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Introduction

CMS Integrated Luminosity Delivered, pp
LHC performed very well,
Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC

delivering > 150 fb-1 < SoTo T Tev aso T 100

Huge challenge to quickly 8Tev. 223
process this amount of data

e Understand detector &
object performance

e prmiss tails very important

for SUSY searches 20) / |20

Most results on full Run 2 data 0
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2018, 13 TeV, 67.9 b !
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SUSY searches are expanding

* Big inclusive searches complemented by dedicated searches to
close gaps in coverage

e Machine learning for H, b, c, top,... tagging
* Improved analysis techniques



Overview of recent
Strong SUSY results

ATLAS * ATLAS

EEEEEEEEEE  Dbjets+H+ptmiss (139 fb-1) ATLAS-CONF-2019-011
e Displaced vertex/muon (136 fb-1) ATLAS-CONF-2019-006 —
e Stop via tt spin correlations (36 fb-')  arxiv.org:1903.07570 —
e >3b+prmiss (80 fb-1) ATLAS-CONF-2018-041
e Stop with ¢ tagging (36 fb-1) arxiv:1805.01649
* Tht+jets+prmiss (36 fb-1) arxiv:1808.06358

CMS, !

|+ CMS

e Jets + M2 (137 fb-1) CMS-PAS-SUS-19-005
e Same-sign 2| + =3I (137 fb-1) CMS-PAS-SUS-19-008
e GGM combination (36 fb-1) CMS-PAS-SUS-18-005
e 2 photons + ptmiss (36 fb-1) arxiv:1903.07070
e (b)jets + photon (36 fb-1) arxiv:1901.06726 ——»
e Stop in top corridor (36 fb-1) arxiv:1901.01288

 ATLAS public results page: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
SupersymmetryPublicResults

e CMS public results page: http://cms-results.web.cern.ch/cms-results/public-results/
publications/SUS/index.html
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i SUS-19-005
Jets + Mo

* Inclusive search targeting wide range of strong SUSY models
° : : : : _ NEW disappearing track
282 signal regions defined using Hr, Nj, Np, M
 Backgrounds estimated using data control regions
° Lost |epton meiSS from W—}IV CMS Preliminary 137 b (13 TeV)

= 2j, Ob, 1 lepton
* |rreducible, ptmiss from Z—vv My, > 200 Gov
e prmiss from jet mismeasurements
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We observe no evidence for an

excess above the expected
background event yield

Data/Pred.



http://cds.cern.ch/record/2668105?ln=en

CMS
SUS-19-005
JetS + MT2
[
o

Interpret using simplified models of squark and gluino production
Extend reach by 150—350 GeV compared to 36 fb-1 results
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@ NEW

T LAS ATLAS-CONF-2019-011

=zm Djets + H + prmiss

* Use Higgs boson as probe for new physics

I'I'I

_ b
* Exploit large branching fraction of H—bb . 5
e Use AR and invariant mass of Higgs candidates 7 4 ;/ ~0
. . - . -~ =0 Xl
e Search regions with many b-jets and prmiss - Xg
* Optimized to target different regions of phase “‘B*- ~ o X2 0
space, e.g. bulk vs compressed D : o~ .
e Main background is tt or Z+jets, estimated using b
1- and 2-lepton data control regions
sy b-jets from b, decays m ISR jet mp b-jets from b, decays
SRA TargEt —p b-jets from h decays SRB Target mmmlp b-jets from b; decays SRC TargEt =P b-jets from h decays
- E}I?iss - b-jets from h decays ——— E}I’f}iss
__*Erlf?iss
Lower Np
------- > --_______-*
\ “bulk” region, compressed, compressed,

high Am 6 Am =130 GeV m( ¢}) = 60 GeV


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2019-011/
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CMS /|

NEW

SUS-19-008

SS + multilepton

Processes producing 2 same-sign or >3 leptons very rare in SM
— Low-background environment for searches

Broad search targeting gluinos, top squarks, bottom squarks

168 search regions defined using kinematic variables: lepton pr,
Ni, Nb, mtmin, Ht, ptmiss, |epton charge

Includes regions at low prmiss ,  tHS Feimnay HH 137 fo~* (13 TeV)
—~ sensitivity to RPV models %\; .

- WW . ¢ Data[5206]
Main backgrounds: 102 £

e Rare SM, e.g. WZ, ttW, ...
* Nonprompt leptons
* Electron charge flip

10! 4

10_13

Good agreement between data
and prediction is observed

Data/Pred.


http://cds.cern.ch/record/2668107?ln=en

SUS-19-008

CMS,

" Compact Muon Solenoid

SS + multilepton

* Reach extended by 150-200 GeV compared to 36 fb-1

New interpretation!
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on tricky corners of phase space

JHEP 09 (2018) 050

Top squarks

* Recent results with partial data set focusing p ) :

 ‘Compressed spectra’ with charm tagging 0 *ot‘e X
p

and high prtmiss (from ISR boost)

e Also sensitive to charm squark production (up to 800 GeV)
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36 fb-1

SUSY with photons

 Motivated by gauge-mediated SUSY breaking

e Combination of 4 analyses, overlaps removed:

* Photon + lepton + ptmiss
* Photon + St + prmiss
* Photon + Ht + pymiss
* Diphoton + prmiss (not included for gg interpretation)
CMS Preliminary 35917 (13 TeV)
E Data 7/ Total bkg. unc. QCD multi-jet / y + jet
g 10° + / N
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Future projections

arXiv:1812.07831
arXiv:1902.10229

t
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2018-021/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/FTR-18-037/index.html

Summary & outlook

Successful Run 2 of the LHC finished at the end of 2018
Now in LS2, preparing for Run 3

First full Run 2 results on strong SUSY presented

 Exclude gluinos up to 2.2 TeV and sbottoms up to 1.4 TeV in
simplified models

* Many more results to come in next months

Dedicated analyses with slightly longer time scales
* Results with 2016+2017 data still appearing

* Going after difficult corners of phase space and closing gaps

Not done yet! HL-LHC data set allows for increase in
sensitivity of 0.5—1 TeV
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. min |
ﬁ%uss }({1) + ﬁ%ﬂSSX{ZJ :ﬁ{!nlss

Jets + M2

Jet selection

R =04, pr>30GeV, || <24

b tag selection

pr > 20GeV, |n| < 24

piss > 250GeV for Hy < 1200GeV, else piss > 30 GeV

PT Aprmin = B (PT, j1,2,34) > 0.3
|ﬁrlrm55 _ IEI'rrrniss|/p;Fniss < 05
{max ( M(l), M "(1“2)) } Inclusive Mr, search (if N; > 2):
M, > 200 GeV for Ht < 1500 GeV, else M1, > 400 GeV
Mr,
Search for disappearing tracks (if N; > 2):
MT2 > 200 GeV
Veto muon pr > 10GeV, |57] < 24, pS™ < 0.2 plTEP

Veto muon track

pr > 5GeV, || < 2.4, My < 100GeV, pS'™ < 0.2 pyF

Veto electron

Veto electron track

pr > 10GeV, |y < 2.4, p3™ < 0.1 p?
pr > 5GeV, |5| < 2.4, My < 100GeV, p™ < 0.2 pP

Veto track

pr > 10GeV, |5| < 2.4, My < 100 GeV, p$™ < 0.1 plrack

p™ cone (isolation)

Veto e or ¢: AR = min (0.2, max(10 GeV/plTeP,O.OS))
Veto track: AR =0.3




Jets + M2
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Jets + M2

Table 2: Typical values of the systematic uncertainties as evaluated for the simplified models of
SUSY used in the context of this search. The high statistical uncertainty in the simulated signal
sample corresponds to a small number of signal bins with low acceptance, which are typically
not among the most sensitive signal bins to that model point.

Source Range [%]
Integrated luminosity 2.3-2.5
Limited size of MC samples 1-100
Renormalization and factorization scales 5

ISR modeling 0-30

b tagging efficiency, heavy flavors 0-40

b tagging efficiency, light flavors 0-20
Lepton efficiency 0-20
Jet energy scale 5
Fast simulation pss modeling 0-5

19



[GeV]

m_o

-

C M S Preliminary

2000

137 b (13 TeV)

1800

1600

pp—>8G.g—tl i? Approx. NNLO+NNLL exclusion

—Observed = 10,
c::Expected + 10

theory

experiment

1400

1200

1000

800

600

400

200

1
1
1
1
L}
1
1
1
1
1
1
(]
1
(]
1

)

0
600

800 1000 1200 1400 1600 1800 2000 2200 2400
m [GeV]

107®

Jets + M2

95% CL upper limit on cross section [pb]

[GeV]

M_o

1200

CMS prreiiminary 137 b (13 TeV)

~1000

X

800

600

400

200

pp — b E b-b T(? Approx. NNLO+NNLL exclusion

=—Observed = 10,

experiment

1

1
L]

]
]
L]
i

1 y
e ooy 1y | (O 1l

400 600 800 1000 1200 1400
ms [GeV]

20

o
L

107"

1072

o
b

95% CL upper limit on cross section [pb]

800

600

400

200

CMS preiiminary 137 fb (13 TeV)

op =TT, Tt )—(? Approx. NNLO+NNLL exclusion

—Observed = 10y,

200 400 600 800 1000 1200
m- [GeV]

1400

10
o)
2
c
’ ()
(3]
Q
(/2]
o
3
=1
10 5
| -
O
=
1072 £
o)
Q.
s
10°
@)
P
n
10“0’



Events

104
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ATLAS Preliminary
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CRs, pre-fit
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bjets+H+ prmiss

Variable SRA SRA-L SRA-M SRA-H
Nieptons (baseline) = =0
]Vjets Z 6 Z 6
Nb—jets > 4 > 4
ERS [GeV] > 350 > 350
min Aé(jet, _,, pr™°) [rad] > 0.4 > 0.4
T veto Yes Yes
pr(by) [GeV] > 200 > 200
AR, . (b,b) i 2.5 i 2.5
ARmax—min(ba b) l 2.5 i 2.5
M (heang) |GeV] > 80 > 80

Meg [TeV]

>1.0 | €[1.0,1.5]

€[1.5,20] >20

Variable SRB
Nieptons (baseline) =0
]Vjets 2 5
Nb—jets > 4
ERS [GeV] > 350
min A¢(jet,_,, pr™) [rad] > 0.4
T veto Yes
m(hcand17 hcand2)avg [GGV] S [757 175]
leading jet not b-tagged Yes
pr(J1) [GeV] > 350
[Ad(jr, Ex™)| [rad] > 2.8
Meg [TeV] > 1

Variable SRC SRC22 SRC24 SRC26  SRC28
Nieptons (baseline) = =0

]Vjets Z 4 Z 4

Nb—jets >3 >3

ERS [GeV] > 250 > 250

min A¢(jet,_,, pr > 0.4 > 0.4

S >22 | €1[22,24] €1[24,26] €[26,28] > 28
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SS + multilepton

(a) T1tttt

(e) T6tHZ
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Six exclusive categories are then built:

SS + multilepton

e SSHH: exactly 2 leptons, both with pr > 25GeV, and p2 > 50 GeV.

e SSHL: exactly 2 leptons, one with pr > 25GeV, one with pp < 25GeV and p2iss >
50GeV.

e SSLL: exactly 2 leptons, both with pp < 25GeV and p=ss > 50 GeV.
o LM (low piiss): exactly 2 leptons, both with pr > 25GeV, and p=iss < 50 GeV.

e ML (multilepton): > 3 leptons, at least one with pt > 25GeV, p
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Events

S + multilepton

Six exclusive categories are then built:
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SSHH: exactly 2 leptons, both with pr > 25GeV, and p2 > 50 GeV.
SSHL: exactly 2 leptons, one with pr > 25GeV, one with pr < 25GeV and piiss >

50 GeV.

SSLL: exactly 2 leptons, both with pr < 25GeV and p=iss > 50 GeV.
LM (low p@iss): exactly 2 leptons, both with pp > 25GeV, and piss < 50 GeV.
ML (multilepton): > 3 leptons, at least one with pr > 25GeV, piss > 50 GeV.
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SS + multilepton
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SS + multilepton

Table 7: Summary of the sources of uncertainty and their effect on the yields of different pro-
cesses in the SRs. The first two groups list experimental and theoretical uncertainties assigned
to processes estimated using simulation, while the last group lists uncertainties assigned to
processes whose yield is estimated from data. The uncertainties in the first group also apply to
signal samples. Reported values are representative for the most relevant signal regions.

Source Typical uncertainty (%) | Correlation across years
Integrated luminosity 2.3-2.5 Uncorrelated
Lepton selection 2—-10 Uncorrelated
Trigger efficiency 2—-7 Uncorrelated
Pileup 0—-6 Uncorrelated
Jet energy scale 1-15 Uncorrelated
b tagging 1-10 Uncorrelated
Simulated sample size 1-20 Uncorrelated
Scale and PDF variations 10 — 20 Correlated
Theoretical background cross sections 30 —50 Correlated
Nonprompt leptons 30 Correlated
Charge misidentification 20 Uncorrelated
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Stop with charm tagging

e A "tight” working point was adopted in the analysis, resulting in a
charm-tagging efficiency of about 18%, a b-jet rejection factor of
20, a light-flavour jet rejection factor of 200, and a hadronic T jet
rejection factor of 6,

m} = min \/2 - EMSSp . (1 — cos Ag(ET™S, p%)),

c-jets

SRI | SR2 | SR3 | SR4 | SRS
Trigger E.}“iss triggers
Leptons Oe AND O u
ET™ [GeV] > 500
Admin(jet, ET™) [rad] > 0.4
Nc—jets > 1
Niets >2 >3 >3 >3 >3
Leading jet c-tag veto yes yes yes yes no
p:}l [GeV] > 250 > 250 > 250 > 250 | > 300
p{? [GeV] = — > 100 > 140 | > 200
p:’r?’ [GeV] - - > 80 > 120 | > 150
pflil [GeV] < 100 > 60 > 80 > 100 | > 150
m7. [GeV] € (120,250) | €(120,250) | € (175,400) | > 200 | > 400
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Stop with charm tagging
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Top corridor — M2

The sensitivity of the analysis comes from a precise estimate of the tt background,
using MC simulation and exploiting the 6% [54] theoretical uncertainties on the
predicted cross section and the even smaller [31, 69] experimental uncertainties on
the measurement. Additional sensitivity comes from the small kinematic differences
between the target signal and the tt background, which become more important
with increasing top squark mass and increasing mass difference between the top

squark and neutralino.
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Top corridor — Mo

Source Range (%)
ur and U scales 0.3-1.0
PDF ~0.6
Initial-state radiation 0.5-1.0
Final-state radiation 0.6-1.2
ME/PS matching (hgamp) 0.3-2.0
Underlying event ~0.8
Colour reconnection ~1.5
Top quark pt reweighting 0.1-0.5
Top quark mass (acceptance) ~1.0
Source Range for tt and signal (%)
Muon efficiencies ~1.4
Electron efficiencies ~1.5
Trigger efficiency ~0.6
Lepton energy scale 0.5-2.0
Jet energy scale 1.5-3.0
Jet energy resolution 0.3-3.5
btagging efficiency 1.2-2.0
Mistag efficiency 0.2-0.6
Unclustered energy 0.5-1.5
Pileup 0.5-3.5
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