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Introduction
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@ The Supersymmetry is a well motivated and favored extension of the Stand Model (SM):
¢ Solves hierarchy problem, provides dark matter candidate, helps with the GUT...
@ Basically have 2 production ways:
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@ This talk will focus on the public results of SUSY search with 1L+jets (1708.08232) ,
SS/3L+jets, (1706.03731) and (1708.07875) at ATLAS during run2
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https://arxiv.org/abs/1708.08232
https://arxiv.org/abs/1706.03731
https://arxiv.org/abs/1708.07875

Inclusive search with 1L-+jets:

Analysis Overview:
@ Signature: 1L-+jets+MET, decay from gluinos or squarks produced in a strong interaction

@ Dominant backgrounds (W+jets and ttbar) are studided in dedicated control regions
(CR); others are estimated via Monte Carlo (MC) simulations

@ The contributions in signal regions (SRs) are derived using a simultaneously fit
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Inclusive search with 1L-+jets:

Signal Regions:

@ Defined for different signal models aiming for different mass regions:
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Inclusive search with 1L-+jets:

Background estimation:

@ BKGs in 2-6J SR:
© Dominant backgrounds (ttbar, single top and W+Jets): semi-data driven method
used, “object replacement method” as cross check
o Small backgrounds (ttV, Z+Jets and diboson): estimated by MC directly
¢ Fakes are negligible due to the stringent selection on MET
@ BKGs in 9J SR: ABCD method
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Inclusive search with 1L-+jets:

Systematic uncertainties:

@ Experimental systematics:
o Object scale factors, ES, ER, MET, b-tagging efficiencies, etc...

@ Theoretical uncertainties:
¢ uncertainties from SM samples modeling etc...
@ Method uncertainties: Coming from the methods we used to estimate the backgrounds
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@ Good agreement between data and bkgs

@ No significant excess observed
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Inclusive search with 1L-+jets:

Results:
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@ Limits up to 2.1 TeV in gluino and 1.25 TeV in squark mass have been excluded
@ Limits up tp 1.8 TeV (2-step grid) and 1.7 TeV (pMSSM grid) have been excluded
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Inclusive search with SS/3L+jets:

Analysis Overview:

@ Signature: Same sign or 3L+jets+MET, decays from gluino or squarks produced in strong
interaction, can be studided in both RPC and RPV scenarios

@ Dominant backgrounds: reducible and irreducible backgrounds are estimated using
data-driven and MC method separately

@ The contributions in signal regions (SRs) are derived using a simultaneously fit
Signal Regions:

@ 13 SRs designed for 7 RPC SUSY scenarios including NUHM2: (left 2 columns)

@ 6 SRs designed for 6 RPV SUSYS scenarios: (right 3 columns)

@ Mainly use NLep, NBJet, NJet, MET, Meff and MET /Meff to optimise SRs
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Inclusive search with SS/3L+jets:

Background Estimation:
@ lIrreducible background (ttV, VV, rare): estimated via MC simulation directly

@ reducible backgrounds:

& Charge-flip: Estimated via a data-driven method
o Fakes or non-prompt (FNP) leptons: “matrix method” and “MC Template”
method are used, final yields coming from weighted average of the two results
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Inclusive search with SS/

Systematic uncertainties:
@ uncertainties range from 25% to 45%, depending on the SRs

@ Dominant uncertainties come from fakes/CF and theoretical uncertainties
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Inclusive search with SS/

Results:

@ No significant excess in any of the SRs

@ All divergences are within 2 o
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Inclusive search with SS/3L+jets:

@ Exclusion limits for RPC: Gluino up to 1.5 TeV, Sbottom up to 700 GeV, Stop up to 700

GeV, LSP up to 1.2 TeV are excluded
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Inclusive search with SS/3L+jets:

@ Exclusion limits for RPV: Gluino up to 1.3 TeV, JR up to 500 GeV are excluded
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EWK search with DiTau:

Analysis Overview:
@ Model: Two simplified models of ¥7%; (C1C1) and ;2};22 (C1IN2) direct production

decay via mediated 7/ are considered in this search
@ Signature: > 2 hadronic 7, low jet multiplicity and large MET

v, /T v /T
T/V- » T/vr
<0 - 0
X1 7o, X1
- iz -
X0 *—T—<' e
TV, T/vr
v, /T TV,

Signal Regions:

@ Two SRs are designed aiming for two different mass split region:

SR-lowMass ‘ SR-highMass
At least one opposite-sign tau pair
b-jet veto
Z-veto

at least one medium and one tight tau candidates
m(t1,72) > 110 GeV
mra > 90 GeV

At least two medium tau candidates

mry > 70 GeV

Di-tau+Ef"™ trigger di-tau+E"™ trigger | asymmetric di-tau trigger
E?"“ > 150 GeV Ea"."“ > 150 GeV E?'” > 110 GeV
Priry > 50 GeV P >80 GeV P > 95 GeV
PTr, > 40 GeV Pr.r, > 40 GeV Pr.r, > 65 GeV

CLHCP SUSY December 19, 2018
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EWK search with DiTau:

Background Estimation:

@ Reducible backgrounds: >1 fake tau

o multi-jet: estimated via ABCD method:
© w+jets: normalized in a CR to data

@ Irreducible backgrounds (VV, ZJets, and Top processes): estimated via MC simulation
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EWK search with DiTau:

Results:
@ No excess observed in SRs
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Summary & Outlook:
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No excess observed in all search channels above
Gluino masses up to ~2 TeV are excluded

g masses up to ~1 TeV are excluded

/b masses up to ~700 GeV are excluded
C1/N2 masses up to ~700 GeV are excluded

Outlook: Will update all resutls with end of run2 data (~140 fb_l)
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ATLAS Summary:
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CMS Summary:

cMS July 2018

Overview of SUSY results: electroweak production
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CMS Summary:

onMs July 2018
Overview of SUSY results: squark pair production
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Inclusive search with 1L-+jets:

Background estimation:

@ BKGs in 2-6J SR:

© Dominant backgrounds (ttbar, single top and W+ Jets):
o use semi-data driven method

o “object replacement method"” is developed independently for cross-check
o Small backgrounds (ttV, Z+Jets and diboson) are estimated by MC directly

& Fakes are negligible due to the stringent selection on MET

CR

additional jets

SR

extrapolate bin-by-bin in m.g

@ BKGs in 9J SR: ABCD method used to reduce the dependence on the mismodelling of

= 500, - T
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250)
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100
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Inclusive search with SS/3L+jets:

Analysis Overview:
@ Signature: Same sign or 3L+jets+MET, decays from gluino or squarks produced in strong
interaction, can be studided in both RPC and RPV scenarios

@ Dominant backgrounds: reducible (charge-flip & fakes) and irreducible (ttV & VV)
backgrounds are estimated using data-driven and MC method separately

@ The contributions in signal regions (SRs) are derived using a simulations fit
Signal Regions: RPC

* Thirteen SRs designed for six RPC SUSY scenarios including a model with non-universal
Higgs masses with two extra parameters (NUHM2):

Four scenarios focus on gluino pair production

+ Two scenarios focus on direct production of 3" generation squark-antisquark pairs

Yang Liu On behalf of ATLAS collaboration CLHCP SUSY December 19



Inclusive search with SS/3L+jets:

Signal Regions: RPV
* Six SRs designed for RPV scenarios:

» Two scenarios focus on gluinos and squarks decay directly to top quarks

» Two scenarios target on gluino decays into a neutralino which further decays to SM particles via a
non-zero A’ or A" RPV coupling

» Two scenarios consider Pair-produdtion of right-handed same-sign down squarks

Using b-jets, ETSS

miss
JMegr and E7"° /mesr to
optimise SRs

III

Signal region | Njignal ‘ No_jers | Nyers ‘ Priec | EF= | mex ‘ EP*/ M Other Targeted
Name [GeV] | [GeV] | [GeV] Signal
Rpv2L1bH | >2ss | >1 | > > 50 — | >2200] - - Flgs. 1g.1h
Rpv2L0b — 2SS =0 | = > 40 - | > 1800 | - veto 81<mg:.+ <101 GeV Fig. 1i
Rpv2L2bH > 2SS =2 | > > 40 — | > 2000 | - veto 81l<m.:.+ <101 GeV Fig. 1j
Rpv2L2bS >0 =2 | = > 50 - | > 1200 - Fig. 1k
Rpv2L1bS | >¢-¢- | =1 | > > 50 - > 1200 - - Fig. 11
Rpv2L1bM | >¢¢~ | =1 ‘ > > 50 - ‘ > 1800 - - Fig. 11
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Inclusive search with SS/3L+jets:

Background Estimation

@ lIrreducible background: SM process with SS/3L in the final state
@ Estimate from pure MC samples
@ Since diboson and ttV events are the main backgrounds in the signal regions
@ Dedicated validation regions (VR) are defined to verify the background predictions
from the simulation.

Validation Nipton Np—jets Nicts prje | ET | meg | Other
Region Name [GeV] | [GeV] | [GeV]
W =255 >1 | >4(etet, eTu) | >40 | >45 | >550 | pr(fy) > 40 GeV
>3 (uwEu*) >25 ey /S pf > 025
ttZ >3 >1 >3 >35 - > 450 | 81 < mgpog < 101 GeV
> 1 SFOS pair
wWZ4j =3 [ >25 | - | >450 | E7™/3pr <07
WZsj =3 =0 >5 >25 - | =450 | E7¥/>pr <07
wEwWEj =255 =0 >2 >50 | >55 [ >650 | veto8l < m i s <101 GeV
P > 30 GeV
AR, (t15,]) > 07
AR,(1,6,) > 13
Al VRs Veto events belonging to any SR
Validation Regions tEW ttZ WZ4j WZ5j wEWEjj
ttZ/" 62+09 | 123+17 | 17.8+35 | 10.1+23 | 1.06+0.22
ttW 19.0+£29 | 1.71£0.27 | 1.30+0.32 | 0.45+0.14 41+0.8
ttH 58+12 36+1.8 1.8+£0.6 0.964+0.34 | 0.69+0.14
titt 1.02+0.22 | 0.2740.14 | 0.04 +0.02 | 0.03+0.02 | 0.03 4+ 0.02
wEw* 0.5+0.4 — - -— 26+ 14
wz 14+08 29+£17 200+ 110 70 £ 40 27+ 14
zz 0.04 £0.03 55+3.1 2+12 9+5 0.5340.30
Rare 22+05 2613 73x21 3.0+1.0 1.8+05
Fake/non-prompt leptons 18+ 16 22+14 49 +31 17+12 13+10
Charge-flip 3.4+05 —— —— —— 1.744+0.22
Total SM background 57 +£16 212+35 300 = 130 110 £ 50 77+31
Observed 71 209 257 106 99
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Inclusive search with SS/3L+jets:

@ reducible backgrounds:
& Charge-flip:

o Mainly caused by bremmstrahlung of the origin electron interact with detector
materials

o A data-driven method is used, wg;, = & (1 — &) + (1 — £;)&,, € means
charge-flip rate extracted from Z/y* — ee data sample
o Fakes or non-prompt (FNP) leptons: two data-driven methods are used, final yields
coming from weighted average of teh two results

o Matrix method: Relates the prompt and FNP events with tight and
loose-not-tight leptons and fake/real efficiency (e/€)

(npass) _ 1 1 (nreal)

= 1—e 1-¢

Nfail - £ Nfake

o MC Template: 6 CRs are defined to re-weight MC to match the data, 5
categories to classfiy events

2 —rm 3 2 o 3 1400F para =
£ 1400, Yy Total SM - £ 3500E- 3 Yy Total SM E ° Wiy Total SM El
1200 {3 Diboson 3000E- T, 22}, E">50 Gev [ Diboson E B 1200 (= Dibx =
E (0 Fake/non-prompt M (0 Fake/non-prompt 3 1000E- [ Fakefnon-prompt |
10005 =i, iz 2500E- 2w izr g S, iz E|
B e, i, 41 0 Rare, i, 41 & soof S
800} {0 Charge-fip 20008, w 0 Charge-fip B Charge-fip El
600) FNP: matrix method 1500 FNP: matrix method 600] FNP:matrix method
400] E 1000 Y 3 400) el
200, 500 & 200; —
16l 1 18
z 14 31 31
3 3 . 3
s 13 i, 5 2% /] W / L 12y n i ]
g od £o 2 odF
S 06 S 0 S 06E
0. H 3 5 =6 0 0 22 0 200 400 600 800 1000 1200 > 1400
Number ofjets (p, > 25 GeV) Number of b-ets (p, > 20 GeV) Effective mass m,, [GeV]
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EWK search with DiTau:

Background Estimation:

@ Reducible backgrounds: >1 fake tau

E mise,
My,
Mz, vy),
AR(t,1)

o multi-jet: estimated via ABCD method:

o Techs: Exclusive CRs and VRs are defined in 2D plane as a function of 2 sets

VR-E

of uncorrelated variables, contributions in SRs extracted from correspondig
CRs

Results: Good agreement between bkgs and data in VRs

Used for nominal L
ABCD method
Used for validation
‘and systematics
T=CB
mm—) SR-D VR-F (lowMass)
210 F atias . 4Daa NsmToa 7
reom 0 10° 9= 18TV My jers 1 Wajets
VR-F 21 W Z+jets M Top Quark
g Diboson b
fin) ---- Reference point 1 3
-- Reference point2 ¥
CR-C . .- ]
10 1
tau-id and charge E B

Data/SM
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EWK search with DiTau:

Background Estimation:

@ Reducible backgrounds: >1 fake tau
& w+jets: A dedicated CR with high purity and low signal contamination is used to
normalize to data. A VR is used to validate this method

W-CR | W-VR
One isolated muon and one medium tau lepton with opposite sign
b-jet veto
m(p,7) > 70 GeV
Exiss > 60 GeV
50 < mt,, < 150 GeV
mr,, +mr > 80 GeV
0.5 < AR(p,7) < 3.5 0.5 < AR(p,7) < 4.5
10 < mTy < 60 GeV mTg > 60 GeV

WCR ur) S LA — . WVR fur) S LALIC] ———
30 Fanas 4oaa wSMTow] 10 fATLAs ¥ pae U SsMTowq g 10" FATLA Cdbaa SsuTowd 3ot FATiAS 4paa SswTo
Qo LT Do 1 Weios S0 EEIITEIE Oyos Bweies ] @ o LT Do Sweiets | 2 g b Duijers S waiers 4
3 W Top Quark M Zsiets 3 W Top Quark M Zsjets 3 B Top Quark W Z+iets Swb WTop Quark Mzviets ]
50 Diboson 510 F Diboson 4 5 Diboson 5 Dioson E|
& -~ Rloronco poin Erot b oo Relooncopont 1§ @ -~ Raloronco pont 1 & - Rolaroncopont 1
0 Retaronce pont 2 Fetaronce pont 2 0 Fetarence pont 2 Retermncapontz |
10° | 107 1
° w o 3
10 | El
' ' 4
E
= 10" & 10"
s 2 R s 2 - s 2
G e 3 2 2
s N A N N ) s s NN o s RUBRIRK AN AN s . e M) i
& O 00RO UEO 20 a0 & O HSTHES A A s & oo 0O WO E0 20 M0 & %60 70 E0 TS 00 110 120130 10 150
£ [GeV] mya (GeV; P (GeV] ™, [GeV]
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EWK search with DiTau:

Background Estimation:

@ Irreducible backgrounds: VV, ZJets, and Top processes

o Estimated via MC directly
¢ Dedicated VRs are defined to validate them

WIT-VR I ZZVR
One opposite-sign lepton (¢ or 1) pair
1 pr >30 GeV, e pr > 40 GeV

AL I Top-VR Jet veto
At least one opposite-sign tau lepton pair me > 50 GeV
Tau pr > 50, 40 GeV’ i > 50 GeV
Em= > 60 GeV. M > 100 GeV
At least two medium tau leptons | at least one medium and one loose tau lepton mra > 70 GeV
jet veto at least one b-jet Two isolated leptons (e or 4) with different flavour | two isolated leptons (e or ) with same flavour
mr2 < 10 GeV mrz > 10 GeV mer top tag veto AR(£,0) < 15
mer top-tagged [mec = mz| < 15 GeV
ZVR (@) Top VA (z7) WW VR (ep) ) ZZVR (ecorp) . . .
3 10 FarLas $Daa  NSMTow 4§ 10 FATLAS' "y oaa NsmTom Foo Faras T T S o % 10t FATas foaa NsMTom 3
8 LTt O e O S LI et B Sl SR D &7 F e aresern' D ]
S E " 1 Sl 210t Diboson [l Top Quark Divoson [ Top Quark
2wk Py Wzejots 1 Weiols 3 =
5 H Diboson g0 Wzijets | Wejers g0 Wziiets | Wejers
g b - Reterencepointt 4 @ 1% ~--~ Reference point 1 & -~~~ Reference point & -~ Reterence point 1
- Fetaronce pont 2 Fetaronce pont 2 0 Fetaronce pont 2 10 Retersnca pont 2
» 10
vl 0 10
! 1 1
1 E| 10" 10" 10"
s 2 . s 2 s 2 = 2 AR
3 2 s 3 ihs 2 S =
K N 2 s . 5 W 2 N U M ) 2 N DDA N +
g° 5 0§ 0072074060 8000 120 140 60 180 200 § O707 890 00" 110 120" 130 140 is0 & O 80900 120 140 160 180 200 220 240
M, (GeV, my, [GeV] m, (Gev] ™y, [GeV]
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EWK search with DiTau:

Results:
@ No excess observed in SRs

SR-lowMass SR-highMass
SM process SR-lowblass | SR-highMass 3 25 - aTLAS' T iDaa NsSWTota ] @ 25 ATLAS ' " i Data | NSMTotal
Diboson 50£22 | 10+08 S [T M Wajes S [T M wajes
Witjets 18£11 0.7 £ 05 5 28\ Wziets MTopQuakw| 5 20 W z+jets M Top Quark |
Top quark 12£10 0.03°5:33 5 N Diboson 5 Diboson
/ 0.615:% 0.6+ 0.5 a 15 ---- Referencepoint | @ - Referencepoint1 |

t 4.3 + 4.0 1.3+ 1.1 - Reference point 2 - Reference point 2
SM total e 3T %14 10 10 E
Observed 0 5
Reference point 1 | 118 £2.8 | 1L6+£26 s s
Reference point 2 | 11442.6 | 10.0£2.1
Po 0.5 03 ) )
Expected 0% [b] | 0311912 0177538 3 5 m @&\\\ 3 5
Observed 093 [fb] 0.26 0.20 g o30 [ A SRR D D

= [=] [=]

@ C1C1: C1 up to 630 GeV are excluded for a massless LSP
@ C1N2: C1/N2 up to 760 GeV are excluded for a massless LSP

P72 X BE) 2 2x v 7, ), W) o 0 S TT 52X 9 5 2x 0
= T T = T T T T T T T T
2 ‘SR-highMass. | 2 ATLAS ‘SR-highMass / SR-owMass
= —— Ovsenved imit (21625 2 S e Tev,ast i Ovserved imit 21 627)
£ #5255 Expected bmit (+10,.,) 3 3 + Expected imit (+10,.,)
ATLAS 8TeV, 203 5" (Observed 00 oy ATLAS 8TeV, 203 16" (Observed ]
200 - I eP27 (1025 Gov) E Avimis a9 CL I cP27, (1095 o)
E E 400 E
250 E
200 E 300 E
El 200 =
E 100 4
50 —
0 L L EA RPN 0 L L L Lod
100 200 300 400 500 600 700 100 200 300 400 500 600 700 800 900
m.. [GeV] m..m_, [GeV]
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EWK search with DiTau:

Systematic Uncertainty:

@ Main sources:
o Experimental: Mainly coming from TaulD, pile-up, and object's energy scales and
energy resolutions
& Theoretical: Mainly coming from theory uncertainties in MC samples, the choice of
QCD normalization scale and resummation scale
¢ Uncertainties in ABCD method

| Source of systematic uncertainty | SR-lowMass | SR-highMass |
Normalisation uncertainties of the multi-jet background 32 32
Statistical uncertainty of MC samples 18 24
Multi-jet estimation 14 13
Pile-up reweighting 8 8
Jet energy scale and resolution 11 4
Tau identification and energy scale 6 8
Eiss soft-term resolution and scale 2 6
Total 40 38
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THE END
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