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Introduction
Standard particles SUSY particles

Neutralinos
X1,2
Charginos

' Quarks 0 Leptons . Force particles Squarks Q Sleptons O SUSY force
particles

€ The SUper-SYmmetry is a well motivated and favored extension of the
Stand Model (SM):

» solves hierarchy problem, grand unification issue, dark matter candidate...

€ This talk will focus on the electroweak SUSY searches performed by
ATLAS @13TeV.



Motivation

& |If the coloured sparticles are too heavy
for LHC, electroweak productions will
be dominant.

€ Smaller cross sections, limits are less
stringent, and motivated by
naturalness.

€ Multi lepton final states make it easier
to suppress the SM background.
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Common strategy

1 2 3 4

(Pl € SUSY searches rely on accurate modelling

EWK 2/3L(RPC) of the Standard Model backgrounds
EWK 2t(RPC) Control/validation regions (CR/VR) are defined to
EWK 4L(RPV) . StL.de. the -backgrOlfnd modeling
€ Discriminating variables are used to
» Analyses target final states with separate signals from backgrounds:
different lepton multiplicities. Object counting, momenta, energies
- - €.g. Njet,bjet,l,r’ Pr
» Interpretation is usually performed Scale variables, event-wise variables

with simplified SUSY models.

» An analysis can probe several e.g. Ap(jet, EMsS), AR(L, I)
models. Mass variables

» Scenarios with R-parity-conserving . etr? %BH;Teg' f\i:i)variables
(RPC) and R-parity-violating (RPV) ypothesis ba

_ _ e.g. mpy
decays are both being examined.
RP — (_1)3(B—L)+ZS

e.g. Hy = ZPp, Ef*™S, mys; = Py + EJVSS
Angular variables
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Signal Processes

vy /T
T/Vs

~0
X1

21 (RPC)

Simplified model

BR=100% for the targeted
decay

77 (C1)/73 (N2) and 77 (N1)
masses as free parameters

m~

= ~0 ~+ ~0 ~0
zy - 0-9(Mgl ymg )

L 1 X1’X2’X3 .

41 (RPV)
ATLAS-CONF-2016-075

2| + Ojets

2| + jets

3l

§/3I(RPC)

ATLAS-CONF-2017-039 -
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I Signal Processes

2| + Ojets

2| + jets

Simplified model

BR=100% for the targeted
decay

77 (C1)/73 (N2) and 77 (N1)
masses as free parameters

= 0.5(m z° + m Z= 50 50)

f
o X 2/31 (RPC)
ATLAS-CONF-2017-039 :
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2/3L: Signal Regions 2|+0jets

ATLAS-CONF-2017-039

£ . X9
i X1
p

slep 2 2I

2| + Ojets

3

C1C1 - slep 2 2i

O

O

Signatur_e: 2 opposite-sign (OS) leptons, O jet,
large E7''°°.

SRs defined for same-flavor (SF) and
different-flavor (DF) separately, further binned
In stransverse mass (my,) and invariant mass
(my;, only for SF) after preselection on my
and a jet veto.

2/+0jets binned signal region definitions
mry [GeV] | myy [GeV] SF bin DF bin

111-150 5
150-200

100-150 200300 S
> 300 Q) 1 E
111-150 8_ S
150-200

150-200 900-300 5 o
> 300 > >
111-150 s | &
150-200 o~

200-300 | 500500 g Q.
> 300 (D

> 300 > 111 &5 |

2/+40jets inclusive signal region definitions

> 100 > 111 SR2-SF-loose -

> 130 > 300 SR2-SF-tight -

> 100 - - SR2-DF-100

> 150 - - SR2-DF-150

> 200 - - SR2-DF-200

> 300 - - SR2-DF-300

. t1 (2 i
mry = n&m [max (mT(pT .qr), mr(p1, PT
T

mr(PT, q1) = V2(PTYT — PT - 1)

- (IT))]
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- Main selections

SR2-int

SR2-high

SR2-low-2J

SR2-low-3J

> 2 jets, EFISS > 150GeV

> 2 jets, EFISS > 250GeV

2 jets, EXISS > 100GeV,
W recoiling against the Z+E7"°° system

3-5 jets, EMSS > 100GeV,
ISR jets recoiling against the Z+W+EDss
system

2/3L: Signal Regions 2l +jets ATLAS-CONF-2017-039

O Signature: 2 SFOS leptons, = 2 non-b-tagged
jets, large E7"%°.

O Select events with 2 leptons from an on-sell Z
boson and 2 jets from W boson.

2| + jets

CIN2 > WZ > 2I+2j

O Two inclusive SRs targeting intermediate /
large mass splittings between C1/N2 and N1.

O Two orthogonal SRs for low mass splitting:

» SR2-low-2J: assume 2 jets from W boson
» SR2-low-3J: assume C1N2 recoils against ISR jets

8
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2/3L: Signal Regions 3l ATLAS-CONF-2017-039

3| SR definitions

SRs for
slepton mediated

|mgros — mz| > 10GeV binned in plT3

SRs for -

gauge-boson mediated Imgpos — myz| < 10GeV  binned in Et min

13
» PT» Djet and mr

O Signature: Exactly 3 leptons (2 SFOS
leptons), 0 b-tagged jets, large E7''>°.

O Two sets of SRs defined by m; to target
slepton and gauge-boson mediated
decays, further binned in EF'sS, p%?, nje

and mp'". CIN2 > slep > 3| CIN2 > WZ - 3

3
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2/3L: Background Estimation

ATLAS-CONF-2017-039

Background estimation summary
Channel 2(40jets 20+ jets 3¢
Fake leptons Matrix method (MM) Fake factor method (FF)
tt+ Wt CR MC FF
VvV CR MC CR (WZ-only)
Z [v+jets MC ~v+jet template FF
Higgs/ VVV/ top+V MC

Irreducible backgrounds: (prompt and real leptons)

> VV, Z/y+jets, tt dominant in 2| channels; small contributions from

Higgs, VVV, top+V

» In general estimated from MC simulation, dominant backgrounds

are normalized in dedicated CRs

Reducible backgrounds: (=1 fake or non-prompt lepton)

» Multi-jet, W+jets, single top for 2| channels
> Besides, Z+jets, tt, WW are also reducible for 3| channel
» Estimated from data using “fake factor method”.

Events / 20 GeV

Data / SM

10°

10*

|||||||||||||||||||||||||||||||||||||||

ATLAS Preliminary

Vs =13 TeV, 36.1 fb"
SR2-SF-loose
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2/3L: Results 3 = > | ATLAS-CONF-2017-039
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I Signal Processes

ATLAS-CONF-2017-035

27 (RPC)

Simplified model

BR=100% for the targeted
decay

77 (C1)/73 (N2) and 77 (N1)
masses as free parameters

~ - M 70 +m z -0 20
Mizsv ™ 0.5(m 7%+ m 3 30 %)
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ZT. Sig nal Regions ATLAS-CONF-2017-035

SR-lowMass

vy T % [ATLAS Preiminan Do S owTom ]
v, o 10° s =13TeV, 361 " Mmutti-jets  Wejets 2

-0 :_5 - W Z+jets [l Top Quark]

X1 E’ 10° Diboson 3

L = - -- - Reference point 1
L 0 - - - - Reference point 2

“--<' X1 10 L

T/, .- \;E

vy [T 1 %%

. . . 2 S EEE N T

O Signature: 2 OS hadronically decaying t SN N AR AN N
. . ] 30 70 110 150 190 230

leptons, 0 b-tagged jet, large ET"*®. "re 56V

. : i Rl

O Two SRs defined targeting low and high § 10" FATLAS Proiminany < Oas oW Tota |
mass splittings between C1/N2 and N1. i e

. . . . . E’ - Diboson ]

O my, is the most powerful discriminating Goe - Refeence pont 1
variable. 0B . [ o

> 2 medium t > 1 medium 7 and 1 tight t s 2p 1 r\\ 3

i : % fERH ® N . N
ETSS > 150GeV, P! > 50GeV  EF'SS > 110GeV, Pf' > 80GeV 8 %0 &5 00 18 170
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21: Background Estimation ATLAS-CONF-2017-035

Used for nominal

. i el
O Irreducible backgrounds: anem) | reem| oo
> VV, Z+jets, top (tt, single top, ttV).
> Estimated from MC simulation. VR-E  TZPB, VR-F
O Reducible backgrounds: . .

» 1 fake 1. W+jets, estimated from MC + normalization
factor from data.

tau-id and charge

VR-F (highMass)

> 2 fake T: multi-jet, estimated from data using “ABCD 8 108 pATLASP e
” w0 B s Multi-jets  W+jets
methOd . 2 Z+jetsj'. .TopJQuark
:>j Diboson

- - - - Reference point 2

D Val i d ati O n : - -- - Reference point 1

» A dedicated VR is designed for each background to
validate the estimation from data.

Data/SM
9%
4
%
7_

my, [GeV]
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271T: Results

ATLAS-CONF-2017-035

SM process

| SR-lowMass I SR-highMass |

diboson 59 4 2.2 1.0 £ 0.8
O No significant excess above SM predictions in W tjets 1.8+ 1.1 0.7+ 0.5
Top quark 1.2 £ 1.0 0.03f8;§§
any SRs. Z+jets 0.6197 0.6 & 0.5
multi-jet 4.3 £ 4.0 1.3+ 1.1
O Extended the exclusion limit to higher C1/N2 SM total 4L6 TE14
Observed 10 5

and Slepton Masses. Reference point 1 11.6 2.6 11.8 4+ 2.8
Reference point 2 10.0 £ 2.1 114+ 2.6

O Limits on cross-section set for re-interpretation. 0 0.5 03
Expected UWS [fb] 0.317033 0171505

Observed o22 [fb] 0.26 0.20
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Signal Processes

Simplified model

BR=100% for the targeted
decay

77 (C1)/73 (N2) and 77 (N1)
masses as free parameters

= 0.5(m z° + m Z= 50 50)

m-~
1 x1’x2’x3 .

1R

4| (RPV)
ATLAS-CONF-2016-075
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4L: SRs & Background Estimation ATLAS-CONF-20-6-075

O Irreducible backgrounds:

O Signature: = 4 leptons. > 717, ttZ, ttWZ, VVZ, Higgs, tttt, tttW.
» Estimated from MC simulation.

Reducible backgrounds:
> 1 fake lepton: WZ, WWW, ttW: estimated from MC

O SR defined based on m.¢ after n
vetoing leptons from Z boson.

miss > 2 fake leptons: tt, Z+jets: estimated from data
Mefr = ET + z pT(l) + Z[pT(D]>4OGeV using “fake factor method”
1 J
3 [ Amas Py oo | e
SRA SRB 1% 102 ;i,=z1v39'tl':v,13.3 fb -l:'z .szV _E
@ iggs L
T Others ---m(ﬁ;,ﬁ):
g (900,400) GeV
N (e,u) 24 N (e,u) =24 10
Z boson veto Z boson veto N T
meff > 600GeV meff >900GeV W o T

10~

Data/SM

Assume %AiikLiLjE_k term violate
- multi-lepton final states.

— no ]

0 500 400 600 800 1000 1200 1400 17
m_, [GeV]

o
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4L: Results

Sample VR SRA SRB
[rreducible
Z7Z 20+ 5 0.6 +0.4 0.20+0.19
VA 2.05+0.24 1.43+0.23 0.47 £ 0.09
Higgs 1.7+ 1.4 0.4+04 0.11+0.11
VVvZ 0.72+0.14 0.31 £0.06 0.123 £ 0.027
Others 0.28 + 0.07 0.32+0.04 0.181 £0.022
I-fake { reducible 1.14+0.07 0.168+0.018 0.069 +0.014
2-take ( reducible 16 +£6 0.48 +0.24 0.11+£0.05
> SM 51+6 3.6+0.6 1.26 £ 0.26
Data 53 2 0
Po — 0.64 0.80
Lfi - 43 3.0

03 1+1.6 +1.3
Sexp N - 5.4_J'g 3‘8—$.3
(enj;& [fb] — 0.32 0.22
CL, — 0.21 0.15

0 0

PP = X%, = WIWY,; X, — I'lv

ATLAS-CONF-2016-075

1200 |- ATLAS Preliminary

r _ Vs=13TeV, 13.3fb"

1000 — oo susy

....... Iheury}
=== Expected limit (+10,,,)
ATLAS 8 TeV, 20.3 fb

All limits at 95% CL

S r— - e

-

|III|IIIIIII|III|III‘\II

- .'I"l‘l { 11 1 |

0 1 1 1 L
500 600 700 800 900

€ No significant excess beyond SM expectations.
€ Exclusion limits are extended to higher C1 mass as well as lower N1 mass.

€ Model-independent cross-section limits are also derived.

1000 1100 1200
m: [GeV]
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Summary

Three SUSY searches for electroweak 3

productions using 13TeV datasets are
presented.

No discovery yet.

Exclusion limits on gaugino/slepton
masses have been largely extended.

More studies with full 2015+2016
dataset and new results targeting
compressed region are coming -- stay
tuned!

O]

—1200
o
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1000

800 %

600

400

200

May 2017 ATLAS Preliminary  Vs=8,13 TeV, 20.3-36.1 fb™
| === Expected limits —— Observed limits All limits at 95% CL
| X;X; ——via 1/¥ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294
| via |/ v 2l, arXiv:1509.07152
B — via T/ ¥, 2t, ATLAS-CONF-2017-035, arXiv:1407.0350
| via WW 2|, arXiv:1403.5294
— X,Xo —— via 1/¥ 2M3l, ATLAS-CONF-2017-039, arXiv:1509.07152
: — via WZ 21+3I, ATLAS-CONF-2017-039, arXiv:1403.5294
| via Wh  Ibb+lyy+II*+3l, arXiv:1501.07110
£~ ® )
XX/ Xe via %/ ¥, 2, ATLAS-CONF-2017-035
| 0~ i T -
Xo%a via Iy 3l+4l, arXiv:1509.07152
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Thank you for your attention!

i | | I
800 1000 1200
—~ ~0 ~0

m(X,, X, X5 ) [GeV]

400 600
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SR definitions: 2/3L

2/+0jets binned signal region definitions

mry [GeV] | my [GeV] SF bin DF bin
111-150 SR2-SF-a
150-200 SR2-SF-b
100-150 900-300 SR2.SF-c SR2-DF-a
> 300 SR2-SF-d
111-150 SR2-SF-e
150-200 SR2-SF-f
150-200 900-300 SR2 SF.g SR2-DF-b
> 300 SR2-SF-h
111-150 SR2-SF-i
150-200 SR2-SF-j
200-300 900-300 SR2.SF.k SR2-DF-c
> 300 SR2-SF-1
> 300 > 111 SR2-SF-m SR2-DF-d
2/+0jets inclusive signal region definitions
> 100 > 111 SR2-SF-loose -
> 130 > 300 SR2-SF-tight -
> 100 - - SR2-DF-100
> 150 - - SR2-DF-150
> 200 - - SR2-DF-200
> 300 - - SR2-DF-300

2/+jets signal region definitions
SR2-int | SR2-high | SR2-low-2.J | SR2-low-3.J
Mnon—b—tagged jets > 2 2 3-5
My [GeV] 81-101 81-101 86-96
m;; [GeV] 70-100 70-90 70-90
Emiss [GeV] >150 | > 250 >100 >100
pZ [GeV] >80 > 60 > 40
py [GeV] >100
mTo [GeV] >100
R(gg) <1.8
A(Ib(E’,’f‘iSS’Z) < 08
A(/j).(Er‘FiSS,W) 0.5-3.0 > 1.5 < 2.2
Fmiss /pZ 0.6— 1.6
Eiss /) < 0.8
A(’!’S(E’%“SS,ISR) > 2.4
A(’b.(E‘ff‘iss,jetl) > 26
Emiss /ISR 0.4-0.8
n(2)] < 1.6
pjr;tg [GeV] > 30
3¢ binned signal region definitions
MsFos E’E‘niss pETS Nnon—b—tagged jets m%ﬁn pl'%‘?f 'IE‘}ﬂ Bins
[GeV] [GeV] | [GeV] [GeV] | [GeV] | [GeV]
20-30 SR3-slep-a
<81.2 > 130 < 30 > 110 SR3-slep-b
20-50 SR3-slep-c
>101.2 > 130 | 50-80 > 110 SR3-slep-d
> 80 SR3-slep-e
60-120 SR3-WZ-0Ja
81.2-101.2 | 120-170 0 > 110 SR3-WZ-0Jb
> 170 SR3-WZ-0Jc
120-200 >110 | <120 | > 70 SR?&;Z—IJ&
81.2-101.2 < 200 >1 110-160 SR&=WZ-1Jb
> 35 > 160 SR3-WZ-1Jc




SR definitions: 2t and 4L

A
SR-lowMass SR-highMass
at least one opposite sign tau pair
b-jet veto
Z-veto
at least two medium tau candidates | at least one medium and one tight tau candidates
m(71,72) > 110 GeV
mmry > 70 GeV mrTs > 90 GeV
di-tau+ER® trigger di-tau+EXss trigger | asymmetric di-tau trigger
Exss > 150 GeV Emiss > 150 GeV Emiss > 110 GeV
pT,7 > 90 GeV P, > 80 GeV PT.7 > 95 GeV
PT,m > 40 GeV PT,m > 40 GeV PT. > 65 GeV
4L
Sample N(e,pu) signal  N(e,p) loose Z boson  meg [GeV]
SRA >=4 >=0 veto > 600
CR-SRA =2 >=2 veto > 600
SRB >=4 >=0 veto > 900
CR-SRB =2 >=2 veto > 900
VR >=4 >=0 veto < 600
CR-VR =2 >=2 veto < 600




