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Minimal supersymmetric model (MSSM): Assign to each SM particle a SUSY particle
with spin differing by %
Higgs field is doubled - 5 physical Higgs bosons mixed (B, W, H, H,)
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Minimal supersymmetric model (MSSM): Assign to each SM particle a SUSY particle
with spin differing by %
Higgs field is doubled - 5 physical Higgs bosons mixed (B, W, H, H,)
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In the MSSM, proton could decay through SUSY
particle exchange with new couplings:
W =2"UDD + A" LQD + ALLE

Solution: define the quantum number R-parity with
+ R=1: SM particle
v+ R=-1: SUSY particle
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ATLAS |

EXPERIMENT

Lightest SUSY particle in R-parity _
conserving models: Observations
—> viable dark matter candidate

Corrections to the Higgs mass cancelled
by extra loops with SUSY particles

_ASTE 2. 30 -
© o R (x 10001y)

RS

Gravity can be included in SUSY

. . < without SUSY
Neutrinos masses are expected in SUSY

Unification of the forces at about 1016 GeV

SUSY is not just a model, it’s a consistent theory 1 - with SUSY
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0 10°

7)) . 10"
Energy in GeV
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Search strategy ATLAS |

Cross section drives sensitivity!
+» Mass reach for strong production higher than for electroweak production

Systematic approach to cover all PP, V'S =13 TeV, NLO4NLL - NNLO+NNLL
possible production and decay — §§ — RS (wino)
modes including dedicated 3 \ —— 4§ —— Ff¥i (wino)
searches targeting special | tt t
scenarios

(e.g. compressed spectra, long-
lived particles)

cross section [pb]

Address both R-parity conserving
and violating models

Determination of main backgrounds

from data in control regions

1000 1500 2000 2500
particle mass [GeV]

Analysis results presented using
simplified models
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Overview of discussed searches ATLAS |

Focus on new results mostly with full Run 2 data:

Strong production
+ Generic searches for gluino and squark production
» Full-hadronic channel
» Leptonic channels (2 same-sign leptons and 3 leptons)

Electroweak production
+ Neutralino-Chargino production
+ Slepton production

Long-lived particles
+ Delayed photons
+ Displaced opposite-sign leptons
+ Disappearing tracks

Isabell-A. Melzer-Pellmanft - *  sUSY Searches EPS-HEP 2019



Search for gluinos and squarks ATLAS |

Main discriminators in most searches:

» Missing transverse momentum (p¥%) from the lightest SUSY particle (LSP)
escaping the detector

» Large hadronic activity due to heavy SUSY particles
» (Large) number of jets
» Possibly (several) b-tagged jets

Isabell-A. Melzer-Pellmanf \ SUSY Searches ' EPS-HEP 2019



8

earch for gluinos and squarks: |
_ Al Full-hadronic final state R ATLAS

Main backgrounds:

+ Lost lepton events (mainly W+jets, ttbar):
% Determined in single-lepton control region in data
+ Irreducible background with genuine p™55, mainly Z-> vv
&= Determined in a Z - Il control sample in data
» QCD multijet events
= Determined from CMS 137 f6' (13 TeV)
data "UE) v 2=< N]etSS i i i 85N,9159 i Njet210
: , 10" : . . -
Signal regions Q Eo
categorized in bins w10
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earch for gluinos and squars:

imits on gluino production ATLAS

CMS 137 o' (13 TeV) CMS 137 fb" (13 TeV)

pp — 3G, g — t TX° Approx NNLO+NNLL exclusion

pp—=§9,9—>qq i? Approx NNLO+NNLL exclusion

=Observed = 10, oy

=Observed = 10y,
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Exclude gluinos decaying to 1st or 2nd generation below 2 TeV,
and below 2.2 TeV for decay to 3rd generation squarks
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earch for gluinos and squars:

imits on squark production ATLAS

CMS rreiiminary 137 b (13 TeV) OCCMS Preliminary 137 fb' (13 TeV)

pp > 40, 4—q i? Approx. NNLO+NNLL exclusion

=—Observed £ 10, ory
fiiExpected+ 1,20

pp — b B, b bj“(? Approx. NNLO+NNLL exclusion
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Exclude 15t and 2"9 generation squarks below 1.75 TeV (1.3 TeV if only one
squark is light), and bottom squarks below 1.25 TeV
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earch for gluinos and squar

Leptonic final states

S:

ATLAS |

EXPERIMENT

Require 2 same-sign leptons with pr > 20 GeV (allow 3™ lepton with pr > 10 GeV)
Five complementary signal regions for a coarse scan of the phase space:

SR

ne

nj

EISS [GeV]

meg [GeV]

EP™ fmen

> 2 (£56%)

> 6 (pr > 40 GeV)

> 2600

Rpc2L0b

> 2 (£E0%)

> 6 (pr > 40 GeV)

> 200

> 1000

Rpc2L1b

> 2 (££0%)

> 6 (pr > 40 GeV)

Rpc2L2b

> 2 (H6%)

> 6 (pr > 25GeV)

> 300

> 1400

Rpc3LSS1b

> 3 (£X0%0%)

no cut but veto 81 GeV < m,z.x < 101 GeV
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earch for gluinos and squars: |
Leptonic final states ?ﬁl!:ﬁé

Main backgrounds:

+ WZ+jets in SR with 0 b-jets and ttbar+V in SRs with b-jets
% Both estimated from simulation with theory cross section

+» Events with charge flipped electron (mainly ttbar and Z+jets)
< Estimated from data by weighting OS data by the flip rate

+ Fake / non-prompt leptons
& Estimated from data

$ Data Total uncertainty l:l Fake/non-prompt
Il charge-fip [ tW)Z, tiH, fivy, 3t, 4t [ tiz
[ ]tw [wz I ww, 2z, VH, vwv
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Validation regions Signal regions
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earch for gluinos and squars :
Limits on gluino production ATLAS

R-Parity violating model

g § production, § — qq'WZ%,; m(%,) = (m(3) + m(}))/2, M(x}) = (M(,) + ME;)/2 § g production, § » {1, T »bd

— ATLAS Preliminary 2000 — ATLAS Preliminary

L Expected Limit (1 6,,) {5=13 TeV. 139 fb"
S= ev,

- Vs=13TeV, 139 fb” o cUsy . il
= All limits at 95% CL — Observed Limit (+1c,,.;) Al limits at 95% CL —— Observed Limit (+103.7%)
SS/3L obs. 36 fb

SS/3L obs. 36 fb
[arXiv:1706.03731] [arXiv:1706.03731])
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Exclude gluinos with mass below 1.65 (1.6) TeV in RPC (RPV) model
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earch for gluinos and squars :

imits on squark production ATLAS

B, b, production, b, 17", m(7’) = m(’) + 100 GeV £f; production, f; — W', 7, — W*}: m(x}) = m(£)-275 GeV ; m(7))=m(3;)+100 GeV ; m(y.) = m(7’)
1™ 1 1 1 1 1" M 1 1 Xy 1 1 1

- ATLAS Preliminary Expected Limit (+1 6,,)

 Vs=13TeV, 139 fb" sy
_ Alllimits at 95% CL — Observed Limit (£10y,..,)
SS/3L obs. 36 fb’
[arXiv:1706.03731]

~ ATLAS Preliminary —ppit

| ys=13TeV, 139 fb™ Theoretical uncertainty

All limits at 95% CL — - Expected limit

— Observed limit
[ Expected + 1o

Expected * 26
___SS/3L obs. 36 fb
[arXiv:1706.03731]
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Exclude shottoms and stops with mass below 750 GeV
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ATLAS

EXPERIMENT

CMS (preliminary) May 2019 Vs=13 TeV, 36.1 - 139 fb’ July 2019
T T I T T T I T T T | T T T I T T T [ T T T I T
9o, olep. 1712023321 - ATLAS Prellmmary_
g—» by 2 3 b-jets [CONF-2018-041)
G- i7" 2 3 b-jets + 2 2 lep. SS [CONF-2018-041, 1706.03731)
G- qaW3’ 0lep. + 1 lep. [1712.02332, 1708.08232)
OWZ; 2711 jets + 1 lep. + = 2 lep. SS
[1708.02794, 1708.08232, CONF-2019-015]
vial'v 2lep. OS SF + 2 3 lep. [1805.11381, 1706.03731] ]
> 17 [1808.06358]
> 1y [1802.03158)

Overview of SUSY results: gluino pair production

36/137 fb™" (13 TeV) 3500

) [GeV]

PP — 88

91 06: SUS-19-005;SUS-19-006,arXiv:1710.11188,1802.02110

14: arXiv:1705.04673;1709.09814

2( same-sign, > 3(: SUS-19-008

g — tt — ttx?| 0 arXiv:1710.11188 AM; = My, Mg = 400 GeV.

10: arXiv:1705.04673 AM; = Mi, Mgy = 400 GeV 2500

2/ same-sign, > 3(: SUS-19-008 AM; = My, Mgy =400 GeV

g — tt — tc?| 06 arXiv:1710. 11188 AM; = 20 GeV/

20 same-sign: SUS-19-008 AM; = 20 GeV 2000

g — tbyy — tbff'{? | 0% arXiv:I70407781 AM_. =5 GeV, Mgy = 200 GeV

2/ same-sign: SUS-19-008 AMg: =5 GeV

g — (ttX9/bbR?/tbyE — tbff’y?) [0f arXiv:i710:11188 AMgs =5 GeV, BF(tt:bbith) = 1:1:2 1500
& — bbi | 06: SUS-19-005;SUS-19-006,arXiv:1802.02110
& — qq¥?| 0: SUS-19-005;5US-19-006,arXiv:1802.02110

& = qq(Xi/33) — qa(W/Z)1} | 0f: SUS-19-006 BR(HD) = 21,2 =05 1 000

~0
m()(1

3000

lllllllll

All limits at 95% CL
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& — qqX3 — qqH{Y| 06 arXiv:1712.08501
& — qq¥3 — qqH/Z{?| 06 arXiv:1712.08501 BF = 50%

2/ same-sign, > 3(: SUS-19-008 BF(XF:%9) = 21, = 0.5
& — qu¥i — qqWi9 |16 aXivi700.09814 =05 §
2/ same-sign, > 3(: SUS-19-008 5 500 -
C d J Ll

- J - 1 - 1 -1 ﬂ
‘ ‘ ‘ ‘ 1000 1200 1400 1600 1800 2000 2200 2400
0 500 1000 1500 2000

mass scale [GeV] m(§) [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and & represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.

Sensitivity depends strongly on the underlying model

Simplified models often assume branching ratios of 100% for one decay
channel, expect lower sensitivity if several decay channels are possible
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Dedicated stop searches:
Results with full Run 2 ATLAS
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Dedicated stop searches:
Single-lepton final state

| boosted tops

300 my [GeV]

Special selections to enhance sensitivity:
+ W corridor: soft b-tags
+ top corridor: ISR jet +soft lepton
+» High stop mass region: resolved and boosted top tagging

Main backgrounds:

+ 2-lepton events (mainly ttbar and Wt production) with one lost lepton
% Determined in dilepton control region in data

+ Events with one genuine lepton
< ttbar taken from simulation, W+jets from 0-b control region in data

Isabell-A. Melzer-Pellmanf : *  sUsy Searches g EPS-HEP 2019
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Dedicated stop searches:
ATLAS

Single'lepton fil‘lal State EXPERIMENT

CMS Preliminary 137 fb™' (13 TeV)

I N I P M. [GeV
—e— Observed B z-w mod_| My, [GeV]

>10| <175
== Lost lepton = 1 from top =

— 1 not from top >101 >175
24| <0 <175

24| <0 >175
=4 |0-10 | =175
24 10-10 | >175
=4|>10| =175
24| >10| >175

I GG Mmoo w >

X0: Inclusive

X1: Untagged
X2: Boosted top
X3: Resolved top

I:N;=5, meeda1

J:N;=3, Nbsoﬂ =1

Signal Regions

CMS rreliminary 137 o™ (13 TeV)

pp - TTT =t )”(? Approx. NNLO+NNLL exclusion

—_
o

=—CObserved = 10,
=== Expected = 1o

theory

600-6T-SNS-SVd SO

experiment

UL

Exclude top squarks
below 1.2 TeV

T

LI I B R I B B
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/2. .
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95% CL upper limit on cross section [pb]
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Dedicated stop searches:
Single-lepton final state

300 my [GeV]

Specific search targeting three-body decay
v Sensitivity enhanced by neural network

T T I N 3
LAS Prellmmary < Data —Total SM 2
=13TeV, 1391 mtisv =

[JW+jets [@Single top_
[ Multi-boson

—_ m(t‘x )=(500,380) GeV

—7.5

10°

lllli"q ll”i"l] Ilil

m(x,) [GeV]

{ llllllll PRRTTIT |||illli

IR A Y YT

Significance
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800F
700
S 600-
500
400
300
200
100

’

o
TEIT

ll productlon l—vbflx l—»bWi l—»tx
I

ATLAS

EXPERIMENT

C ATLAS Prellmlnary
—\i_-13TeV 139 fb
= Limit at 95% CL
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Dedicated stop searches:
Summary ATLAS

{s=13 TeV, 36.1-139 b’

ATLAS Prellmlnary 7 - ) o = Lapecied bruts
;.f, production _ -

Limits at 95% CL 10, 1, - W'
[ATLAS CONF-2019-17)

w— O berety

.10
0L, 1, -+ 1F, /8, ~» WO
[1709.04183)

L, 1, 17 /8, WRiE 11, e

VIZ /8, WOE 11, - DT
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200 300 400 500 600 700 800 9001000 —{'-“;”f., : Tev. 200" SUS-19-009
m(t) [GeV]

Stringent limits on top squark production,
also in compressed region
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CMS pecific stop search: | ¢
Z/é Focus on decay to tau leptons ) ATLAS

Electroweakino-fermion interaction includes gauge and Yukawa coupling:
» Tau-Yukawa coupling large for high tanf3

» Large tan can make the T{ much lighter than
18t or 2" generation sleptons

» Higgsino-like gauginos preferentially couple
to third generation fermions

CMS Preliminary 77.2 fb™ (13 TeV, 2016+2017)
x=0.5

pp—ffﬁl, f1—>b)~(f, )Zf—ﬁfv (50%) or V 1 (50%), %f—rci%(:, Vr—wi‘;

800

m_.—m_=05m_—-m,), m —m_=x(m_—m_,), m_=m_
% % t % ’ ﬁ X i; X ’ Ve Y

700

— Observed Observed * 16,

600
— Expected Expected * 16

experiment
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107
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95% CL upper limit on cross-section [pb]
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1 1 I 1 1 1 I 1 1 1 | 1 1 : I 1 ..ll ; I 1 1 1 I 1 _3
200 400 600 800 1000 1200 1400 10
m; [GeV]

Exclude top squarks decaying to staus with masses below 1.1 TeV
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t = by - bW

t— (tX9/bX7 — bWLY)
- bEF{Y

t — byf — b’y

t—cy?

t — by — bl — bul?
te — Hty — Ht(®

ty — Z/Hty — Z/HtRY
te — Zt; — Zt39

b — by?

b — by — bH?

b — t{F — tWE?

b — by — (bl — bl(z®)/(bZ39)

4 — axy

CMS (preliminary)

ATLAS

EXPERIMENT

May 2019

Overview of SUSY results: squark pair production
36/137 fb~! (13 TeV)
pp — tt
0¢: SUS-19-005:SUS-19-006,arXiv:1802.02110,1707.03316,1710.11188
1¢: SUS-19-009
2( opposite-sign: arXiv:1711.00752
2( opposite-sign: arXiv:1807.07799
0¢: arXiv:1705.04650;1707.03316
1¢: SUS-19-009
2( opposite-sign: arXiv:1711.00752 = =05
2/ opposite-sign: arXiv:1807.07799 z =05
0/: arXiv:1705.04650;1707.03316
1¢: SUS-19-009
0/: arXiv:1707.03316
1/ soft: arXiv:1805.05784
0¢: arXiv:1707.03316
1/ soft: arXiv:1805.05784
2/ opposite-sign: arXiv:1801.01846 ~ AM < 80 GeV (max. exclusion), z = 0.5
0¢: arXiv:1705.04650;1707.07274,1802.02110,1707.03316 AM < 80 GeV (max. exclusion)
2(: arXiv:1711.00752 z=0.5
2( same-sign,> 3(: SUS-19-008
2( same-sign,> 3/: SUS-19-008
2( same-sign, > 3(: SUS-19-008

AMgs =5 GeV, BF=50%

AM < 80 GeV (max. exclusion)
AM < 80 GeV (max. exclusion)
AM < 80 GeV (max. exclusion), @ = 0.5

AM < 80 GeV (max. exclusion), z = 0.5

AM;, = My, M;, =200 GeV
AM;, = My, BF = 50%, M;, = 200 GeV'

AM;, = M;, My, =200 GeV

pp — bb
0¢: arXiv:1707.07274;SUS-19-006,SUS-19-005,arXiv:1802.02110
h — yy: arXiv:1709.00384

> 3/, 2( same-sign: SUS-19-008
2( opposite-sign: arXiv:1709.08908

AMgy = 130 GeV
Mgy =50 GeV

max. exclusion, Mgo =100 GeV, z; = 0.5, BF = 50%

PP — aq
0¢: SUS-19-005;SUS-19-006,arXiv:1802.02110

00: SUS-19-005:SUS-19-006,arXiv:1802.02110 one light squark (i, d, &, or 3)

Sbottom

250 500 750 1000 1250
mass scale [GeV]

Selection of observed limits at 95% C.L. (theory uncertainties are not included). Probe up to the quoted mass limit for light LSPs unless stated otherwise.
The quantities AM and a represent the absolute mass difference between the primary sparticle and the LSP, and the difference between the intermediate
sparticle and the LSP relative to AM, respectively, unless indicated otherwise.
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ATLAS |

EXPERIMENT

Mass splitting of the EWKinos depends on My, M,, n and tan

Bino-Wino case Higgsino case

My m—

Larger mass gap between x° X1 Xz and)(
and ¢
Xz X1

pi*'ss + leptons experimentally challenging
possibly long-lived particles

+ almost mass-degenerate
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hargino-Neutralinoroducti:
_"A| 1 lepton + bb (Bino/Wino) ATLAS

Here: Xz X‘ are purely Wino and decay to W and h

Decay of XO via h dominant for many choices of the

parameters if mass-splitting between the two lightest
neutralinos is larger than h mass and the higgsinos are

heavier than the winos

Main backgrounds:
+ ttbar, tW, W+jets
& normalized in control
regions

T T
ATLAS Preliminary ¢ Data =Total SM
Vs =13TeV, 139 fb" it I single top
1 e/u+bb +ET I W+jets [ di-/multiboson
Others

—
amn
<
(O
—
o
e
L
=
@)
2
<
=

Number of events

—_

o N

|
N

Significance

cT
cT

cT
SR-HM low m.

VR-offLM
VR-offMM K
VR-offHM B
VR-onLM I
VR-onMM I
VR-onHM [
SR-LM low m_ I
SR-LM med. m I
SR-LM high m
SR-MM low m
SR-MM med. m., I
¥ SR-MM high m
SR-HM med. m I
SR-HMhighm _ |
SR-MM (disc.) B
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hargino-Neutralinoroducti:
_A| 1 lepton + bb (Bino/Wino) ATLAS

g

Signal regions dedicated to low mass, medium mass and high mass region:

w
(.l'l

> 20

FATLAS Preliminary —Total sm -Wﬂe‘s ] (5 18FATLAS Preliminary —Total S -Wﬂe‘s
- Di- /Multlboson

1l [ Di-/Mutiboson
LO
_V’-13TeV, 138 b -S|ngle top [ Others <16 {5 =13TeV, 139 fb" -Smgle top | Others

- | B (2} - |
[ SRLM M 7%)=(300,150) GeV ] === M7y 7)=(500,0) GeV
°

e m /x°x) (300,75)GeV ] 4 ==+ (/7,7 )=(500,250) GeV ]

Wajet
FATLAS Preliminary —Total M =D "/J; S" .
1-/Multil OSOT\A

[

gr 13 TeV, 139 fo! -Smg'e top [ Others
F SR-HM e /g°§°) =(750,100) GeV ]

-=- m(; /i°§°) =(700,350) GeV ]

Events / 50 GeV
an

Events / 50 GeV

N
o
T T
o
T T

ATEERRRIRERRRRRRRRRRRNY

- ATLAS Preliminary
Vs=13 TeV, 139 fb™", All limits at 95% CL

- — — Expected Limit (+10,,;)

—
amn
<
(O
—
o
e
L
=
@)
2
<
=

Susy
)

= Observed Limit (10,

Exclude XO X + with mass
below 750 GeV
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hargino-Neutralinoroductin: .
soft-lepton final state (Higgsino) ATLAS

Here: Xz Xg and XJ_r are higgsino-like and

nearly mass- degenerate

Search strategy: require 2 soft opposite-sign
same-flavor leptons + ISR jet
+ Electrons with pr > 4.5 GeV and |n| < 2.47
(or matched track with pr > 1 GeV)
+ Muons with pr >3 GeV and |n| < 2.5
(or matched track with pr > 2 GeV)

T
ATLAS Prellmmary ® Data
Vs=13TeV, 139 b iy
SR electroweakino 1/1T 777 Total SM
B o:tass
wr= F:m(x), 7)) = (83,80) GeV
«xe Fm(E, ) = (102,100) GeV

45—
40F

¢
—
<
(@)
—
o
e
L
=
@)
2
<
=

35
30

Events/1 GeV

25
20

Q| ]IIIIIIIIIIII|IIII|IIII|IIII|IIII|III | ]II TT]

Data/SM
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hargino-Neutralinoroductin:
soft-lepton final state (Higgsino)

Backgrounds:

ATLAS

+ Reducible background from fake/non-prompt leptons (mainly from heavy
flavor decay)
% Determined from data

+ lIrreducible background with two prompt leptons (ttbar, tW, WW, WZ,
Z—-> tttjets) & Determined with MC normalized to data in dedicated CRs

rrrrrrrrrrrrrrrrrrrr T T T T T T T T T T T T T T T T T T T T T T

ATLAS Preliminary ¥ Total SM

Vs=13TeV, 139 fb™'

¢ Data

tf, single top

Diboson

Fake/nonprompt .Z(—>tr)+jets

Others

M ata ss

Significance

SRee-m, [GeV]

f miss
high-ET

Isabell-A. Melzer-Pellmanft

low-ET™, high-Am

SRuufm” [GeV]

SRee-m,
[GeV]

low-ET"*, low-Am

SR-Myo [GEV]

1T

*  SUSY Searches

— e ———————————————————
- Expected limit (+10ep)

LEP ¥ excluded
ATLAS 13 TeV excluded

ATLAS Preliminary
Vs=13TeV, 139 b’
ee/ ., my shape fit

Al limits at 95% CL

PP — X9XE, X9x8, ;{7 (Higgsino)
Qo 20 - Wl

m(xy) = [m(33) + m(xN]/2

S I TS S I T T S A S S T S N ST SO SR S
100 150 200 250 300 350
m(3) [GeV]

Exclude higgsinos below 162 GeV
at a mass splitting of 10 GeV,

and extending down to a mass
splitting of 2.6 GeV at the LEP
limit

EPS-HEP 2019



Slepton production ATLAS

Select two opposite-sign same-flavor leptons, large p*ss
Main discriminating variable: M,
Main irreducible background:

« WZ, WW, ZZ, and ttbar production
% Both estimated using simulation, normalised using a simultaneous likelihood
fit to data in dedicated CRs

Main reducible background: ST er
Lelr 1 T X, X,

+ Fake non-prompt leptons PSR AR AAARLAARUAN
: - = imit (+10
= Estimated from data SO0 Y e it 1 2o

1heow)
I Alllimits at 95% CL

| 1 d

111

=
400

Slepton masses up to 700 GeV 300
excluded assuming three generation
of mass-degenerate sleptons

¢
i
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O\E
i |
o
N
L
=
O
S
<
=

200

100

llllllllllllllllllll

\IIIl‘\IIIIIIIIIlIIIIlI
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ATLAS

EXPERIMENT

ATLAS: Full Run 2 result in full-hadronic channel
CMS: 2016+17 with combination of full-hadronic and semileptonic channel

Main backgrounds:
+ Multijet events - one jet misidentified as t (data driven)
+ WH+jets — at least one jet misidentified as t (control regions)

Interpretation in mass-degenerate scenario:

~+ o~ ~0
TaLtrL = 2 X X, CMS Preliminary
103 T T T

= 300_
& [ ATLAS Preliminary SR-combined
%< 250 Vs=13TeV, 139 fb”

All limits at 95% CL

Asymptotic CL
sstd..deviation

+2std.-deviation
- Qbserved

= ONLO4NLL

AR .
SR8 b UnTertd

- - - - Expected Limit (+1 ;)

SUSY)
theory

E
i
()
o
=
T
N
o
—
g
o
=
oo

CMS-PAS-SUS-18-006

95% C.L. upper limit on o [fb]

0 =
pp T Xy M3
1 Degenerate scenario

I B I L 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
250 300 350 500 100 120 140 160 180 B 200
m(%) [GeV] m(7) [GeV]

ATLAS analysis excludes tau sleptons with masses between 120 and 390 GeV, by
including the semileptonic analysis CMS closes the hole between 90 and 120 GeV
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Search for tau sleptons ATLAS |

ATLAS: Full Run 2 result in full-hadronic channel
CMS: 2016+17 with combination of full-hadronic and semileptonic channel

Main backgrounds: P

+ Multijet events - one jet misidentified as t (data driven)

+ WH+jets — at least one jet misidentified as t (control regions)
p

Interpretation in left-handed scenario:
7T —>2x 5

= 300[ 1

8 [ ATLAS Preliminary SR-combined
S 250/ Vs=13TeV, 139 b

- L ___ Expected Limit (+10,,,)
E Al limits at 95% CL it

Susy

200 Iheory)

150

100

50

lllllllllr\llllllllllll

T /A W I 17 A S D R
150 200 250 300 350 400 450 500
m(%) [GeV]

ATLAS analysis excludes for the first time tau sleptons in the left-handed scenario
with masses between 150 and 300 GeV

Isabell-A. Melzer-Pellmanit ~ * sUsyY Searches g * EPS-HEP 2019

=
o

810-6T0C-ANOD-SY1LV




Search for long-lived particles ?ﬁl!:ﬁé |

Apart from the LSP other particles could be long-lived as well:
» Very weak yx;%-gravitino coupling [GMSB]
- Non pointing y or Z
+ RPV: Lifetime proportional to RPV coupling
- Displaced vertex if 1, 2’, .” ~0(10)
» Low mass difference, e.g AM(x*x°)~100 MeV
- Soft pion emission, disappearing track
» Stable Massive Particle
- Stable R-hadron (gluino or squark), sleptons

*
.0

‘.""displaced vertex disappearing stable
~* delayed photons track slow (B < 1)

Decay length >

~10 cm
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Delayed photons ATLAS

Weak coupling of the neutralino to the gravitino in GMSB models can lead to
long )710 lifetimes:

Impact angles pointing significantly

away from the primary interaction vertex

Delayed arrival times at the ECAL

(order of ns)
Time resolution of the ECAL for a
single object: 400 ps

4151 (13 Tev)
| T T T T T T T T | T T
CMS
Preliminary
—+—— Data[p]"™ < 100 GeV] (Scaled x 0.079)
——+—— Data [p?ss >100 GeV]
GMSB A: 200 TeV, ct: 200 cm [p7** > 100 GeV]

>

—

o
©

—_
o
]

—_
)

< Event/ns

='3 k. t‘12ns .............
240.001 ns -

—
o
”

LN
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o
>
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>
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Delayed photons ATLAS

77.4 b (13 TeV)

. CMS GMSB SPS8
Preliminary wers=i= CMS Exp (+ 1) 13 TeV y(y)
CMS Obs 13 TeV y(y)
- ATLAS Obs 8 TeV yy
' CMS Obs 7 TeV y

T T IIIIII|
- 1
11 IIIIII|

Requirement of single photon
increases sensitivity to long
lifetimes

LN
(@)
<
O\‘
n
o
>x<
H
<
S
2]
>
O

‘If’I,IIIIlIIIIlIIIIlIII—'—

10
100 150 200 250 300 350 400 450 500 550 600
M%o (GeV)

1

100 150 200 250 300 350 400
A (TeV)

Exclude neutralinos with masses up to
320, 525, 360, and 215 GeV with cr of
10cm, 1 m, 10 m, and 100m
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_ | Displaced leptons ATLAS

Squark production and RPV decay of bino-like neutralino through RPV
coupling:

1 _
Wie = 5 AijkLiL;Ex \)Q

Assume coupling 41,1 Or A{35:
v B()E? — eev) = B()Z? — euv) = 0.5
7 B(Xl — upy) = B(Xl — euv) =0.5

Special trigger on muon chamber tracks and photons
Special large-radius tracking and displaced vertex reconstruction
Main backgrounds:

+ Cosmic-ray muons and
random crossing of two
uncorrelated leptons

N
o
|
1
o
i
o
o
o
W
=
a'd
L]
O

E rorrTTT rorTTTTT o rorTTTTTg
E  ATLAS Preliminary m(@), m(z)) [GeV]
[ - q[;”(:J —eev/ep] M :zgg* ?goo i
£ {s=13TeV,3281" Y 4

, Al limits at 95% CL

T rorrTTT MR | TorTTTTiTg
ATLAS Preliminary m(@). mz;) [GeV]
G- at, v/ ) TEIEC T
Vs=13TeV, 32.8 fb" '

All limits at 95% CL

For quark mass of 1.6 TeV,
ct between 3 mmand 1 m
are excluded for a 1.3 TeV
neutralino

Upper limit on cross-section [fb]
Upper limit on cross-section [fb]
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Disappearing tracks ATLAS

Add disappearing track requirement to classic gluino search:
» Sensitivity to models with long-lived charginos

» Extend sensitivity, since other analysis cuts can be
loosened when adding disappearing track requirement

Categorization into short (Pixel-only), medium (<7 layers), and long (at least 7 layers)
tracks
Main background:
» Fake tracks, charged pions and leptons
% Estimated with from a control region in data with looser short track
requirements
CMS Fpreiiminary 137 fo' (13 TeV) . CMS rpreiiminary 137 fo' (13 TeV)

pp—§3; cro( “)=10 cm  Approx. NNLO+NNLL exclusion

CMS preiiminary 137 b (13 TeV)

pp — § 5; ctu(i?)=2 m  Approx. NNLO+NNLL exclusion

(]
o
o
o

PP — § §i 05,(7;)=50 cm  Approx. NNLO+NNLL exclusion

[GeV]

BRG - qaz)) =4 BR@G - qax)) =] BRG-qa7) -]
—Observed + 16, - om0 ==Observed + 10, ~ e - — N L3
theory BH(gﬂq,,Q,Jc‘.x‘ﬂx 1)=3 heoy  BRG- q,q,%, 0 K)=4 ==Observed 16,00, pRGq,q,7.7 -5 )=
=== Expected £ 16, 0 inon BR(G—9,9,7,%,~ % 1) =

X

ZZZExpected+ 1 == ZExpected* 1o

M_o

.t e . A
experment BR(G — q,4,%, 1, % 1|)=:} experiment BR(G — q,q, %, i, % x?)=:‘,

|
-
[S)

o

i Wmo-nke;z;b)zf [ Winoike: - x“‘ [ Winoiike 7, -7

|
-
o

IS

|
3
95% CL upper limit on cross section [pb]
||41||||||||||||11|1|1|
95% CL upper limit on cross section [pb]
8&:

LTI T (I W A

.LI_LIIIII
—_
&

rct=10cm \\ C’C—500m : g
P P B Y T TN B 0" ol ls  EAclydpd 9% CL (BF), cor | o |\ 10" ol L EAClded 98% CLAEP) L Lt laa ]
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Sensitivity to gluino and neutralino masses is enhanced
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ATLAS

EXPERIMENT

Impossible to cover all signatures in one talk!

Overview of CMS long-lived particle searches

CMS preliminary 3-137 fb~1 (8, 13 TeV)

38 fb~! (13 TeV)
36 fb~! (13 TeV)
38 fb~! (13 TeV)

181107991 Displaced difet)  000L4-155m 365 (13 TeV)

RPV UDD, g-tbs, m; = 2200 GeV
RPV UDD, §-tbs, my = 2200 GeV
RPV UDD, {-dd, m;= 1300 GeV
RPV UDD, {~dd, m; = 1300 GeV
RPV LQD, £-bl, mi = 600 GeV
RPV LQD, £-bl, mi = 600 GeV
RPV LQD, f-=bl, mi = 1300 GeV

36 fb~! (13 TeV)
3fb~ (13 TeV)
36 fb~! (13 TeV)

o oo @ Q

1811.07991 (Displaced dijet) 0.0041-0.81 m 36 fb~! (13 TeV)

1906.06441 (Delayed jet + MET) 0.32-34 m 137 fb~! (13 Tev)
1802.02110 (Jets + MET) <lm 36 fb~! (13 TeV)
CMS-PAS-EXO-16-036 (dE/dx) >0.7m 13 fb! (13 TeV)
CMS-PAS-EXO-16-036 (dE/dx + TOF) >7.5m 13 fb~! (13 TeV)
Stopped £, E-tx?, mi =700 GeV 1801.00359 (Delayed jet) 60-1.5e+13 m 39 fb~1 (13 TeV)
Stopped §, §~qgx?, f53=0.1, myz = 1300 GeV 1801.00359 (Delayed jet) 50—3e+13 m 39 fb1 (13 TeV)
Stopped ¢, §-qGx3(uux?), fzg="0.1, mg = 940 GeV g 1801.00359 (Delayed pp) 600—-3.3e+12 m 39 fb~1 (13 TeV)
AMSB, x*-x%n*, my- =505 GeV x* 1804.07321 (Disappearing track) 0.15-18 m 38 fb~1 (13 TeV)
GMSB SPSS8, ){f—»vé, mys =400 GeV X2 CMS-PAS-EX0-19-005 (Delayed y(y)) 0.2-6m 77 fb~1 (13 TeV)

GMSB, §—gG, mg = 2100 GeV

GMSB, §-gG, mg =2100 GeV

Split SUSY, §—qqgx?, mg = 1300 GeV

Split SUSY (HSCP), fzg = 0.1, m; = 1600 GeV
MGMSB (HSCP) tanB = 10, 4 >0 , m; = 247 GeV

o Q Q Q: Q:

Q,

H-XX(10%), X—ee, my =125 GeV, mx=20 GeV x| [1411.6977 (Displaced ee) 0.00012-25 m 20 fb~! (8 TeV)
H-XX(10%), X-uu, my =125 GeV, my=20 GeV  x | [1411.6977 (Displaced ) 0.00012-100 m 20 bt (8 TeV)
dark QCD, mp,, =5 GeV, my, = 1200 GeV Xok 1810.10069 (Emerging jet + jet) 0.0022-0.3 m 16 fb~! (13 TeV)

1074 1073 1072 107! 10° 10! 10?2
ct [m]

July 2019

Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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ATLAS

EXPERIMENT

A number of analyses already updated with full Run 2 luminosity
Searches cover simplified models and specific signatures

More Run 2 results to come in the next months

Experiments are already in preparation of Run 3

HL-LHC will be important to cover rare processes

Stay tuned!

CMS Phase-2 Simulation 3 ab>1 (1 4 TeV) CMS Phase-2 Simulation Preliminary 3ab’ (14 TeV)

Ll
-

pp — XX+ pp — XS X0 — ZXC, ¥z — WX
45| ... Expected 95% CL limit
3 — Expected 5 o discovery

40k
355
305
2sf

20

15F =

95% CL upper limit o‘n cross section [pb]

10F <=t =

||||| | T Lt s b b
100 150 200 250 300 350 400

mzo = miﬁ [GeV]

95% CL upper limit on cross section [pb]

-
o
Y

Overview of current SUSY results:

» ATLAS:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults

+» CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
HL-LHC studies: https://cds.cern.ch/record/2651134/files/1902.10229.pdf
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ATLAS-CONF-2019-015 ATLAS

Systematic uncertainties:

o
o)

I I I I
ATLAS Preliminary [ Total unc. Theoretical unc.
" MC statistical unc. === - Fakes/non-prompt, Charge-flip statistical unc.
\v‘g =13 TeV, 139 fb Experimental unc. Fakes/non-prompt, Charge-flip systematic unc.

>
—
=
©
T
(0]
(&)
c
3
[
2
-—
&
(O]
oc

I|I|II||III|IIII||III
IiIIII|IIII|IIII|IIII

Rpc2L0b Rpc2L1b Rpc2L2b Rpc3LSS1b
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ATLAS-CONF-2019-014 ATLAS

Preselection

Preselection requirements
Variable 20 1T

Number of leptons (tracks) = 2 leptons = 1 lepton and > 1 track
Lepton pr [GeV] pffl >5 pf} < 10

ARy AR, > 0.30, AR,, > 0.05, AR,, > 0.2 0.05 < ARpacx < 1.5
Lepton (track) charge and flavor etfe or ,ui,tﬁ ete or ui ut
Lepton (track) invariant mass [GeV] 3 < m,, <60, 1 <m,, <60 0.5 < Mytrack < D

J /1 invariant mass [GeV] veto 3 < my, < 3.2 veto 3 < Myrack < 3.2
m,, [GeV] < 0 or > 160 no requirement

ER™ [GeV] > 120 > 120

Number of jets >1 >1

Number of b-tagged jets =0 no requirement
Leading jet pp [GeV] > 100 > 100

min(Ag(any jet, pr=*)) > 0.4 > 0.4

A¢(jy, PE™) > 2.0 > 2.0
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ATLAS |

EXPERIMENT

Dark matter and dark energy

Observations

Known Matter

Dark Energy Bl e

68.3%  RRC R (x 10001)

Corrections to the Higgs mass Unification of the forces

1/, f
1B GM SM

3GF

o (4m¢) Anp?

mj; = (mp)o - 3

"LogE (GeV)
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earch for gluinos and squars:
Full-hadronic final state ATLAS

Main backgrounds:

+ Lost lepton events (mainly W+jets, ttbar):
% Determined in single-lepton CR, with
transfer factor determined in simulation
(corrected for measured differences of lepton
efficiencies)

inary 137 fb™' (13 TeV)
>2j, Ob, 1 lepton
M, > 200 GeV
Hy > 250 GeV B Lost Lepton

—*-Data

Events / Bin

600 800 1000 1200 1400 1600 1800 2000 2200 2400
M,, [GeV]

miss CMS Preliminary 137 fb' (13 TeV)

Irreducible background with genuine p7 SERN RN RN RN RRRN RRRN RRRE
(e.g.Z-> vv)
= Determined in a Z = Il control sample for -

each SR (main systematic due to limited statistics LT

—

in dilepton CR) —*—

N
O!
OIJ
(@)
in
(0))
)
L
0))
=
@)
o~

3 1200 < H; < 1500 GeV E

Fraction / Bin

—=— 7 5 w (MC)

—— Z control sample (data) E

&

AE_II\‘III|\II|I\I|III‘III|II_:

Instrumental background (mainly QCD multijet 200400600800 1000 1200 MolGeV]
events with mismeasured jet(s)) S R ——
% Determined with rebalance & smear method
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Fias |

Reduce SM background exploiting additional p™S - and jet-related kinematic
variables like:

+ Transverse mass mr.

2 _ 2 (= =
T_(ET,1+ET,2) +(pT,l+pT,2)
+» mt has an endpoint at mother particle mass

» Constrains e.g. background from leptonic W decays

2

» Stransverse mass Mrp,:

2)

My, = min [max (Mg),M% )]

ﬁ%nissx(l) +ﬁ{qnissx(2) :ﬁ%niss

» Generalization of mt for decay chains with
two unobserved particles (SUSY-like)

» In case of more than two jets these are
clustered into two pseudo-jets, each representing an event hemisphere

+ Effective mass my:
miss

+ Sum of Hy =¥ps¢" and p¥

» Correlated to the mass of the highest colored object, the LSP and their mass
difference = typically mqswill peak at 1.8(m2,¢y — mécp)/ Mmsysy
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hargino-Neutralinoroductin:
3-lepton final state (Bino/Wino) ATLAS

Here: Xz X‘ are purely Wino and decay to W and Z

Investigate 3-lepton final state (ISR jet enhances signature)

Previous analysis on 2016 data saw slight excess

Refined analysis on full Run 2 data compatible with SM
expectation

T T T T T
ATLAS Preliminary ° \I?Vazta — ;%tal SM
‘ . == ]
Vs=13 TeV, 139 fb”! 1 Others = Top-quark like
[ Fake/non-prompt

> W(= v )x Z(—> ) . x

o
N
<
o
i
o
o
L
=
O
2
<
=

ATLAS Prellmlnary
Ys = 13 TeV, 139 b, All limits at 95% CL

- Expected Limit (1 6,,,)

Observed Limit (+1 ooy

Significance

off-shell not considered

|||||\|||||||\|||\|||\|||\|||_Rr

Exclude Jo .+ with mass below 350 GeV TN | L

X X = 150 200 250 300 350 400 459 500
1 mET/T,) [GeV]

[=)
]
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lepton production: |
small mass splitting ATLAS

Soft lepton search with tuned signal regions can be interpreted
in direct slepton pair production model

Slepton signal regions:

Slepton SR Requirements
Variable Low- EAiss High- EF™
EFSS [GeV]  [150,200] > 200
< 140 < 140

> min(15,7.5 4 0.75 X (mpy — 100)) > min(20,2.5 + 2.5 x (myy — 100))
0.8, 1.0] [max(0.85,0.98 — 0.02 x (mps — 100)), 1.0]

50_"'

== Expected limit (+10exp)
= Observed limit (+10pneory)
F T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T ] =
L .. N ] L e ATLAS 8 TeV /| g excluded |
| ATLAS Preliminary ¥ Total SM Fake/nonprompt [l Z(—17)+jets Others . ATLAS 13 TeV 7, 5 excluded

E Vs= ! . 3 - S LEP &5 excluded
F s=13TeV, 139 fb + Data tt, single top Diboson 7 > F S ©n exclude -

ATLAS Preliminary
V/s=13TeV, 139 fo'

¢
i
<
o
i
o
~
L
=
O
S
<
=

ee/py, mY° shape fit
All limits at 95% CL -

PP Gplpl— (X0l ]

o by b e b b e b b
100 150 200 250 300 350 400
m(l1,g) [GeV]

Exclude sleptons below 256 GeV
at a mass splitting of 10 GeV,
- ¥ ¥ 2 and extending down to a mass
mgioon | oneomioo | splitting of 590 MeV at the LEP

- limit
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hargino-Neutralinoproductin in
Vector Boson Fusion ATLAS

35.9 fb! (13 TeV) 35.9 fb! (13 TeV)

EXP. £ 1 8.0.g pmont ool ' Exp.+1sd
m() = Im@@)+Im ()

‘theory Wino %* and Zo, Bino %

LWL 202,

*experiment

Obs. £ 1s.d Obs. £ 1 5.0, Wino %; and %, Bino %;

Am [GeV]

o
<
™~
o
%)
>
w
%)
>
@)
o)
LN
o
'
i
LN
o
5
i
=
&

Cross section UL at 95% CL [fb]
Cross section UL at 95% CL [fb]

300 %50 400 100 150 200 250 300 %50 400
(%) [GeV] (%) [GeV]

For a mass difference between )’(“(1) and )’(”(2) Xi‘r of 1 (30) GeV

exclude )’(“(2) Xt below 112 (215) GeV
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Neutralino-Neutralino producion:
photon final state (Higgsino) ATLAS

In case the lightest neutralino decays further to gravitino and
SM-like H(->yy) or Z

CMS Preliminary 775" (13 TeV) CMS Preliminary 775t (13 TeV)
PP T = % %, + X X, = H G (50%)
iz G (50%)
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L % % &

~0+ 0+ ~0 ~ ~ ~
PPk % %7+ X X — H G (100%)

T T T TTTIT
T T TTTTIT

Moe=Mm.=m, m.=1GeV
% %, i, G

EWP Analysis —— NLO+NNL theory EWP Analysis —— NLO+NNL theory
—— Observed limit (95% CL) —— Observed limit (95% CL)
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Higgsino mass m, [GeV] Higgsino mass m_, [GeV]
X

1

Exclude neutralinos below 300 GeV (100% decay to H) and
180 GeV (50% decay to H and 50% decay to Z)
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