyond RPV!

Other theories could produce the same signatures
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RPV as Signature Generator

Each signature is a simplified model ez
These simplified models go beyond RPV!

Other theories could produce the same signatures

Why Study R-Parity Violation?
Examining simplified models within RPV
— an expansive signature generator —
can highlight gaps in existing LHC searches
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RPV as Signature Generator
A Simple Example

Consider consider color singlet fermions, X°, X*

List all possible decays of X to 3 SM fermions: (ignoring v « )

> X0 _, uididk » Xt — U;diuy

» X0 Uiajak » Xt — d,'djdk

> X0 vl > Xt G
> X°—>€,‘uj8k > X+_>€/—'i_yfﬁk

» X0 - u,-d,-c_fk > Xt — E?U/Dk
» X0 - CFUd > XT — “gler/_ak
> X0 _, Vil > X — viudk

» X0 - VivjDk
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RPV as Signature Generator
A Simple Example

Consider consider color singlet fermions, X°, X*

List all possible decays of X to 3 SM fermions: (ignoring v « )
» X0 — uidide  UDD (j # k) > Xt = udiue UDD (/)
» X0 — Tidide  UDD (j # k) Xt — didide  UDD (j £ k)
> X0 — vl LLE Xt — trere LLE (i #))

X0 _, éfujak LQD Xt — 67'1/]77;( LLE

X0 — vidjdk LQD Xt — gfrujl:lk LQD

X0 — ¢ d LQD Xt — E,frd,-_dk LQD

X0 _, VinDk >< Xt — V,'Ujdk LQD

X0 — vy >

RPV Higgsinos can give almost all possible decays!

v

v

vV v . v. v Y
vV v v v
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Simulation and Limits from Recast Searches

Example: LLE132 with 7 — bH* » Production in MG5 or Pythia 8
P oy » Showering in Pythia 8

10 » Private detector sim + FastJet

lepton ID efficiencies
lepton isolation

jet energy resolution
b-tagging, etc

vvyyewy

5
& 0177 > Recast LHC searches
° » Mirror cuts, ID and iso.
001/ » Use data from search
» Use best bin for limit
0.

001 e
200 300 400 500 60O 700 800 @alized to the production xsec
Myop (GEV)

different lines = different searches
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Searches - (no searches with MVA, BDT, Ne

ral Net or jet substructure)

ATLAS

CMS

Fraisae | /5 | £ | Reference ] ( Final State [ V] £ ] Reference ] [ Final State NG L Reference
3L4jets+MET 8 13.0 CONF-2012-151 " (osoiL) 8 196 PAS-B2G-13-015 2.6 jets+MET 8 203 CONF-2013-047
304MET (0ld) 8 13.0 CONF-2012-154 08 DIL+MET 7 104 arXiv:1110.6189 2:6 jets+MET (old) 8 58 CONF-2012-109

3£+MET 8 207 CONF-2013-035 08 DIL+jets+MET 7 a7 arXiv:1208.4688 7-10 jets+MET w/b 8 203 CCONF-2013-054

4£ (old) 8 13.0 CONF-2012-153 08 DIL+MET 7 498 arXiv:1206.3949 7-10 jels+MET WIMJZ 8 203 CONF-2013-054
40+MET 8 207 CONF-2013-036 leptonic my, 7 a7 arXiv:1209.4186 6-9 jets:MET 8 58 CONF-2012-103
340 8 195 PAS-SUS-13-003 ZijotstMET 7 498 arXiv:1204.3774 Jets+MET 8 195 PAS-SUS-13-012
3l 8 195 PAS-SUS-13-008 Z+jels+MET 7 205 arivi1204.6736 brjetssMET 8 19.4 arXiv:1305.2390
/44 8 195 PAS-SUS-13-010 TriotorMET 3 58 CONF2012.104 3bejets+MET (old) 8 128 CONF-2012-145
o' (36 7 49 arXiv:1204.1088 LoabptsaMET s 201 CONF-2013.061 3bujets+MET 8 201 CONF-2013-061
3l 7 1.02 CONF-2011-158 LabrgiaMET s 104 PAS-SUS-13-007 jets wicx 7 wib 8 17 arXiv:1303.2985
al 7 1.02 CONF-2011-144 L4T)MET 7 47 CONF-2012-140 monojet+MET 8 19.5 PAS-EXO-12-048
30+MET 7 2.06 arXiv:1204.5638 LrjetsMET 7 47 PAS-SUS-12:010 monojet+MET 8 105 CONF-2012-147
30+MET 7 47 arXiv:1208.3144 LuotsiMET . s CONF-2012-041 2.6 jets+MET 7 a7 CONF-2012-033
4£+MET 7 208 (CONES2012-001 L+brjets+MET 7 205 arXivi1203.6193 6-9 jets+MET 7 47 CONF-2012-037
340 7 498 arXivi1204.5341 LobriotssMET 7 498 PAS-SUS-11.027 jets+MET 7 498 arXiv:1207.1898
SS DIL+MET 8 58 CONF-2012-105 L+bejotsMET 7 498 PAS-SUS-11-028 Jots+MET (old) 7 1 PAS-SUS-11-004
S DIL wib (SUSY) 8 207 CONF-2013-007 TJoT e 5 o7 CONF 2013006 bejets+MET 7 205 ariv:1203.6193
SSDIL Hets+ bijets+MET 7 498 arXiv:1208.4859

wib (Exo.) 8 143 CONF-2013-051 4L4MET wiT 8 207 CONF-2013-036
+METw bijets+MET (old) 7 1.1 PAS-SUS-11-006

SSDILwib 8 105 ariv:1212.6194 340w s 195 PAS-SUS-13.008
s 3bsjets+MET 7 47 CONF-2012-058

SSDIL 8 195 PAS-8US-13:013 1/ 27 +jets+MET 7 47 arXiv:1210.1314
’ 4 jets w/Cx 7 wib 7 4.98 PAS-SUS-11-022

' (SSDIL) 8 196 PAS-B2G-13-015 T +L+jetssMET 7 47 arXivi1210.1314
. jets w/Qx - (old) 7 1.14 arXiv:1109.2352

SSDIL 7 498 arivi1205.6615 T +jets+MET (old) 7 205 CONF-2012-005

SSDILwib 7 4.98 arXiv:1205.3933 27 +jels+MET (old) 7 205 arXiv:1203.6580 £+bjets (low MET)* 7 50 ariv:1210.7471

SSSFDIL 7 4.98 arXiv:1207.6079 S DIL+MET wiT 7 498 arXiv:1206.3949 £+3b+jets (low MET) 8 143 CONF-2013-018

SSSF DIL 7 16 arXiv:1201.1091 SS DILw/T 7 498 arXiv:1205.6615 6-7 jets (no MET) 8 203 CONF-2013-091

SSDIL 7 47 arXiv:1210.4538 340 wAT 7 498 arXiv:1204.5341 6 jets (no MET) 7 46 arXiv:1210.4813
S DIL+jets+MET 7 208 arXiv:1203.5763 340 wor 7 498 arXiv1204.5341 up o 10 objects (‘BH') 8 12.1 arXiv:1303.5338
SS DIL+MET 7 1.04 arXiv:1110.6189 — (i) (ed) 8 196 PAS-EXO-12-042
o (©sDIL) B .7 CONF2012-130 ftxsec (DIL) 8 24 PAS-TOP-12-007 (rb)(Tb) , 48 PAS-EXO-12-002

/ T xsec (DIL) 7 070 arivi1202.4892

b’ (ssoi) 7 49 arXivi1204.1088 =

T xsec (DIL) 7 23 arXiv:1208.2671

fTxsec (DILw/T) 7 ~ 2 arXiv:1203.6810

et (LY) 7 5.0 PAS-EXO-11-056

fTemy (L) 7 1.04 arXiv:1109.4725
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“Natural” GMSB
£r Dominated
“Natural” GMSB: bbrt7~ + E7

t— bHT™ — bv? — burG
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“‘Natural” GMSB
Er Dominated

If mp < my — mz < my or my < My — mg < my —dominant decay path:
it — bbrtrveGG  — bBTﬁ'é’ (l/m?uﬂéé)
Z ’pt,miss| > Z ’pt,vis‘
Low visible energy, high £r

Some sensitivity from My, 7/¢-based searches (~ 500 GeV)
Limits weaken with decreasing m; — m:

Conclusion: Natural GMSB deserves own search!
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RPV Stops
More OS ...
LQD321: i — b(7j)

T — bHT — b(rt5®)) 25 ++jib
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RPV Stops
More OS ...

777 + 6 jets (2b): different picture

CMS 7 TeV tt w/ 7s does best

10.0
7 TeV 3rd gen LQ insensitive! 20l
Note: NEW CMS 8 TeV LQ3 5ol
Er < ET(SUSY) .
= 30
T searches don’t utilize extra jets! £ TLAS  eET
T searches don'’t utilize any b-tags! l ‘
15 7 TeV CMSHE xsec (£+11)
Conclusion: General 10 o e
OS T4+ n jet search! 200 300 400 500 600 700 800

Mgop (GEV)
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RPV Stops
A swarm of bs
UDD323: f — b(bbj)

T RPV

t — bH* — b(bt*)) == bbbj

Evans (UIUC) Heavy Flavor February 11, 2015 15/24



RPV Stops
A swarm of bs

Natural MFV SUSY signature!!! 8 jets (6b)

Atlas 6-7 jets (w/ 2 b-tags) 100

is close to exclusion 7.0

3b-tag bin could set limits now! 501
Higher masses? Use 5b or 6btags < 3%
£ 20

Very low SM background 15"

10

Conclusion: High
multiplicity b search!

ATLAS 6-7 high—pr jets (w/b)

200 300 400 500 600 700
Mgop (GEV)
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RPV Stops

A swarm of bs

Preselection Cuts
HAr(pr > 40; 1] < 2.5) > 750 GeV
No isolated leptons with pr > 20 GeV, |n| < 2.4 and /) < 0.15
Cuts Region 1 Region 2 | Region 3 Region 4 | Region 5
Hr (GeV) 750 1000 ] 1250 1500 ] 1750
betr (%) 50 60 70
Cotf (%) 4.0 9.0 19
Jetr (%) 0.07 0.30 1.5
ny > 5 b-tagged jets w/ pr > 30 GeV and |n| < 2.5
Backgrounds Kefactor ‘ # eventsin 20 fo— ' at 8 TeV
| Region T T Region2 T Region3 | Region4 | Region5 |
bbbb + {jets} 3 5.3 4.3 1.3 1.4 0.5
bbbbbb 3 0.5 0.2 < 0.1 < 0.1 < 0.1
bbbbct 3 0.1 0.1 < 0.1 <041 < 0.1
fibb - 0.9 1.3 0.5 0.7 0.3
Total 6.8 5.9 1.9 2.1 0.7
[ Signal “ #eventsin20 b~ at 8 TeV
l m; (GeV) [ m_+ (GeV) “ Region 1 Region 2 Region 3 Region 4 Region 5 ]
150 100 63.7 18.3 5.1 3.9 1.3
300 200 109.5 78.0 22.2 15.9 5.1
500 350 445 50.0 19.7 15.2 5.7
700 600 6.0 12.6 8.1 7.9 3.4
800 600 2.7 6.1 5.1 6.0 2.9
900 875 0.2 0.6 0.6 1.1 0.7
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RPV Stops

A swarm of bs

Preselection Cuts
HAr(pr > 40; 1] < 2.5) > 750 GeV
No isolated leptons with pr > 20 GeV, |n| < 2.4 and /) < 0.15

Cuts Region 1 Region 2 | Region 3 Region 4 | Region 5
Hr (GeV) 750 1000 ] 1250 1500 ] 1750
betr (%) 50 60 70
Cott (%) 4.0 9.0 19
Jett (%) 0.07 0.30 1.5

np > 5 b-tagged jets w/ pr > 30 GeV and |n| < 2.5

200
175
6 150
125
100
75
50
251 ! !

My Vs. 0 = My —

mi:l:

R1

R4

R5

150 200 250 300
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RPV Stops

A swarm of bs

Preselection Cuts
Hr(pr > 40; [n] < 2.5) > 750 GeV

No isolated leptons with pr > 20 GeV, |n| < 2.4 and /) < 0.15

Cuts Region 1 Region 2 Region 3 Region 4 [ Region 5
Hr (GeV) 750 1000 1250 1500 | 1750
betr (%) 50 60
Cotf (%) 4.0 9.0
Jetr (%) 0.07 0.30

np > 5 b-tagged jets w/ pr > 30

ms J]

200

>4 lpr
Evans (UIUC)

s lprl
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1000
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RPV Higgsinos
Four 7

LLE233: AT — H° + {invisible}, H° — 77v

pp — HHO — HOHO — (77)(r) ™ rrrrww
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RPV Higgsinos
Four 7

T T vr = lots of £t

7 TeV CMS ML: 27 beats 17 10.0
8 TeV All ML: No 27 regions! 50.
. CMS7 3-4r w/1r
> ‘Pt,miss‘ > ‘Pt,visible‘ 2.0t
5 CMS7 3—-4¢ w/2t
PT 7, ~ 2107—77@ T LOmMRATLAS 40+MET w/ln
E
Osys.+stat, (LLThTh) < Efficiency(4r—¢émy7h) ° 0.5}
osys.+stat. (Clty)  ~ Efficiency(4r—eetry)
= Uty does better 0.2! \

_ LLE233 (7). |
. 01l ‘
Conclusion: 2742 (or 1)/ 100 200 300 400 500 600 700 800

regions still important 1 (GeV)
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RPV Higgsinos
SS T

LQD323: At — HO + {invisible}, H° — 7jb or vjb,

pp — HHO — HOFP — (bb*)(bb*) ™ (+*jb) (7 jb)
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RPV Higgsinos

SSr
BR(HOHO — 7#7%) = Only one SS r search at 7 TeV
SS 7 (i.e. 7/7i) is unexplored 100
5.0}
szs_+stat_(€i7ﬁ:)<EffiCienCy(TiTiHZiTﬁ:) \
Osys.+stat. ((F0F) ~ Efficiency(r £ —¢E¢+) 20l
7 TeV: Large Er, Large Hr only % 10
Add b-tags, Lower £7 * os
Many Sr, High p; -, etc. 02
. . | LQD323 bR
) 0.1 ‘ ‘
CQnC|US|On- SS 7 IS 100 200 300 400 500 600 700 800
wanting 8 TeV expansion 1 (GeV)

(SST CDF result)
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RPV Higgsinos
Internal resonances

LQD321: A+ — 7jj or vjj, H® — 7jj or vjj

pp — HEHO — (r0)(r7) 225 (r (i) (v (i)

T+

(7]
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RPV Higgsinos
Internal resonances

» Light 7/ realistic, but have miniscule cross-sections
» Higgsino production portal: H° — 7+#F and A+ — %5, v7+

» Internal resonances!
> LQD321: w7+ (i {ji} / v i}
» LQD323: 7 {jb}{jb} / Ttv{jb}{jb}
» LQD333: 77t {tb}{bb} / rTv{tb}{tb} / vv{tb}{tb}
» LQD1ij/LQD2ij: W/B allow 7 — e,

> Also, HEHO — WEHOHO — ¢+u(jib)(jib)

Conclusion: Searches for paired dijets/trijets in
association with 7(s)//(s)/E r could be feasible
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Many heavy flavor opportunities to expand search strategies!
These are gaps in the LHC program — not just in RPV coverage!

SUSY or other new physics could be sitting in these channels!

» “Natural” GMSB: bbrtr~ + Fr » (0T searches (8 TeV)
» OS 7+ njets » SS T

» High b-multiplicity, no £+ » Internal resonances
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