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RPV SUSY
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Standard particles SUSY particles

R:(_l )SB+L+ZS

* For SM particle: R=+1
* For SUSY particle: R=-1

* Precision SM measurements support baryon and lepton number conservation, yet some MSSM
couplings do not.

* R-parity is an additional symmetry placed on MSSM that forbids such couplings generically.

* Precision SM measurements rule out some RPV SUSY couplings, but collider searches are needed to
cover full parameter space.
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Lepton and high jet multiplicity
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| ATLAS-CONF-2017-013

* single lepton / large jet multiplicity
e 0-4+ bjets
e dominant bkgd: ttbar, W/Z + jets
 data driven bkgd estimate:
* find b jet multiplicity templates at
lower jet multiplicities
 extrapolate to high jet multiplicity
using scaling parameterization
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Lepton and high jet multiplicity (cont...)

* NO excess is seen

gluino — neutralino

gluino — stop
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Pair produced resonances to 4j
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Pair produced resonances to 4j (cont...)

inclusive stop

* NO excess is seen

e limits set for both inclusive/b-tag 10
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|Eur. Phys. ]. C76 (2016) 541 |

q ¢

* 2 isolated leptons
* different flavor/charge

* Background:
* WW/ttbar,single top, Z+jets
* fake lepton (W+jet, QCD)

N. Bernard

Events

Data/SM Bkg

10° ATLAS

Different flavor high-mass dileptons
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Long Lived Particles
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ATLAS Simulation Préliminary

* There is no reason to expect most BSM particles to have negligible lifetime (i.e.
prompt)

* non-negligible lifetimes arise from:

* Small couplings, heavy mediators, small mass splittings, etc...

for example wino-like LSP scenarios favor long-lived charginos with lifetimes of

a fraction of a ns

» semi-stable decays inside the detector typically require non-standard analyses

Direct X1X] prod., long-lived ¥i  Disapp. trk 1 jet Yes 36.1 A 430 GeV

Direct X1 ¥] prod., long-lived X7 dE/dx trk g Yes 184 | ¥ 495 GeV
8 o Stable, stopped g R-hadron 0 1-5jets  Yes 27.9 g 850 GeV
= g Stableg R-hadron trk . . 32 | 1.58 TeV
ot Metastable g R-hadron dE/dx trk . . 3.2 g 1.57 TeV
S 8 GMSB, stable 7, ¥{ (@, p)+1(e, ) 124 : - 191 |2 537 GeV
= GMSB, ¥} -G, long-lived ¥} 2y - Yes 203 |& 440 GeV

2, /\?(l)—we\a/epv/,uyv displ. ee/ep/up - - 203 |2 1.0 TeV

GGM 33, X1 —ZG displ. vitx + jets - - 20.3 | X} 1.0 TeV
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Disappearing track
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Disappearing track (cont...)

High ET'*® region

Electroweak channel
(mﬁc, T)Zit) =(400 GeV, 0.2 ns)

Strong channel

(mg, Moz, T)Zit) =(1600 GeV, 500 GeV, 0.2 ns)
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Displaced multi-track vertices

ATLAS-CONF-2017-026

re-run ID tracking with loosened IP

constraints

low background:

* hadronic interactions
* random track crossing
* merged vertices

uses data-driven methods to predict

all backgrounds

reco. eff.

material veto
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Displaced multi-track vertices (cont...)
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* NO excess is seen 30
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Heavy long lived charged R-hadrons
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|Physics Letters B 760 (2016), pp. 647-665 |
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Metastable heavy charged particles

Phys. Rev. D 93, 112015 (2016)

(2]
S T * ATLAS
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Long lived neutral particles decaying in HCAL

; * dedicated cal-ratio trigger
P i ATLAS-CONF-2016-103
* BDT selects signal based on
S dii ‘ :
& _.=% f jet log(En/Eem), etc...
- G : . ° .
s # |* 2 cal-ratio jets passing BDT
8 3 :\ TTT T T TrrrT L \\\‘ L \\\‘ :
c< & 006 ATLAS Preliminary
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* Background: s °% e
) C ]
o . o 0.04 7
* Non-collision bkgd, QCD ° o :
.. 0.03[~ -
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0.02— -
. . 0.01— —
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BDT boundary = 0.1 72 64 27 27 60 £ 19
> y
5‘ B T T TTTTT T A
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Displaced lepton jets

* low mass Y4 leaves collimated
decay products.

e dedicated HLT narrowscan muon
trigger

 ABCD method removes
background (L] iso - Ad)

* Background:
* QCD, cosmic muons, Non-
collision bkgd

—d
o
)
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LJ Typel

LJ Type2

a
| Category | Observed events | Expected background |
All events 285 231 £ 12 (stat) £ 62 (syst)
Type2-Type2 excluded 46 31.8 + 3.8 (stat) + 8.6 (syst)
Type2-Type2 only 239 241 + 41(stat) + 65(syst)
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Conclusion

e RPV SUSY and long lived particle searches are crucial for maximizing the ATLAS
program’s sensitivity to BSM physics.

 Such analyses are often difficult and require non-standard techniques, but there are
already numerous interesting results for Run |l.

* These results have chipped away at the relevant parameter spaces, but there is still
a lot of space left!
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