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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

December 2017 Vs=7,8,13TeV
Model &UT,Y Jets ET [Lanm™] Mass limit V5=7,8TeV | y5=13TeV Reference

. §-q%; 0 26jets  Yes  36.1 m(¥?)<200 GeV, m(1* gen. §)=m(2™ gen. g) 1712.02332
w 4 §g¥) (compressed) monojet  1-3jets  Yes  36.1 m(@)-mE)<5 GV 1711.08301
QL g g 0 26jets  Yes  36.1 m(%})<200 GeV 1712.02332
S ot ToqaWit, 0 26jets  Yes  36.1 m(EY)<200 GeV, m(F*)=0.5(m(¥3)+m(z)) 1712.02332
S 2z, zoqu(tOT e, pu 2jets  Yes 147 m(E?)<300 GeV, 1611.05791
tg 2. §%qq(€£’/fg)’?? 3ep 4jets - 36.1 m(E)=0 GeV 1706.03731
3 &8 EoagWzh 0 7jets  Yes 364 mE?) <400 GeV 1708.02794
S GMSB(ZNLSP) 12740-1¢ O2jets  Yes 3.2 1607.05979

E’ GGM (bino NLSP) 2y - Yes 36.1 c7(NLSP)<0.1mm ATLAS-CONF-2017-080

GGM (higgsino-bino NLSP) k4 2jets  Yes  36.1 m(#?)=1700 GeV, cr(NLSP)<0.1 mm, >0} ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes  20.3 | FY2scale 865 GeV m(G)>1.8x 107 eV, m(z)=m(3)=1.5TeV 1502.01518
§, B 2z go0bt] 0 3b Yes  36.1 m(2?)<600 GeV 1711.01901
3 S & Eonl) 0-1ep 3b  Yes 361 m(?})<200 GeV 1711.01901
Biby, bi—bt) 0 2b Yes  36.1 m(r?)<420 GeV 1708.09266
by, b1ty 2eu(88) b Yes  36.1 2757700 GeV m(P2)<200 GeV, m(E¥)= m(¥?)+100 GeV 1706.03731

171, hob¥i 0-2eu  12b  Yes 47/133 117470GeV | 200720 GeV' mEE) = 2m(PY), m(E)=55 GeV 1209.2102, ATLAS-CONF-2016-077

%'§ 17, > Wb or i) 0-2e,u 0-2jets/12b Yes 20.3/36.1 90-198GeV.  0.195-1.0TeV meE)=1Gev 1506.08616, 1709.04183, 1711.11520
5 a ), k] 0 mono-jet  Yes  36.1 m(i)-m(¥?)=5GeV 1711.03301
S § 171 (natural GMSB) 2eu(2) 1b Yes 203 |#@ 150-600 GeV m(%})>150 GeV 14035222
" b hoh+Z 3e,u(2) 16 Yes 361 |& 290790 GeV m(E})=0 GeV 1706.03986
bf, ot +h 1-2epu 4b Yes  36.1 [ ~ 320-880GeV m(¥)=0GeV 1706.03986
trlig, I-E0) 2ep 0 Yes  36.1 mer)=0 ATLAS-CONF-2017-039
R, XY - Pv(em) 2epu 0 Yes  36.1 m(#)=0, m(Z, 7)=0.5(m(¥5}+m(E})) ATLAS-CONF-2017-039
TR K5, X —tv(ti), Ba—tt(vi) 27 - Yes  36.1 m(¥)=0, m(z, #)=0.5(m(¥; }+m(¥})) 1708.07875
> B Ao BVELEGw), tLE) 3epu 0 Yes  36.1 m¥5)=m(B3), me})=0, m(Z, 7)=0.5(m(¥; ) +m(¥})) ATLAS-CONF-2017-039
o L w-wiizd) 23epu  02jets Yes 361 m¥i)=m(¥3), m()=0, £ decoupled ATLAS-CONF-2017-039
S GRS WERL, hosbb/WW/rt/yy ey 026  Yes 203 |#5A 270 GeV mEEE)=m(E), m7%)=0, £ decoupled 1501.07110
T, X5 ot dep 0 Yes 203 |, 635 GeV mE9)=m(B3), m(¥})=0, m(Z, %)=0.5(m(¥3)+m(¥})) 1405.5086
GGM (wino NLSP) weak prod., £]—»yG 1e.u+7 - Yes  20.3 115-370 GeV cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥ —yG 27 - Yes  86.1 cr<imm ATLAS-CONF-2017-080
Direct Y1 %] prod., long-lived ¥i Disapp. trk 1 jet Yes  36.1 m(EE)-mE7)~160 MeV, 7(F)=0.2 ns 1712.02118
Direct 1%; prod., long-lived X7 dE/dx trk - Yes 184 | 495 GeV miEs)-m(E7)~160 MeV, 7(¥;)<15 ns 1506.05332
Ba Stable, stopped g R-hadron 0 1-5jets Yes 27.9 m(¥))=100 GeV, 10 ps<r(2)<1000 s 1310.6584
=& Stable g R-hadron trk - - 32 1606.05129
‘S Metastable  R-hadron dE/dx trk - - 32 m(#)=100 GeV, r>10 ns 1604.04520
s 8 Metastable g R-hadron, F—qgty displ. vix - Yes 328 7(2)=0.17 ns, m(¥}) = 100 GeV 1710.04901
. GMSB, stable 7, 117, f)+1(e, 1) 12u - - 194 |8 10<tanB<50 1411.6795
GMSB, ¥} -G, long-lived ¥} 2y - Yes 203 |B 440 GeV 1<7(¥})<3 ns, SPS8 model 1409.5542
88, X1 —eev/euv/upy displ. ee/ep/pp - - 203 | & 7 <ct(¥)< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—¥: + X, r—ep/et/ut et uT - - 3.2 25,,=0.11, A132133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS) 03b Yes 203 1.45 TeV m(@)=m(g), crzsp<1 mm 1404.2500
T WIS, B —seev, epv, v depn - Yes 133 m(E)>400GeV, Ai2#0 (k = 1,2) ATLAS-CONF-2016-075
S B X W X Sty etve Bep+t - Yes 203 ME2)>0.2xm(¥t), 1z3#0 1405.5086
& 88, 8—qq%1, X1 > qqq 0 45large-Rjets - 36.1 meP)=1075 GeV SUSY-2016-22
88, g1, X1 - qqq 1eu 810jets/0-4b - 36.1 mO)= 1 TeV, A12#0 1704.08493
88, it i—bs 1e,u 8-10jets/0-4b - 36.1 m(f)=1TeV, A33#0 1704.08493
hi, h—bs 0 2jets+2b - 36.7 11480-610 GeV 1710.07171
fify, fi—bt 2epu 2b - 361 |7 . 04145TeV BR(f; —be/u)>20% 1710.05544
Other Scalar charm, z—cf] 0 2¢ Yes 203 |& 510 GeV m(¥})<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or _1 1
phenomena is shown. Many of the limits are based on 10 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.



MOTIVATION FOR LLPS

e What | think concerns a lot of people in this room

Regions where B(H" — mymy) > 50% is excluded at 95% CL
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LLPS & HL-LHC

e Combination of energy + luminosity gives LHC unique discovery

power for many types of LLP
vantage of this powerful machine?

e How do we best take ac
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LLP CHALLENGES: LOW MASS

e Low-mass LLPs are one of the major gaps in coverage at the
LEIC

e Everything is difficult: trigger, reconstruction, backgrounds

e High multiplicities of soft
particles from decay ot hidden-
sector particles

and/or

e Associated production of
prompt, SM objects

/ ' / and/or
/\ e |ong litetimes

2



LLP CHALLENGES: LOW MASS

e Examples: hidden valley or Higgs-portal singlet
1
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LLP CHALLENGES: LOW MASS

e Examples: Majorana neutrinos
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LLP OPPORTUNITIES: LOW MASS

e Track information available at or just after L1

p;=-2 GeV

pr=+2 GeV

beam axis

Gershtein, arXiv:1705.04321

FProcessing

e What are the best ways to use this information to trigger
on low-threshold displaced objects?
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LLP OPPORTUNITIES: LOW MASS

e Need to take care that addition of tracking information at trigger
level does not discard displaced objects!

CMS Preliminary Simulation {s = 13TeV
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LLP OPPORTUNITIES: LOW MASS

e The addition of high-precision timing information could add a
new dimension to displaced vertex searches

e Could be game-changer for photons from LLP decays (most
searches require 2+ energetic photons along with MET or
some other hard objects)
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e Can be used at trigger level? Backgrounds?
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LLP OPPORTUNITIES: LOW MASS

e LHCb is uniquely positioned to study low pT, forward physics

e Sensitive to low-mass, short-lifetime LLPs, but limited by
luminosity and acceptance

* Many opportunities — what is the best way to use excellent
vertexing, PID?
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LLP OPPORTUNITIES: LOW MASS

 What are opportunities for trigger upgrade/online reconstruction?

e Trigger-level analysis has been useful for low-mass dijet
searches

e LHCb online reconstruction of every event has possibility of
significantly improving efficiency of low-mass searches

e \What about ATLAS/ICMS? Brom Bhil Harris (EMS):

There may be the possibility to have full read out at 40 MHz and
storage of final state particles with the CMS trigger upgrade. For sure
we will be able to store the L1 PF candidates of every event above a
threshold (which is the pf candidates with tracks having pT > 2 GeV
using the CMS strip track trigger and full calorimeter info). However, we
may have the possibility to store fully reconstructed strips, pixels and
fast timing information.

12



LLP CHALLENGES: SHORT LIFETIME

* Many searches require > mm displacements to suppress heavy-
tflavour backgrounds

e However, short-lifetime high-mass vertices could still be striking

Reglons Where B(H 0 —> 7rV7rV) > 50‘7 is excluded at 95‘7 CL
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e LLP variant of b-tagging to cover “mesoscopic” litetimes?
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LLP CHALLENGES: LONG LIFETIME

e Low probability of decay inside detector

e ATLAS has powerful searches in HCAL & MS sensitive to low
mass, but currently need two DVs

e One DV search would suffer from large backgrounds
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ATLAS, arXiv:1504.03634 14



LLP OPPORTUNITIES: LONG LIFETIME

e Distant (shielded) detector to capture large-displacement decays
or other soft LLP signals: can they be tweaked to improve reach?

MilliQan

} CODEX-b

xleml A |p TAS Q1 Q2 Q3

e New ideas for detectors to enhance sensitivity to LLPs?
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LLP CHALLENGES: SHOWERS

e Strong dynamics in a hidden sector can be difficult to look for
e We don't always (often?) know how to model the signals!

e How do we comprehensively cover these signatures?

Knapen et al., arXiv:1612.00850 Strassler, Zurek, 2006

T Schwaller, Stolarski, Weiler, arXiv:1502.05409



LLP OPPORTUNITIES: SHOWERS

CMS PAS EXO-18-001

Search for new particles decaying to a jet and an emerging

jet
The CMS Collaboration
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LLP CHALLENGES: EXOTICS

e There are even more difficult things to look for like quirks

) 07,
77

777
/ (c)

e Recent proposals for new searches, but right now propagation

Kang Luty, arXiv:0805.4642

not even modelled in Geant4 (to my knowledge...)

Farina, Low, arXiv:1703.00912
18 Knapen et al., arXiv:1708.02243



NOW IT'S YOUR TURN...

e Lots of challenges to overcome to make the best use of the HL-
LHC to discover LLPs

e This workshop is a chance to qualitatively and quantitatively
explore new ideas for detecting LLPs

e Open-ended format is meant for you to explore new ideas
that come up in discussions and foster new collaborations

e We're looking forward to seeing your ideas & results on Friday!
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