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Summary of SUSY searches

We haven’t found SUSY (yet)
o Searches in just about every combination imaginable.

° More ideas to explore.

Experimentally SUSY can be thought as a “signal generator” for
searches.
o Model independent, re-interpretations, BSM signatures...

More details about every search:
o https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS

o https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults



https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

How to...
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Summary of inclusive searches
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Model-independent: sensitive to a wide-range of model assumptions.
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OL search for squarks and gluinos
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OL search with a7

Looking for multiple SUSY-inspired signatures. Categorlzatlon in number of (b) jets and
exclusive bins in Hy, H**® depending on control region statistics.

QCD background rejected with kinematic cuts, and remainder estimated using data
sidebands, simulation function to compute transfer factors. No sign of new physics.

Masses of up to 1.9 TeV (gluinos) and 1.3 TeV (squarks) are probed Also sensitive to third
generation squarks, long-lived (1073 < ¢ty < 10°mm) gluinos in Split SUSY models.
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s the jar full?




Not yet...
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Top tagging techniques: 60% efficiency for all possible decays of the
top.

Same final state with different dedicated signal regions: a powerful
analysis across many different mass splitting and decay modes

assumptions.
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Boosted Higgs search

High p; H — bb decay with small opening angle. Use large angle jets to
capture full Higgs decay. Identify Higgs tags by presence of two displaced
sub-jets. Jet mass shows clear peaking structure

Select events with 1 or 2 Higgs tags and large missing energy. Backgrounds
predicted from mass and bb-tag sidebands in data.
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Compressed stops

Compressed scenario with small Am (, LSP) proceeds through an off-shell
W, resulting in low-pr decay products.

Rely on large ISR boost for sizeable ETSS

Searches with 1l and 2I,
o Backgrounds from MC normalized to data in control regions.
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Towards lower cross-sections

Current dataset allows to target SUSY particle cross sections
electroweak SUSY production B NLO + NLL, pp, Vs =13 TeV
g ! oi —— 7.7, (higgsino-like)
Most of the LHC SUSY searches focus on £,.:., .\ Tt (Mino-lke)
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Summary of the searches

Similar reach in both collaborations.

Still quite some open phase space to explore with Run Il data.
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now?
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Targeting
corners
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Slepton production

Target direct slepton production, in events with 20SSF leptons.

The analysis exploits the My, variable that has an endpoint for SM backgrounds with
a W boson.

Results are in agreement with SM expectations. Slepton masses up to 400 GeV are

theory

probed.
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Slepton production

Target direct slepton production, in events with 2 OSSF leptons.

The analysis exploits the My, variable that has an endpoint for SM backgrounds with
a W boson and the invariant mass of the leptons.

Results are in agreement with SM expectations. Slepton masses up to 500 GeV are

probed.
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Stau production .

Target direct stau production (and chargino-neutralino), in events with e/p + T and events with e+p.

Events are classified by flavour, number of jets, EF¥SS, My, and D = pIss . ¢ — 34 . , with { the bisector of
the two leptons.

Results in agreement with SM expectations. Limits on chargino-neutralino production (up to 550 GeV) and

stau prod uction cross-section. _, CMS reiminay 35.9 b (13 TeV) _,,CMS preimnay 359157 (13 TeV)
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GMSB with photons

; S T mn Bty Beor v/ vy + MET + jets = strong production
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GMSB with photons ~ » . » 7
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EXPERIMENT

Compressed winos 2N

CMS ATLAS
2-soft leptons + EF*SS + |SR jet 2-soft leptons + EF*SS + SR jet

Search bins: using M, ET%SS Search bins: using My,, M-

Analysis also sensitive to stop Analysis also sensitive to slepton
production. production.

Data in agreement with SM. Data in agreement with SM.
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Compressed wWinos

Both CMS and ATLAS result has similar reach.

Chargino/neutralino masses are probed up to 220 GeV for a mass
diference of 20 GeV.
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Compressed higgsinos

Previous search also constrains models with
compressed higgsinos.

Another search for very small mass splitting in which
the higgsinos has finite lifetime that gives rise to a
disappearing track.

December 2017
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RPV searches

The presence of significant missing energy is the workhorse of most
SUSY searches.

Has served us well, but can potentially blind us to other possibilities
o |f R-parity is not conserved, neutralinos are not the end of the SUSY cascade.

Other possibilities open up.
An RPC-designed analysis can be potentially sensitive to RPV-signatures.

ATLAS has a broader program on RPV searches.

LFV pp—¥r + X, ¥r—veu/et/ut ELET,UT - - 3.2 A%,=0.11, A132/133/233=0.07 1607.08079

Bilinear RPV CMSSM 2e,1(SS) 0-3b Yes 20.3 m(@=m(g), eTrsp<1 mm 1404.2500

TR K WL H ey, ey, puv den - Yes  13.3 m(EY)>400GeV, 1120 (k = 1,2) ATLAS-CONF-2016-075
S HELE WL ST ey Bep+r - Yes 203 M) 0.2xm(FL), A133#0 1405.5086
& 28, 8—a901, X} — qqq 0 4-5large-Rjets - 36.1 m(E0)=1075 GeV SUSY-2016-22

8. 31, 0 — qaq e 8-10jets/0-4b - 36.1 miE)= 1 TeV, 21,20 1704.08493

&8, 8Nt fi—obs lep 810jets/0-4b - 36.1 m(F)= 1 TeV, 232520 1704.08493

fif1, Fiobs 0 2jets +2b - 36.7 1710.07471

ff, fi—bt 2ep 2h - 36.1 BR(F, —be/u)>20% 1710.05544




RPV 1lepton+jets

RPV multi-b analysis searching in tails of high Nj,; and high N},
multiplicity, we select events with one lepton and Hy > 1200 GeV,
Njet = 4‘, Nb = 1, M] > 500GeV

Signal regions defined in categories of number of (b)jets and jet mass.

Gluino masses probed up to 1.6 TeV.

M 9fb' (13 TeV
CMS simulation 13 TeV cms som (aTeyy o oS 35.9 fbo" (13 TeV)
; T |7\ LN N S B B S B B B \E - s T I_m~=1660GeV s —e— Observed 95% CL limit
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~ = -|S tt
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z ¢ E § 10° B over o 10°F Expected+2 s.d.
E L Post-fit uncertainty "6 r GNLOHNLL (pp — 55, § — tbs)
]
>
()
2
10E
i 1.55_ E
3 E © 1; Y 4 L ]
Coe b b e e e 1 T © 05F E
600 800 1000 1200 1400 O 5 ——— A R R B
- 1000 1200 1400 1600 1800 2000
M, [GeV] N
, [Ge b m; [GeV]

arXiv:1712.08920

28




RPV multijets

Search in events with 4 or more large jets.

Search regions using bins of the sum of jet masses: M]Z = X;my and |An,|
Data-driven backgrounds templates from events with less than 4 jets.

Masses are probed up to 1800 GeV.

a9 productlon g—)qqx x —> qqq
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2016-22/

We haven’t found SUSY (ye#):

Exploring new territories and ideas to cover all possible phase space:
Dedicated variables.
Object identification, backgr‘und estimation, systematic uncertainties.
Compressed spectra, RPV, displaced signatures...

Ny s

Run Il has opéned up new t iesgto¥EXplore, a jump in energy but also a
huge leap inflintegrated lum [

Exciting years ahead of us, s . ‘
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Strong production of squarks / gluinos

These are the “easy” searches for SUSY:

o Looking for pair-produced particle that decay with invisible particle emission
(E’IT_‘nLSS).

o Customized variables to reduce background and retain information about SUSY
masses.

Searches include OL, 1L and 2 or more lepton channels.
o Further categorization with discriminating variables.

AVO i d m Od e | _d e p e n d e nt a SS u m pti O n S ° é 0 = 1 Jet éﬂ,[zso.asn]é Hy [450,575] Hy [575,1000] Hy [1000,1500] f:::::e:ew

Pre-fit background

Multijet
[ Lost lepton
Mz

Data/Est.
o




Strong production: stops

Top quarks are very important in SUSY  _ g0, Ippjtt Tot II‘:/!onond2017
=

searches, dedicated stop searches are & e - CMS proimnay 359 10" (13 Tev) -
= b —sUS-16-033, 0-lep (HT™) - Expected 1

performed: £ 700 —SUS-16-036, 0-lep (M, _Obse”’e‘j_f

- —SUS-16-049, O-lep stop ]
600 —SUS-16-051, 1-lep stop ]

Naively, one would expect “light” stops - —SUS 17001, 2-lep stop

. ) ) 500 =Comb. 0-, 1- and 2-lep stop ., =
if we want SUSY to be “natural 4005_ &z _
Dedicated searches for stop pair 3005 £ E
production are designed in every 0 W
possible final state: 0-lepton, 1-lepton " '} IR E
and 2-Iepton. 0 ';60 ' '430' ' ‘6(|)OI ' 'a.clJol ' '1olob 200
my [GeV]

Most recent searches have
incorporated top quark tagging.



Summary of stop searches
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EWKino combination
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EWKino comb. (higgsinos
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O lepton search

Select events with 0 leptons and significant

EmlSS

Search regions defined by the number of bottom and top quark candidates.
o further binning in My,, E7***®, Hy adding a total of 82 signal regions.

Search sensitivity to many models with top / stop decays: stop masses are probed

upto1lTeV
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1 lepton search |
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16 dedicated analyses to cover all the phase space, for 2 gl et B S
various model assumptions.
Stop quark masses are probed up to 940 GeV.
The analysis also targets DM production.
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GMSB higgsino NLSP S

Select events with > 4 jets (> 3 b-tag) + ESS

High-mass search (u > 300 GeV): trigger on large EF*S, background from MC.

Low-mass search (1 < 300 GeV): Use b-jets triggers to probe low EF*5S extrapolate from 2b data.
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Covered in detail in M. Swiatlowski’s talk

ATLAS-CONF-2017-081
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Slepton production
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