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What Supersymmetry can do for you ?

4 SUSY is one of the most promising
Big Questions theories we have for new physics

Vv Stabilises the EW scale

V' Predicts a light higgs w. mn < 130 GeV

SuUsY

v Accommodates heavy top quark

Compositeness,
Extra dimensions

v ..

Extended
Higgs Sector

Top
Partner

Wiz’

Minimal
Dark Matter

Hidden
Sector

Multiverse

31 v Each SM patrticle, gets a new super-partner

| ¥ SUSY must be a broken symmetry (heavy s-particles)
| ¥ R-parity R =(-1)3(-L+2s If conserved :

» SUSY particles are produced in pairs

» The lightest SUSY particle (LSP) is stable, mak
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http://arxiv.org/abs/1311.0299
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Electroweak Production ™ 1
o
Small production cross section )
Often targeting small mass splitting
10
Long-lived analysis

Displaced jets/f and disappeaa‘ing‘I
tracks, delayed y

(B.Gomber plenary talk)

R-parity Conservation (RPC)
Stable LSP, sparticles produced in pairs

R-parity Violation (RPV)

More leptons /jet, small pymiss
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Introduction
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CMS?;

B65 Nda E Strong Production
Iﬁ I%iio - High production xsec

Mostly inclusive searches

{ Events

% 1000

3rd gen. production

More targeted analyses
Can be lighter than other sq

'10\
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Impossible to overview all of them today.
Reporting only full Run 2 new results

See also EW SUSY ( ), Soft SUSY ( ), 3rd
Gen ( ), RPV ( ) talks.

Although, LHCb has no recent SUSY
results, its worth mentioning
; and


https://indico.cern.ch/event/856696/timetable/?view=standard#65-searches-for-unconventional
https://indico.cern.ch/event/856696/timetable/?view=standard#153-ew-susy-searches-at-atlas
https://indico.cern.ch/event/856696/timetable/?view=standard#155-soft-susy-searches-at-atla
https://indico.cern.ch/event/856696/timetable/?view=standard#154-3g-susy-searches-at-atlas
https://indico.cern.ch/event/856696/timetable/?view=standard#225-searches-for-rpv-susy-in-a
https://cds.cern.ch/record/1541255
https://cds.cern.ch/record/1541255
https://cds.cern.ch/record/2238303
https://cds.cern.ch/record/2622139
https://cds.cern.ch/record/2622139

How to look for SUSY

EEEEEEEEEE = — o o e

The challenge: SUSY comes w. small production cross-section.

Strategy: . .
8y mz = 2pS pLi1l — cosAg(Z, piss)]

® SUSY : prmiss, high pr objects like multi jets and multi b jets

=
o o ) L 0.08F
@ Build variables exploiting the above 3 i - fiolq
2, 0.07:— f': ------- ti—lIl
» example : in mt, semi-leptonic tt have a kinematic endpoint ~ §oes- e 400 G
. . . .. 0055 & i - M= 500 GeV
® Search Regions vs sensitive variables to optimize reach ooaf arXiv:1409.2868

» Further optimization vs number of leptons/y etc 203 ”
0025 e et

0.01F

Standard Model processes m [GeV]

R
oadmap / tt, W+jets, DY, VV, tt+X ...

Irreducible sources Reducible sources

Shape from MC, Estimated from data, many different methods

yield from control region Typical : lost £, mismeasured pmiss/jets etc

Validation Regions

Perform closure tests before unblinding

Search regions - :
o PR SUSY sensitive variables
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Interpretations 4
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The challenge: Long cascade decays can have many free parameters
Experimentalist’s approach:
® Simpler decay chains => Simplified Models of Supersymmetry (SMS)

® Specific decay chain producing a well defined final state/topology

® Interpretations are much easier

2 free parameters

% Alexis Kalogeropoulos - 25-30/05/2020 -LHCP20 5



The experimentalists challenge
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Understanding the detector is of paramount importance
@ Detector effects can result into mismeasured pTmiss, jets and “fake" objects.

@ Dedicated efforts to understand better the detector’s performance.

» Tedious task, can span over long periods.

» Derive offline “patches/filters” to exclude noisy events from analyses.

Spurious event in ECAL endcap

Effects of offline prmiss “filters"
C CMS Experiment at LHC, CERN
N\ Data recorded: Tue Aug 28 16:50:26 2018 CEST 9 59.7 fb™! (13 TeV
_\\\ Run/Event: 321908 / 318056762 pmiss o 10 T T T T L
y \ Iaigu/é?'gts‘zi:gz:%%437039 /1094 Pr = 44273 GeV § 8 CMS =HIStWI R, =200 Gav
A1 phi =078 w10 Preliminary } Data
107 —— Data with filters

10° ¢ Data with filters + jet ID
10°
ECAL Energy deposit 2 104
E = 38833 GeV
eta=-1.75 1 03
phi=-2.37
102
o 1p
T 08F
3E 06F
pr=44229 GeV o OF
eta=-171 “5 04E
; phi =-2.36 02F
ECAL Energy deposit 1 : Xty oE . . . .
E = 67435 GeV ECAL Energy deposit 3 ; 0 200 400 600 800 1000
ta=-1.69 E =20146 GeV miss
ohi— 234 cta=-172 PF pI™* (GeV)
hi = -2.40
k CMS DP2020-018
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Gluinos/Squarks production

v large prmiss. 0=>3 leptons,
v multi jets, multi b-tag jets, photons

Gluinos, 1rst/2nd generation squarks pair production

Very rich phenomenology, signatures typically include:

Typically, sensitive variables
like Hr, Mj aim capturing the

hadronic activity,

% Alexis Kalogeropoulos - 25-30/05/2020 -LHCP20
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@S CMS-SUS-19-013
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Am(g, 79) = 50 GeV
m(79) =1 GeV

} Boosted Z with large pymiss

Z Boson decay products can be contained in a large radius jet

| Optimized cuts to “capture” Z=>jets candidates
bh -

% Mass SB : estimate background normalization

]ﬂ % prmiss CR : derive pt™iss shape

jet

[GeV]
2o ® A
o O O O

100
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40 50 60 70 80 90 100 110 120 130 140
Leading jet mjet [GeV]

Subleading jet m
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Events/(5 GeV)

CMS 137 b7 (13 TeV)
_IIII|IIIIIIIIIIIIIIIIIII|IIII|I]II|IIII|II|I|IIII_
40 B + Data — Linear fit ]
B B z+jets B wjets ]
&0 :_ - it |:| Single top _:
ool i B other sm [ acp multijet T
. win m = 1300 GeV *nm, = 1700 GeV
80 g Subleading jet m, 7
§ § in Z signal window i
60 = = .
40 -
20

% 50 60 70 80 90 100 _o 120 130 140
Leading jet mjet [GeV]
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£)  CMs-5US-19-013 ~ 0-£ with boosted Z+pymiss

NEW

Results
CMS 137 b (13 TeV) 101 LEMS 137 fo” (13 TeV)
n L L L L L L L L O L L — E'I"‘I"']"']' 'IIIIIIE
'E1 oL +Obsewation _‘ ﬁ._ : pp—)'g"g','g'aqaig")iaZi? E
g g + ——— Pred. Stat+Sys Unc. E c L lTlg - mo =50 GeV, m,= 1 GeV -
(NN - ] 9 Xa % _
_+_ uumm§=17OOGeV N "6 ----- expected
10 E_ '.Illl.ll.I'II.I."!llllllllIlllllllllllllllllllllllll% % 10_2 observed __
E """"-_-'""""' | E (V)] I:I expe‘:ted 20l!)(li’ E
| ] 7 [ expected 1oy, N
. || ] 1 9 = Theory = opmy, | ]
e E (@) i
: 10°
107F & =
10—2_llllllllllllllllllJLlJllJ lJJllJL— B
400 600 800 1000 1200 1400 16Q0 1800 200( 10_4 T T T T T
pT* [GeV] 1400 1600 1800 2000 2200 _ 2400
My [GeV]
Excluding gluinos up to ~1.9 TeV
‘%? Alexis Kalogeropoulos - 25-30/05/2020 -LHCP20 9
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: : H CMS/ |
£5) ATLAS-CONF-2020-002 0-£ with jets and pymiss
t

Baryon number violation model
fL—>s+b
fp—>d+b

; multi-jets (>7) + b tag jets + pymiss

W ® Search regions in bins of (Nj, Np tag, Mj)

Use of prmiss Significance (S) : Quantifies how compatible pr™iss is with non-interacting particles

Large radius jets mass : Can characterise signal events

T
—e— Data 2015 2018
ATLAS Preliminary %444 Total background
Vs =13 TeV, 139 fb™! — thiﬁumft;
VR-7ej50-2ib -|: W — Iy +jets
B Z I, vv +jets
@ Single top
 t+ X
-VV—_:qul,qqtv
g — Tt — tbs (RPV) x100
— — § — qqWZy, x100

QCD : Semi-leptonic b/c-hadrons, jet mismeasurements etc.
Estimated from in low-jet-multiplicity CR validated in VR —zt

umber of Events / Bin Width

Top, W+jets : Genuine pt™iss. Using MC validated in 12 CRs

P 2007,

1.2
1.1+
O R S W L 7
ol ///// %
0.80

2

i 7 9 10
iss
S(ET™)
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- . ; CMs, !
&) ATLAS-CONF-2020-002 0-£ with jets and pyMiss
ATLAS
@ P ke ke s et T TR B o P N,
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T s= 13 TeV, 139 fb ) Mutijets 3 T ATLAS Preliminary
. . W -+ jets - r
1oL SR-8ij50, post-it — I 16001 (5_13 TeV, 139 fb". Limits at 95% CL
| ] S_lngle top E C
—Jrni 3 1400 = = =+ Expected Limit (+1 o)
- gqWZ7, . Co o
10° - g N ?‘:_) tbs (RPV) —= 12001 — Observed Limit (1 c?h‘j,vy)
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_I——W C
10 E=r— 1000 -
— 800/
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600[—
5 15 : 400[—
O 1.25p = -
a | Rl L T Z 7 77227 200~ i
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Myy> Mgy M. 340 2 34p > 340 > M, ~ ~17~50
G < e < G0 B2 < I~ MAZ Ssod 50 550, 8 = qqVii
= S00'~ %00 00 , CMS 137 b (13 TeV)
(a) SR-813j50, multi-bin oy 2000 » . _
D b = CD pp—=333—>qqV %, Approx NNLO+NNLL exclusion 1 _8_
< 1800 = =
/7< s o g@ = Observed = 1 Otheory ] <
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http://dx.doi.org/10.1007/JHEP10(2019)244

CMS-SUS-19-007
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Titttt

1-£ with mt and M,

10.1103/PhysRevD.101.052010

12 + multi-jets + b tag jets + pr™iss signature

.“ ® Benefit from large cross-section and the presence of ISR jets

Multiple search/control regions vs (My, mt, pt™iss, N;, Nptag)

R1-3 : Bkg dominated

R4 : SR

A

mt [GeV]

140

250

400 500

My [GeV]

k-factors : quantify correlation of mt vs M,

CMS Simulation Low M, 13 TeV
- eN,=1aN,=2 | ' -
T AN, =3 ‘ 7
E R H
Y T D S S XSS S S 1 DU R 7
C ° v : + o + + * ++ ]
E Njets =7 Njets =8 E Njets =7 Njets =8 565 Nje'(sS 7 Njets = 85
200 - 350 350 - 500 500
p.TiSS [GeV]

Estimation of bkg : Mainly tt events; estimated from data in a low mt CR
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1-£ with mt and M,

CcMS 137 b (13 TeV)
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t

800 1000 1200 1400 1600 1800 2000 2200 2400 2600

Gluinos below 2.2 TeV are excluded
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) [fb]

X

tt

—
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Upper limit (95% CL) on o
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http://dx.doi.org/10.1103/PhysRevD.101.052010

) Overview of Gluino searches

1500 NI

2500 G qli)i viallv 2lep. OS SF += 3 lep. [1805.11381, 1706.03731] ' 3
= 11 [1808.06358]

= 1y [1802.03158]

800

600

ATLAS
pp — 89, g —ttXS May 2020
'; 2000 : T | T T T | L ‘ T 17T ‘ T 17T ‘ T T T | L I T 17T ‘ T 17T | T :
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1351600:_ ::gggggzgg:g::s E:\‘Ez)) -+ Expected J ;‘ [T T | L [ ) B O O More than 3 TeV @ HL-LHC!
£ - —1911.07558, 1-lep (M) —Observed | Ty 3500 §— G, 0 lep. [CONF-2019-040] ATLAS Prellmlnary-
14000~ 1710.11135. oep (s0p), 36 0" S, - G- b7, = 3 bejets [CONF-2018-041] o
r — L G- i = 3 bejets + = 2 lep. SS [CONF-2018-041, 1706.03731] [ o VE
1200F 35 ° = o JLdt=3ab™!, VS = 14 Tev
b 3000F 5 GaW3’ 0 lep. + 1 lep. [CONF-2019-040, 1708.08232]
C e [ G- oaWzz =7-12jets+1lep. +=2lep.SS 1 |
1000 o N [CONF-2020-002, 1708.08232, 1909.08457]

. 1000

2000

- Colours indicate different models

ol b b by v Lo |
X1

400;_ | Observed limits at 95% CL \\‘
200} : 1500[- w0 |
C 1 | 11| | 11| l 11| l 111 ‘ 1 1 | E| L1 | L1 i 11 | 1 :
97800 1000 1200 1400 1600 1800 2000 2200 2400 1000k %
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200 =
“a00 1000 1200 1200 1600 1800 2000 2200 o N 120
my [GeV] Weaker limits & — qqVi;
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Stop searches

LT — - - e — =
Various techniques to Am = m(t) — m(xY)
reach compressed Am<mw) mW)<Am<m(t) Am>m(t)
4 A A A
'>— r: a4 AN 4 A
O, [=m(t) < m(xy):
S~ | violates assumed ~ -0 _ . .
= | spectrum L — txy Different kinematics
g (on-shell t)

in different corners

Various searches in 0£, 12, 22

t— c>2(1]
(by loops)

very often w. RPV and DM models

(has extra masSs parameter)

— >
0 m(W) m(t) m(t) [GeV]
less boosted m—-—+ more boosted
tt—>2¢ signal
0.2} i

v  Variables like “topness” try to differentiate “true" 2¢ tt events

v Many more in use like my, Mrt; and other similar variants 0.1}

exploit the additional pr™miss in signal

v Alexis Kalogeropoulos - 25-30/05/2020 -LHCP20 15



£)  ATLAS-2018-12 Stop pair in 0-£

ATLAS
b q b q
;A ~ p q p W q
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o~ Q 7y - + - / - )
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Z—>VvV (Top): Main background for SRAB-D (SRC)
0 2-body decays SRA 3 Other : Mostly irreducible ttZ, tt, W+jets and single-top
200 v . . L
m(t) [GeV] Normalization : From fits in CRs
11 production ; T — t 7 /bWZ/bH7.; Limits at 95% CL 1200CMS 137 fb™ (13 TeV) B
% . le» ATI'LAS oo e ] % pp —TT,T— t %° Approx NNLO+NNLL exclusion E g
. . - D) _ . S
% _ New tools, like b-soft-tagging 1 = 000| =Observed = 10y, s
= . . ] ! s Expected 1,20 -1 =
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- _‘ - ] n c
. 4 ~0 ~0 =0 800 E 3
: L= IDWRLIDIf 7t ] 1408 &
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i 7 600 — o w
i ] 1] 2 4
- ] 1 J10tE @
400~ B 400 13 = ©»
_ i 1 L =
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Stop pair in 1-£

CMs, !

" ® Employing both cut-and-count and shape-fit methods

| @ mt is main discriminating variable ; SR in bins of (prmiss, mr)
\» - — -

&)  ATLAS-CONF-2020-003
ATLAS
b VA B
p v
- X1 |
>) X:: X
w
p f t q

Mismeasured ptmiss : Can enter the mT tails

tt, tt+Z : Important for lost lepton

RS B e S
E ATLAS Preliminary

. .CMS simulation
: I:I Lost lepton
I 1 (from t)
[ ] (notfromty =~
Wz -

- I
c;_\: 40 Vs = 13 Tev, 139 1o g?;t; M é I
S 35 Ot = |
w E s It 1L 3 |
30: NN []Others = I
252 é 1200 CMS
20F = s e
t bff /bW)(1 /Ufl ‘ i: 3 E pp > TLT 1% Apy
< UL B R B B T R T, & 3 O, _ )
% 900 £ ATLAS Preliminary IR L . = 1000| = OPSEMVEd = 1 7
g = Ys=13TeV, 139 fb’ 25 T; S === Expected = 1 Oexperiment
3= 800 £ Limit at 95% CL 5 15 g - i
g 3 g I 800 —
700 £ S 05L e L i
- 0 2 458 i ]
600 [ topness B |
500 F- oor j
400 [ |
300 £ oor )
200 [ B WL
100 3 200— D T
0 5 PO TR VR [N VN W TN N TR SR TR [T S S S U l: ' PR : , I: E E :
@7 N I W T T T (R i :
200 400 600 800 1000 m. }éOGOV] 0 200 400 600 800 1000 1200 1400
t, m. [GeV]
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Both ATLAS/CMS use topness

Il I\HHM

10~

1072

)
b

3
1

137 fb' (13 TeV)
¢ Stat. unc.
- T-17(1050,100) x 20
-T—-bi"(950.100) x 20
«+ Ttz /b7 (750,400) x 20

95% CL upper limit on cross secti

10.1007/JHEP05(2020)032

-
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http://dx.doi.org/10.1007/JHEP05(2020)032
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CMS-SUSY-19-011

Stop pair in 2-£

ATLAS -
Tatt T2bW

t b
W+

P ,/ p Ty
p T o R A
el B Tl X Xi
s % \ Xt p 7 Thel w

' 5

T8bbelvv
b v +
p _ /// ~0
’ti B _ . :_X_:;_‘ . _Z-‘_— @ ¢ ¢ ¢« ¢ a Xl
\\\\\ )?_ Z_ .
b 7 (-

Two opposite charge leptons (p,e)
,E ® Covering three SMS models L

® Involving chargino mediated decays

Main search variables are Mr2(£8) and Mrz(b2b?)

L, Key feature : kinematic endpoint even w. if two Vv in the event.

L, Signal populates the tails of the distributions.
prMiss significance (S) is also used

Can suppress DY+jets as there is no genuine prymiss

Mismeasured jets/ptMiss : Main bkg, estimated from 32 CRs

@» Alexis Kalogeropoulos - 25/05/2020 -LHCP20
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Search regions in (Mr, S) bins 1

CMS Preliminary L=137 fb™ (13 TeV)

I R N R e N R RN R R

=== Drell-Yan

= tt/single-t

—— Multiboson BB ttH/W
—e— Observed (SF)

= tiz
— y2 =
310° X(Nyyy=2)

Data/ MC
o
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0 30 40 50 60 70 80 90 I100

o
ok
o
NoF

S
prmiss Significance (S)
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T2tt
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® NLO+NLL excl.
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1
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C M S Preliminary

___________________
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1
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(A&D) °

A9 0¥z < (/)W
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p . ; . hNO p c% | Presence of (on-shell) H/Z bosons
::’ i% N ;‘q ® Z=>{£ or h=>bb increase sensitivity
P A ECZXl P ‘g M ® 3¢ (SFOS) and 1¢ (H=>bb) SR vs (mT, S, Nj, Np)

, |
3¢ : ttZ dominates. Estimated from data in a CR

12 : tt + h.fl; estimated from data

Fake/non-prompt £ : from tight-to-lose method in a Z-enriched region

. . t—>t+X X—>Z/h+x,m(x)—OGeV BR(X —>Z+)”—BR(X 9h+x)—50%
ttZ in Z-enriched
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b; Multijet : Estimated from data with a tag-rate-function.

=0 "
X1,2A323

t L
: : tb | Non-zero RPV couplings
e 5 a ® SR vs (N;>5, Nptag > 1)

Fake/non-prompt £ : From tight-to-lose method in a Z-enriched region.

Signal Yields in (Nj, Nbtag)

S ATLAS Preliminary .5
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SM background < 15001 — T
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& ﬂ ~ Stop quarks overview
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| Weaker limits in compressed regions (<700 GeV) Ll B oo
N = 1000 . A b CL exclusion

Significant improvements
expected at HL-LHE
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Electroweak searches ., ¢

EEEEEEEEEE

Involves chargino, neutralino, slepton production

. £(v)
Low xsec but very clean signatures: ”
‘ P ﬁc ;:-‘-/., i
v prmiss |, multi-leptons OB X3
_ P R ‘7_(?)_.\‘"5‘? 0
v hadronic taus & '\ ¢(v) :
: ()
v (di) bosons
400 May 2020 ATLAS Prgliminary ¥s=8,13 TeV, 20.3-139 fb All' limits at 95% CL
@ Direct searches of Chargino/Neutralinp " F NG - - . Expected limits
G, 350 = Observed limits
® Gauge medicated SUSY breaking <.
N £ 300 %% via
» Gravitino as LSP 2505 wz 2,3l
3 E + + Tmiss E ar><|v:1911.12606
Y p 200— “ ATLAS-CONF-2020-015
>y + p.l.miss + b (|—||ggs) 1505_ ' |:|Wh Ibb, yy, 3I
@ Direct WIMP production 100k ' SR
@ RPV : lepton flavour violation : 50 V| %% via
o ' Cww 2
. 4 T |‘| ) arXiv:1403.5294
} PaII’S Of eT, TlJ 90 500 600 700 800 arXiv:1908.08215

m(%,, %, ) [GeV]
Reaching compressed regions is very challenging!

Use VBF topologies and presence of ISR to increase acceptance
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) CMS-SUSY-19-002 Probing the compressed region .
ISR jet

EEEEEEEEEE

Indirect stau production via C1N2 production
® Recoil from ISR facilitates detection
| ®Soft T = Very challenging analysis
H »Th < 40 GeV and Ad(j, pr™iss) cut to suppress backgrounds

sof'l: T CMS 35.9 fbo! (13 TeV)0-1007/JHEP11(2018)151
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Credits to T.Kamon
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http://dx.doi.org/10.1007/JHEP11(2018)151

&) Electroweak limits 54
ATLAS
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Weaker limits via bosons mediated decays (~400-700 GeV)

Even weaker for compressed and direct staus
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EIectroweak and future prospects
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. strong limits on many models.

ATLAS.

Am, direct-staus.

refined tools/techniques.

LHC WG3 arXiv:1902

' © Both ATLAS and CMS have ric

Summary

h SUSY physics programs setting

| ® More full Run 2 results will appear soon !

Including for instance full-likelihoods being released by

Eagerly waiting and preparing for Run 3 as:

Additional lumi will help difficult corners i.e. compressed, low

Use of more targeted triggers and more sophisticated and

Upgraded detectors will provide more possibilities (HL-HE-

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

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults 2ok
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Cross sections
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Split SUSY v

EEEEEEEEEE

A
Not natural, but still provides DM candidate and gauge
unification 100 TeV
® Light EWKinos
9 10 TeV
® if “heavy” gluinos = long lived gluinos forming R-hadron Splif: SUSY
®Decay : gl= g + N1 (pTmiss + jet w. no tracks TeV
®Strategy : Lookis for “jets" in trigger able beam gaps m H
@®Bkgs : beam halo, HCAL noise, etc Mz |

R-Mesons: gqq
R-Baryons: gqqq

R-Gluinoballs: gg
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£)  CMS-SUS-19-007

~ 1Lepton with mr and M,

EXPERIMENT ==

| 7 V . . ‘ . ‘ ; . )
T1tttt 12+ multi-jets + b tag jets + MET signature
| . .
| ® Benefit from large cross-section and the presence
of ISR R4 : Signal Region
70‘-} tt (11) [p=0.04] « tt (2I) [p=-0.002] = §g, §—tt%S(2100,100)
s fcms ! ' 1877 (13 Tev) ]
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Figure 5: Dilepton control sample (CS): validation of the x factor values found in simulation " efﬁ‘;??y s o
. . . . aggmge 1C1ency = .
vs. data for low M; (left) and high M, (right). The data and simulation are shown as black wistag eticiency 1 13
and red points, respectively. No statistical uncertainties are plotted for the data points, but ) s comectons - o
instead, the expected statistical uncertainty for the data points, summed in quadrature with the jetidentification 1 1
g . . . . . Pileup 1-2 14
statistical uncertainty of the simulated samples, is given by the error bar on the red points and || /" .. o g odos

is quoted as 0. The red portion of the error bar on the red points indicates the contribution
from the simulated samples. The quoted values of A, are defined as the relative difference
between the x values found in simulation and in data.
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&) ATLAS-CONF-2020-002
ATLAS

EXPERIMENT

I\Ije[ A ‘ '
No | TRR | SR
h Rnorm ! !
N T lorm i TRshape
0 X Y S( E;niSS)

'he predicted multijet background yield in a region N[a < S(E%m“) < b] with high jet multiplicity (Ny)
nd S (E}“i”) in the range (a, b) is obtained from the measured yield Nrgy,, in @ lower jet multiplicity (M)

smplate region TRy through the relation

. , Nogi
N[a < S(E’;HISS) < b] - N norm NTR

[a < S(E™) < b).

shape

TRLorm
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Events

Data / Pred.

Search with jets and pymiss

—ol— Data I
44444 Total background
Cat-nq
W +ets
Bz, vy +jets
I Single top
[

[ vV - qqll, qaiv

L L B
ATLAS  Preliminary
s=13 TeV, 139 fb’!

ool vl vl

MJE < 340 340 < MJE < 500 MJZ >500
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) CMs-SUS-19-013 Boosted Z+prmiss
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Z(vV)+jets
e This background has the same final state of jets+p; " as signal
Z v
q g v _
' Photon
Y control region
va g
i
W(lv)+jets ti+jets
* In a casem\clsr:ere lepton is lost, final states ¢ Similar topology of W+jets would follow for a
of jets+py™ . , semi-leptonic ¢ decay
q—>—w~<
L Slngle-lept_on
control region
+% g
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) CMS-SUS-19-013 Boosted Z+pymiss cms

EXPERIMENT

Table 2: Number of events in the pis$ control region, transfer factor, background prediction,
and observed yield in each of the p'** search bins. The first uncertainties are statistical and
the second systematic. The systematic uncertainties in the background prediction include the
shape uncertainties. Also listed in the last column is the number of expected signal events for
an example mass point.

pTs® bin prss CR Transfer Background Observed Exp. signal
(GeV) yield NR factor T prediction yield mg = 1700 GeV
(events) (events) (events) (events)
300 — 450 1191 236 +7+16 237 30
450 — 600 320 63.3+3.6+33 67 39
600 — 800 112 2224+20+19 20 59
800 — 1000 16 Q19850008 3.17£0.80 £0.53 3 6.7
1000 — 1200 2 040+ 0.29 +0.11 3 96
> 1200 1 0.20£0.20 £0.06 1 11.4
Source of uncertainty Effect on yields (%) norm. or shape
Uncertainties in background predictions
Yield fit statistics 3:3 norm.
Yield fit shape 3.4 norm.
mie; CR statistics 3-100 shape
MC closure 2-13 shape
Data validation 2-30 shape
Uncertainties in signal yields
Luminosity 2.3-2.5 norm.
Trigger efficiency 2.0 both
Isolated lepton and track vetos 2.0 norm.
Jet quality requirements 1.0 norm.
ISR modeling 1-2 both
pg and pp scales 0.2-0.5 both
JEC 2-4 both
JER 5-6 both
MC statistics 1-2 both
AKS8 mass resolution 1-3 norm.
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)  ATLAS-CONF-2020-003  Stop pair production in 1-£

bt
b L P . %I/
p v t _
A - 1
- X1 ~< <0
>)i\ % F o~ u :
Kan SE@ » ; Topness : log(min(S))

q

hooq b4
Signal scenario Benchmark Signal Region Exclusion technique
it + i) m@, &) = (800,400) GeV  tN_med shape-fit of EMs* and mr
~ ~0 ~ =0 .
T t+X nh, X = 950,1) GeV tN_high -
l_) :) e -:)) oo lg _ Omy =Py (2 = (ppy + pe+ o)D)
0 —>t+X) m(fy, X7) = (225,52) GeV tN_diag_low cut-and-count S(pwxs PWy,PWz,Pvz) = p + P +
. =0 - . . w 1
[ —>t+X m(fy, Xy) = (500,327) GeV  tN_diag_high cut-and-count
) P | e (mF = (g + pw P (42 = (Zipi )
f| — bff'x m(f, X}) = (500,450) GeV  bffN_btag shape-fit in p&/EMS and Ag(py ', pIis) o + ) ’
il > bff¥)  m@, X)) = (450430)GeV  bffN_softb shape-fit in p/EMiss ! ™
spin-0 mediator m(¢p/a, y) = (20,1) GeV DM shape-fit in A¢(ﬁ¥‘iss, l)
Table 7: Event selections defining the DM signal regions.
Selection DM_scalar DM_pseudo
Preselection hard-lepton preselection
A’je[a Nb-jel = (4’ 2)
g t Jet pr [GeV] > (80, 60, 30, 25)
b-tagged jet pr [GeV] > (80, 25)
X E_rrni-ss [GeV] > 230
_,_< Hpis > 15
d/a N\ y mr [GeV] > 180
topness > 8
m{f);l““e’ed [GeV] > 150
9 t Ad(jet,, priss), i € [1,4] [rad] >09
A¢(ﬁ'{.‘iss, ) [rad] > 1.1 > 1.5
Exclusion technique ' Based on shape fit in A¢(p—"%‘iss, )
Bin boundaries in A¢(pT", ) {1.1,1.5,2.0,2.5, 7}
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£) CMS-SUSY-19-011 Stop pair production in 2-£

TL

PERIMENT =~ = S et

Top : Important when entering the M1, tails due to jet mismeasurement, £-mis-iD/reco’ed.

Top+X : Irreducible background ; estimated from a CR w. 3¢.

Validation regions show good agreement

CMS Preliminary L=137 fb” (13 TeV) CMS Preliminary L=137 fb” (13 TeV)
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£ CMS-SUSY-19-002 Search for soft taus

EEEEEEEEEE

)

/ ~ Indirect stau production via C1N2 production
< e

S :“ ® Recoil from ISR facilitates detection
| @ Soft T are very challenging

P v ~\‘\ ® Fixed Am(C1,N1) = 50 GeV, Am(C1,stau) = 25 GeV

)
Main variable is mr along w. several cuts to suppress bkg

® Require exactly 1 T, + pr™iss and one ISR jet w. pt > 100 GeV
® Th < 40 GeV to suppresses W/Z/top-quark pair
® AD(j, prmiss) to suppress QCD

® Veto b tag jet events, require large pymiss

QCD : Shape from SR like events that fail the T tight but pass the
loose isolation. Yield using tight-to-loose in an QCD enriched CR.

Top, W/Z+jets : Using simulation to extrapolate yields to the SR
from CRs. Validate modelling of the T, and extract scale factors to
correct modelling of ISR and pr™iss in SR.

VV,rest : Taken from simulation.
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CMS/ |
£ CMS-SUSY-19-002 Search for soft taus
CMS 77.2 "' (13 TeV
|5 10" Essmt, 7 — v, — T, Wino %/, Bino 7° ngg:son_— . ) ) )
T e mE) =150 Gev, mG7) = 200 Gev, m@ = 175 Gev mmsinge ] T iN the SR : W+jets dominate low values, QCD high
em@E) = ) = - [ Z+jets
— () =250 GeV, m(x%,) = 300 GeV, m(7) = 275 GeV - — . . . .
10° £ iy =250 Gel m) = 300 Gelh m “Ei 1 Major source of systematic : closure of bkg estimation
B W+ets -
10° § e —
= =
(D 1.2— L i l l —
I s * .
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— Onron: Wino i & %, Bino ¥ 1

Left-handed T
- opceY, L uncertainty

Excluding C1/N2 up to 290 GeV
Extending previous searches 10°%
from LEP ~ 103.5 GeV !!
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IVl T2 CMS
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The Mt-,Vairable

@ Mrois a generalize MET like variable for decays with two unobserved particles

@ Split the visible part of the event into two hemispheres (pseudojets) for the
calculation of M5

Mty (m.) = min [max (M(Tl), /\/I(T2))} IJ1

-'C( 1 ) =miss

_’C 2
By +Br =Py

@ Approximate formula:

=

(M72)* ~ pr (J1) - p1 (J2) - (1 + cos ¢12)

J2
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EWK prod}uction

Mass splitting of the EWKinos depends on M1, M2, u and tanf

: <o
B LSP
ino \4’2»

higgsing =—— _ _ _
— = 2in
wino — o~

My — == 1 Xf
bino

=
=

Standard wino-bino
case: large Am
between N1 and C1/N2;

= MET + hard leptons

Higgsino LSP

bino _

M e e 0
wino . a o~

W = iz
higgsino

M = iix

N1,N2,C1 almost
degenerate:
experimental
challenging;

= MET + soft leptons

X.Zhuang

®” Alexis Kalogeropoulos - 25/05/2020 -LHCP20
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Wino LSP
mMq bimo g
higgsino s
W — = B 8n
Mz 0 = 05

=» Lower xsec than
higgsino LSP;

= WW+MET
dominant;

= No sensitivity
from LHC yet
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http://arxiv.org/abs/1311.0299

VBF topologies

EEEEEEEEEE

{ 'B Credits to T.Kamon

In compressed mass scenarios :

* Leptons w. low momenta and might not be reconstructed.

* Requiring two VBF jets with large mass will boost the SUSY system, increasing the
acceptance
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http://arxiv.org/abs/1311.0299

Mixing scenarios for charginos/neutralinos . %

ATLAS
A
El Zlabl {1 tl, (bl)
8 e ————— D ———
0
0
«
&
Q ~+ ~0
T) Xl ﬂX2
.5 e ——
'™
3 + ~0 ~0
® -0 ~+ ~0 X1 :X2:X3
-0 -0 X1:X1 X2 e——
X1 X1 — ~0
— Xl
a) pure bino LSP b) wino NLSP  c¢) higgsino LSP d) bino/higgsino mix
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http://arxiv.org/abs/1311.0299

R-parity >

EEEEEEEEEE

R-parity

* To remove lepton & baryon number violating
Interactions we introduce a new multiplicative
quantum number R-parity

R - (_ 1)3B+L+25

- All interactions have an even number of sparticles.
- Sparticles can only be pair-produced.

- The lightest sparticle (LSP) is absolutely stable.
(Usually the lightest neutralino.)
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| \\‘/, H E P H Y Soft SUSY Searches at

ATLAS and CMS

Insfitute of High Energy.Phusics

Soft B-Tagging B

------ impact
parameter

Stop decays — top decays — final states with b-jets

secondary

e tagging b-jets with pr > | GeV vertex
* sensitivity to compressed models \ 7 ~§marv vertex
— signal efficiency and background rejection

* Soft b-tagging algorithms:
— Inclusive Vertex Finder (IVF) (JHEPO3(2011)136)

* jets reconstructed from

tracks
* used in all-hadronic (CMS-SUS-16-049) * identifying SVs without
* used in stop IL (CMS-SUS-19-009) for Am ~ myy the presence of a jet
— Track-based Low-py Vertex Tagger (T-LVT) Boral i, 445,450 O, Bugras: W, e hchon

- ATLAS Slmulatlon Prellmlnary
~—— Tracks from b-hadron
|:] Tracks from b-hadron (Selected)
| —— Background tracks
[ Background tracks (Selected)

(ATLAS-CONF-2019-027)

* used in all-hadronic (ATLAS-CONF-2020-003) i S , ]
oft b-tagging
 used in stop IL (ATLAS SUSY-2018-12) [ ATLAS-CONF-2019-027

°
=

Arbitrary unit

0.05—
— Deeplet/DeepCSV I
e used in IL (CMS-SUS-19-009) for Am ~ m,
S S
d, significance
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