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R-Parity Violating (RPV) SUSY

e Many SUSY models assume R-Parity conservation, i.e. Lighest Susy
Particle (LSP) is stable

e Typical large missing transverse energy (MET) signature
® LSP could be Dark Matter candidate
e BUT could intfroduce R-parity violating terms in superpotential

e No simultaneous lepton & baryon number violation due to proton
stability
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e LSP decaying tfo Standard Model particles




Long-Lifetime Particles

)210 Z . Penetrating
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Q‘“‘P&r&v Violating:

e If couplings are small LSP can have long lifetime ( proportional to A -2)

R-Parity Conserving:
. AM(ZT,Z{)) ~100MeV, eg AMSB, disappearing/kinked tracks
e Long-lived gluino due to heavy squark mediating its decay: R-Hadrons

® GMSB scenarios: weak coupling NLSP-gravitino — stable sleptons or delayed

photons
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Massive particles to multi-jets

Probe b&rvom violating term ——
€. DDD, )

e Each decay produces exactly one up-type
and two down-type quarks

e Large number of jets ATLAS-CONF-2013-091

ATLAS Preliminary Data {s=8 TeV, 20.3 fio"
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e Use flavor information to constrain
different \”

e Simple strategy:
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Projection from 5 Jets
--- My =600 GeV

e Use number of jets, jet pr, number of b- . = 1000 GeV
tags to separate signal from background
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e Backgrounds:
e Mainly QCD multi-jet production
o tt, W+jet after b-tag

e Estimate from data in low multiplicity
control regions

Ratio To Data
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Massive particles to multi-jets
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e Optimize signal regions
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gluino decays
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Massive particles to multi-jets

Physics Letters B 730 (2014) 193-214

CMS,L=194fb'at \s = 8 TeV
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Fit to the data
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flavor jets
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Trigger on 6 high pr jets
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Form jet triplets and use mass fo separate
background (QCD, combinatorics, t-tbar)
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Massive particles to

(CMS: Simplified benchmark model §—tbs

e Require high pr leptons (e,l)
e Rely on lepton friggers

e Use b-fagged jets multiplicity to separate
signal from background

e Estimate from MADGRAPH

® Combine 3 signal regions: 6, 7, 28 jets

CMS preliminary, L = 19.3 fb", {s=8 TeV; pp — gg, g — tbs, m(@)>>m(g)
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¢ Searches for massive particles decaying
to multi-jets exclude gluinos up fo
900-1000 GeV in several RPV scenarios




Multi-leptons searches

Probe lepton violating term

)LLLE+

e Expect large number of leptons produced by Yk~ i
SUSY decays

e Typical selection criteria:

LQD

e Inclusive single and double electron and muon Ve(Vy)

trigger
e high pr isolated leptons v (V) pu(e7)

e Di-lepton Z mass window A121

e High signal to background ratio:

(e Irreducible background: 4 leptons from |
Standard Model |
e mostly heavy boson production -> tth, th € {:T‘om MC

| Wh, WZ (+jets), ZZ (+jets), zztt, WWZ,
N WZZ

Reduable background cnL leas’r one Fake & fyom DATA
lepton




Multi-leptons searches

ATLAS:

® > 4 leptons (e,,T) (pr> 10 GeV )

e > | above trigger threshold
e Z Candidate veto

e 2 Signal regions
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CMS:

® 4 leptons (e,n): pr> 20 (highest), 10 GeV
¢ 1 opposite sign, same flavor pair

e define di-lepton mass regions according
to Z

10 CMS Preliminary Vs =8 TeV L, =19.5fb”
| | 95|% C.L CILs I|m|ts:I
- observed: A, =0
i expected: A,,=0
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CMS constrains also generic RPV susy




Multi-leptons searches
Stop U RPYV models ATLAS:

arxiv:1404.2500

CMS: .

PRL 111, 221801 (2013) | | e 2 same sign or 3 (no charge
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e Lepton Flavor Violation multi-lepton searches
exclude

e NLSP gluinos up fo 1-1.4TeV

e stops up to 1.1TeV
® | SP neutralinos up to 400-800 GeV




Long-lived particle searches

Stable Massive Particles

Stopped gluinos

Displaced vertices

Displaced vertices (di-jets)

Disappearing tracks

Non-pointing photons
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Stable Massive Particles (SMP)

e Allowed by many models: mMGMSB, splitSUSY,

MSSM, UED... Ex: ATLAS-CONF-2013-058

. TWO main Classes OF ParfiCIes: XI1I0I3 IIIIIIIII |IIII|IIII|IIII|IIII|IIII|IIII|IIII_

= | |
. : : - ATLAS Prelimi
e Lepton-like — no strong interactions ; S Preliminary
:det=15.9 b’

o
o

Muons / 0.01

o
o
o

e Hadron-like — color-charged, hadronize to

I Data, \'s =8 TeV

form"R-Hadrons” with quarks/gluons R

o, = 0.025

®
—MC,Z — uu

B =0.997

e Slowly moving particle, typically
reconstructed as a muon

e High momentum

e Anomalously high ionization energy loss

E
(dE/dx) Muon system + calorimeter
e Large time-of-flight + inner tracker combined f3

* Might need specific reconstruction/trigger resolution: ~2.5%

|6



SMP: sleptons e

ATLAS Preliminary
s=8 TeV,f Ldt = 15.9 fb!
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ATLAS: ATLAS-CONF-2013-058

- production, tang =10 —e— observed limit

- expected limit = 1o — +20
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- production, tanp =30 —@— observed limit

e Benchmark model: GMSB with T+ NLSP I oo, try 50—~ absered

Cross section [fb]

e T1mass estimated using m=p/(yB)

e Small background: mis-measured high pr muons
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JHEPO7(2013)122

SMP: R-Hadrons e o v

= I [ =

- Theoretical Prediction —¥— gluino; 50% gg

| & gluino (NLO+NLL)  —a— gluino; 10%gg

E stop (NLO+NLL) —=— stop

- - stau, dir. prod. (NLO) —e— stau; dir. prod.
stau (NLO) —e— stau

E 1Ql = 2e/3 (LO) QI = 2e/3

L~ 1Ql=1e (LO) —e— QI =1e

CMS:

e Benchmark models

95% CL limit on o (pb)

e direct gluino and stop pair productions

e Large uncertainties on R-Hadrons’ strong
interactions with detector material

Use different search strategies:

e tracker only (dE/dx)

b SN\,
500 1000 1500
Mass (GeV/c?)

Muon-Only CMS YVs=8TeV,L=18.81fb"

= | ' T |
- Theoretical Prediction —— gluino; 100% gg
= gluino (NLO+NLL)  —=— gluino; 50% gg
------ stop (NLO+NLL) —— gluino; 10% gg

\ —=— stop

e muon only (TOF)
tracker + muon system

~6.5% resolution on 1/

95% CL limit on o (pb)

® Muon-only and tracker-only allow

for R-Hadron in
calorimeter or tracker material

NN N S
1000 1500
Mass (GeV/c?)




S .I.O P P ed g Iui n OS ATLAS: Phys. Rev. D 88, 112003 (2013)

= = Expected Limit
1 Expected Limit (£10ey,)

ATLAS

-1 _

5.0 b @ 5 =T7TeV Observed Limit
22.9fh" ' @ /s =8TeV 55 Th
Live time = 389.3 hours pp — gg Iheory
§— g/qq+ X" BN Scale + PDF
m;(o =100 GeV

Generic, Leading Jet Energy > 300 GeV

e R-Hadrons loose momentum and come to rest

e Decay to neutralinos + hadronic jets

Trigger on empty bunch crossings with
calorimeter activity.

Leading jet: |nl< 1.2, Ejet>100, 300 GeV

R-Hadrons Produced [x1000 Pairs]

900 1000
Gluino Mass [GeV]

Muon activity veto

! errq rvvrr* vv‘rn'm YTy ‘ryv—q ,n—rq ran MRl BRALLL ma —W
. o ~ g observed -
Cosmic rays and beam halo | [Lason Tobservea -
. 158 gexpected =%
[ Vs=7TeV <= - gexpected =20

 Eguon>100 GeV, E,_ > 125 GeV Texpected =1o
i vt expected =20

mg< 832GeV excluded, for 1 s < 15<1000s

mg< 600GeV excluded for lifetimes up fo 2 arxiv:1207.0106
years! ;

R
. Mad
e
e
.

® Also exclude long-lived stops and sbottoms

107 10® 10®° 10* 10® 10% 10" 1 10 10° 10° 10* 10° 10°

t[s]
CMS excludes mg < 640GeV, for 1 us < 15 <1000s at 7TeV :
19



http://link.aps.org/abstract/PRD/v88/e112003
http://link.aps.org/abstract/PRD/v88/e112003

e Searches for massive particles decaying to multi-jets
exclude gluinos up to 900-1000 GeV in several RPV
scenarios

e Lepton Flavor Violation multi-lepton searches exclude

® NLSP gluinos up to 1-1.4TeV
e stops up to 1.1TeV
® | SP neutralinos up to 400-800 GeV
e Stable Massive Particle searches exclude:
® gluinos up 1.2-1.3 GeV
® stops up to 800- 900 GeV
e sleptons up to 350-500 GeV

20



Displaced vertices

LSP decays far from interaction point
~ lmam—-10cm

: multi tracks displaced
vertex (high pt leptons or jets)

® ATLAS has specific tracking and
displaced vertex reconstruction

e CMS uses inner tracker only (no
lepton reconstruction)

e Cosmic rays, random combinations of
tracks, hadronic interactions with
material
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Phys. Lett. B 719 (2013) 280-298
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. . PAS-EXO-12-037
Dlsplaced Ver'hces ATLAS-CONF-2013-092

Mulki-Eracies dispta&ed verbtex with one or kwo Lep&oms

ATLAS: CMS:

High-pt muon trigger (pt>40 GeV) * Combine ee and pp channels

trigger on calo energy depositions

Specific tracking and displaced vertex
and muons

reconstruction

Veto vertices in high density regions to reduce rely on Inner Tracker reconstruction

background from hadronic interactions (expect give oA limits
0.02+/-0.02 events).

CMS Preliminary Ys=8TeV L=196f"

T T rrrr
Observed limits
104 —— m: fm, = = 1500 / 494 GeV/c’
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preliminary | i 700 GeV squark pair production (NLO+NLL
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Displaced vertices

CMS:
e H>300GeV trigger
e 2 jets made of large impact parameter tracks
Fit secondary vertex from jet tracks

Estimate background in control regions

Use Ks—mmm fo model tracking systematics

60 -40 20 0 20 40 /7 60 80

PAS-EXO-12-038

HY — 2X°
X’ — qq

1T |
CMS Preliminary

fL dt=18.6 b /s =8 TeV

-
=
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— Obs. Limit
Exp. Limit
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m
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Q
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102
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Limits depend on cT, my and my:
cross sections excluded in 0.3-1 fb
range




Phys. Rev. D 88, 112006 (2013)

Disappearing tracks

- wrohg pr

ATLAS: nteracting

hadron

~

e AMSB models: AM (X ,X,) ~ 160 MeV

— lifetime O(0.1ns) " .f_____,-..»:---t'"""";{«\"Lsao&ev\&afaeci
: _ == ”{.QP&OV\

Inner silicon Ekracieer ouber bracker

"disappearing tracks” inside tracking detector

Well reconstructed tracks in inner (silicon) tracker,
low number of hits in outer tracker

Background from fit to the p; spectrum of
disappearing tracks

No excess over SM background is observed AN S
100 150 200 250 300 350 400 450 SOrg 5[5608\(;]00

24
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e Displaced vertices/Disappearing tracks searches exclude:

o depending on
neutralinos lifetimes and masses




Where do we stand

ATLAS SUSY Searches* - 95% CL Lower Limits
Status: Moriond 2014

Model

ATLAS Preliminary
[Ldt=(46-229)fb"' +5=7,8TeV

e U, T,V Jets E'l‘,liss JLadm™ Mass limit Reference

Direct X1 X| prod., long-lived X7  Disapp. trk
Stable, stopped g R-hadron 0
GMSB, stable 7, ¥ -7, )+r(e, ) 1-24
GMSB, ¥} —yG, long-lived X} 2y
43, X1 —qqu (RPV) 1 u, displ. vix

Long-lived
particles

1 jet
1-5 jets

270 GeV

v 475GeV

230 GeV

oq <
-

==

832 GeV

1.0 TeV

mFT)-m(¥})=160 MeV, (¥])=0.2 ns
m(¥})=100 GeV, 10 us<7(2)<1000 s
10<tanB<50
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‘/_ =7TeV
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4 jets -
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mono-jet  Yes
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*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.

RPV sector still less constrained than “other SUSY”

1210.4826
ATLAS-CONF-2013-051
ATLAS-CONF-2012-147

e LHC experiments probes a wide range of RPV and Long Lived Particles signatures

® Require non standard analysis techniques and push detectors to their limits

e No excess over SM has been observed yet

® Available space shrinks rapidly




Thank you

Queskions?




The ATLAS detector

Total Integrated Luminosity [fb "]

Inner Detector Inl<2.5
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The CMS detector

® 4T solenoid magnet

e Silicon detectors
(strips/pixels)

e Muon chambers
0 (P)/P=10% at 1TeV

CMS Integrated Luminosity, pp
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Multi-Jjet searches

ATLAS:

BOOSTED ANALYSIS:

® Gluinos produced with large boost:
PT>>2Mg

e highly collimated jets each containing
3 sub-jets

Search for large jets with substructure eer ExpLimit (Boosted)  [ll+10 Exp L (Boosted
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All limits at 95% CL
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Multi-leptons searches

CMS: pas-sus-13-010
e Measure lepton isolation efficiency for
different pMSSM models
® Calculate upper limit on oxLxe

e set limit on generic "RPV susy”
CMS Preliminary Vs =8 TeV L _=19.5fb"

CMS Simulation Vs =8 TeV 95% C.L. CLs limits
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Non-pointing photons

ATLAS:

long lived %, decays to y+ gravitino

Signature: ETmiss + pairs of photons (ET >75GeV)

not pointing to primary vertex

Pointing distribution templates generated from
MC (signal) and Data (background)

Limits obtained by fitting templates to SR
pointing distribution

Fraction of Events/20 mm

Phys. Rev. D 88, 012001 (2013)
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http://prd.aps.org/abstract/PRD/v88/i1/e012001
http://prd.aps.org/abstract/PRD/v88/i1/e012001

Multi-leptons

2 Same Sign leptons

ATLAS-CONF-2013-007

Same Signu u
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Displaced vertices- dijets
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CMS

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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