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Why EW SUSY searches?

m Search for EW SUSY below the TeV scale is motivated by naturalness arguments
® EW production has a low cross-section compared to strong production of squarks & gluinos

» very challenging searches
» but leads to multi-lepton signatures with very low SM background
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EW SUSY mass spectrum

m Gauge eigenstates Bino, Wino and Higgsinos mix to form the mass eigenstates :

4 neutralinos : )?(l), )?(2), fg, )?2 2 charginos : 5(‘1_“’ )?;_,

M 0 —g'va/V2  g'vu/V2 \ Bino < M, V2sg mW)Wino

0 M, 9va/V2  —gvu/V2 |Wino V2es myy 7 Higgsino
—gva/V2  gua/V2 0 —u |Higgsino
Juu/V2  —gvu/V2 —n 0 Higgsino

m Three typical EW SUSY mass spectrum used in simplified models, depending on the relative
values of the M, Mj and y parameters, each corresponding to a different )?(1) flavor (ArXiv:1404.7191)

bino-like Wino-like or co-NLSP Higgsino-like
(a) (b) (c)
u 20, 0, T . Fo. 50 7 . o,
M, %, 0 M, %=° M, %°
M, o M, P " A
(Mg g) (my, G) (mg, g)

— ~ all models shown here

— ~ long-lived x7 (disapearing track)

— not shown here
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Overview of RPC EW searches

Signature depends on electroweakino mixture and sleptons masses : 2/3/4 leptons + Kt :

Wino-like and mass degenerate )?(2) and f‘f—> largest cross-section in most of MSSM parameter space

naturally decays through if m()?(l)) <m(f, 7)< m()?f,)?g) .
W/Z/H :
» 3 lepton (e,u) + ET
» 3 leptons (e,u) + ET
» 2 7 + K1 for light 7
» 2 leptons (e,u) SFOS + ET P

Pair production of charginos, neutralinos or sleptons via coupling to Z/y

v/t o o .,
172% if m(x7) <m(C,v) <m(x7) :
naturally decays through W :
X1 » 2 leptons (e,u) OS + ET
» 2 leptons (e,u) OS + KT

8 TeV result only ! » 27T +HET

if light sleptons :

ight-sleptons :
» 2 leptons (e,u) SF OS + KT righi-sieptons

i N
— larger cross-section for ¢ > [\i*’ X1

» 4 leptons + KT
8 TeV result only
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Discrimination of SUSY signal and SM background

® Many kinematic variables are used to discriminate SUSY vs SM :

— Niets, Ne, pr(jet, €), Ap, Er, Hr, mefg, m, mr2, mcr etc ...

® Some variables initially developed to measure the mass of pair produced particles with
semi-invisible decay also useful for SUSY vs SM discrimination

» Example : mT) : generalization of transverse mass mT used to measure the W mass at hadron
colliders :

Events /10 GeV

Data/SM

mry = ming; [max(mT(P?’QT)l mr(p4?, pimiss - qT))]

DF channel

T T
ATLAS, Vs = 8 TeV, 20.3 fb"
@ Data [ Non-prompt leptons

3 z+jets ] Higgs
—ww Bkg. Uncert.
Cowt - (meim, = (650.0) Gev

L - ///,4-
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S /,71%7//7/%5/////47%/
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— end point for WW and tf at myy
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2-lepton analysis : selection ATLAS-CONF-2017-039

m 2( Same Flavour Opposite Sign (SFOS) (e*e™, ut ™) + jets:
o target W/Z-mediated decay

— request mypp ~my, mjj ~ my

—O O

e medium/large Am(fg/ﬁ,f?) :
— 2 SR with > 2 jets and 7> 150, 250 GeV
o small Am(¥Y/%5,%0) -
— 2 SRs assuming either :
- W recoil against the Z + £ system
- full W + Z + BT system recoil against an ISR jet

m 2¢ Opposite Sign (OS) + Ojets :

o target models with light enough sleptons

o events are split into 2 categories with different bkg composition :
o Same Flavour (ete™, ptp™):
— 13 SRs binned in mTj and mg,
o Different Flavour (e*p™):

— 4 SRs binned in mT;

A. Marzin (CERN) W S with ATLAS September 3, 201


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039/

2-lepton analysis : backgrounds+results

ATLAS-CONF-2017-039

e irreducible bkg :
o dominated by diboson, then tf and Wt

— renormalise MC in CR for 2¢+0jets
— taken from MC for 2{+jets

e reducible bkg:
o Z+jets with fake Et :

— from MC for 2(+0jets
— from y+jets events for 20+jets

o non-prompt ¢ :
— from data-driven matrix method

20 + jets

T
e Daa
it Total SM
_—2lyers

=

ATLAS i Prelimmary‘

Vs =13 TeV, 36.1 fb™

e
’ m )=(500,100) Gev.
SR2-inthigh (nwx 1)~(400.200) GV

Events / 25 GeV

Data/SM

250 300
B [Gev)

Events /15 GeV

Data / SM

Events / 15 GeV

Data/SM

20 SF + Ojets

10° T T T

ATLAS Preliminary , Do
w

2Iy +jets

_ .
10° Vs=13TeV, 36.1 b Ton
Reducible

SR2-SF-loose .

———— (m.my) = (400.51) Gev
() = (5005.1) Gev

2¢ DF + Ojets

T T
ATLAS Preliminary

V=13 TeV, 36.1 fo*
SR2-DF-100

(300,150) GeV/

- (mg my) =
(mxr, mu) =(750,150) GeV



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-039/

2-lepton analysis : Interpretation

ATLAS-CONF-2017-039

m Models with light sleptons :

e BR = 1/6 for each {1 and 7 flavour

o my =g, :(m)?(l) +m)a_»)/2

®m Models with heavy sleptons

e decay via W,Z

L5 -WEaEZem,

= T N —

3 ATLAS Preliminary = Observed limit

EN 400 fs=13Tev, 36117 Expected limit (+1 G,,)
B A7uAs 8 Tov arxivit403.5294

500 600 700
min/mi: [GeV]

4

=

s=13 TeV, 36.1 fb”"

200 300

%, -2 xWE) > 2x VT,

Observed limit

= Expected limit (+104,,)
BB ATLAS 8 TeV arxiv:1403.5294

Il I’ Il
400 500 600
m; [GeV]

v/t
v

o

T T T
ATLAS Preliminary

s=13 TeV, 36.1 b

Observed limit
----- Expected limit (£1G,y,)
B ATLAS 8 Tev arxiv:1403.5204
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3-lepton analysis : overview ATLAS-CONEF-2017-039

m Event selection : W/Z-mediated decay SR
e W/Z-mediated decay

T .
10°E aT1aS  Prefiminary o Data
#+44 Total SM

V5= 13 TeV, 36.1 b

Events /20 GeV
3,

° mSFOS ~ mZ SR3-WZ-1Jb

o 6 SR binned in ET, m, =0 or > 1 jet

o /-mediated decay

omgpos = myz, BT > 130 GeV, mr > 110 GeV

0 5 SR binned in pf}a

Data/SM

0 50 100 150 200 250 300

m Background estimates :

e irreducible bkg :

T T
ATLAS Preliminary

V5=13TeV, 36.1 b

Events / 15 GeV/

o dominated by diboson WZ
SR3-slep-c.d.e

. . . . Higgs
— renormalise MC in dedicated control regions e (M )=(1000.600) GV
. . /4)=(800.600) GeV
with reverted mT cut

e reducible bkg:

o Z+jets, tf, Wt, WW events
with > 1 non-prompt lepton

Data/SM

— from data-driven fake factor method e % 70 —1
o [GeV)
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3-lepton analysis : interpretation ATLAS-CONF-2017-039

heavy sleptons light sleptons

v/l
/v

e BR = 1/6 for each {1 and ¥ flavour

omy=mg = (m)?o + m)?t)/2
1 1
WEMRZ T
s 500 ,Rg : v‘“‘ ‘)g%(‘ ‘)g‘ . zjzzaivh(v v),w'\Lqusz‘fu(v v;;{j
E imil = Observed | < 1200 T
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e E f1stev.soim T Expected limit (+10,,,) [0} r § ]
£ 400 |- 1571 TV, 96 o [ fraTov ser Expected imit (+10,,) 1
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2-tau analysis : overview arXiv:1708.07875

m final states with 7 experimentally more challenging than with e/, but well motivated :
e The lightest slepton is likely to be 71, with many models predicting m(7) ~ O(100) GeV
e light 7 can lead to a dark matter relic density consistent with cosmological observations

» consider simplified models similar to the 2-3 ¢ analysis with 77, V; mediated decay

m Event selection :

e di-T asymmetric in pT, or 27+ET trigger

e > 2 hadronic 7 OS

® My # My — reject Z+jets

e b-jets veto — reject events with t-quark

e 2 inclusive SRs which target low/high mass splitting
o low : Am(¥E, 7¥) < 200 GeV
o high : Am(%F, ¥0) > 200 Gev

— apply # cuts on ET, my, mg, p? , p?

A. Marzin (CERN) W with ATLAS September 3, 2017 11/18
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2-tau analysis : backgrounds arXiv:1708.07875

ZZ validation region
ZZ VR (ee or pp)
T

ATLAET T

Vs=13TeV, 36.1 fb*

e irreducible bkg :

+ Data §SM Total
. Diboson . Top Quark
. Z+jets W+jets

,,,,, Reference point 1
102 B e @ e Reference point 2

o dominated by diboson WW and ZZ — ttvy
o contributions from tf, Wt, Z+jets

Events / 10 GeV
g

— from MC, checked in validation regions

e reducible bkg : 10
o W+jets with 1 jet mis-identified as t
. s . 10"
— renormalise MC to data in control regions
=
o multi-jets with 2 jets mis-identified as t 2 TR RREREEERSSSSS.
. 8 o 80 100 120 140 160 180 200 220 240
— from data-driven ABCD method : C/B = D/A my, [GeV]
multijets validation region
Used for nominal VR-F (lowMass)
ABCD method E
Eqmiss, E FATLAS T 77 T i b N SM Total
M:“T: \ = 10* g Vs=13 TeV, 36.1 fb OMuttiets . wejets
AR(lr’,zr;) P W z+jets M Top Quark
’ T=CB & [ Diboson
CR-A SR-D E 102 - Reference point 1
Reference point 2
10

CR-B CR-C

Data/SM

R
50140 160 180
) miss

tau-id and charge ET*° [GeV]
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2-tau analysis : results arXiv:1708.07875
R - 2 W6 2 e ni
T T T T
S SR-Iowl\{Iass : : : _ § 450 ATLAS SR-highMass
8 25 —ATLAS § ¢ Data  NSMTotal “era00 - V5=13 TeV, 36.1 fbt Observed limit (+15325)
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4-lepton analysis : Overview ATLAS-CONF-2016-075

m Search for SUSY with R-parity violation :
o In RPV models, the LSP is unstable and decays to SM particles
e assume wino-like )?f NLSP, bino-like 52(1) LSP
e assume L violation with Ay, 1122 # 0 such that f{f decays to
etev, ptpvor e*pTv with BR=1/3

m Event selection :

o >4/ (e, p) with Z veto
o 2 SR with rer > 600, 900 GeV Pp in VR with meg < 600 GeV

I T
ATLAS Prehmlnary 0 Da(a 79Tota| sM
Vs=13TeV,13.3 " Reducible ZZ
4L, Z veto, m, < 600 GeV. miz mwz

m Background estimates :

Events/20 GeV

e irreducible bkg :

o dominated by ZZ, tf+Z and VVZ

o contributions from H, tWZ, ttWW, tftf and tft
e reducible bkg :

o 1 fake lepton: WZ, WWW, titW

— all taken from MC, and tested in validation
regions with low et

Data/SM

o 2 fake leptons : tf, Z+jets ////// Lz 7 // ///J%/J%

— from data-driven fake-factor method applied o =
in control region with loose leptons " [GeV]
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4-lepton analysis : results ATLAS-CONF-2016-075

m No excess above SM prediction observed

m SR with best expected sensitivity used to set limits for each signal point

m weaker limits for m(LSP) < m(NLSP) because the decay product of the LSP tend to be

collimated
5 S e R e ey PP = LT, > WEWE 7, = Ty
3 ATLAS  Preliminary 023:: o z;;ta\SM = L e s s
- i educible - PR R
8 A o e & 1200 — ATLAS Preliminary ]
= Higgs ww o b Vs=13 TeV, 13.3 fo"! ]
€ Others ~ --m(z. )= £ C i
g (900,400) GeV 1000  4lepton T i
w [ &= Observed limit (+15p20") i -
i
[ === Expected limit (+10,,,) ! 1
800 [— | ATLAS8TeV,20.3f0" \ —
L | i
[ Allimits at 95% CL i ]
L i ]
600 — ',' |
L ) i
b ]
|- ! -
/

400 [— ¥ —
= - |
14 L 4
s
& 200 — —

L ! ! . ]
200 400 600 800 1000 1200 1400 Q — .
500 600 700 800 900 1200

m, [GeV]
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Search for long-lived chargino : Overview

ATLAS-CONF-2017-017

ATLAS Simulation Préliminary
| | | |

J
P

® In the pMSSM, ~ 70% of models with wino-like LSP predicts nearly mass degeneracy between

)?f and )?(1), with T(ﬁ) ~0.15-0.25 ns and with soft 7t not reconstructed in the detector

= experimental signature is a disapearing track

® Analysis improved wrt 8 TeV analysis thanks to
the new innermost tracking layer installed for run 2

= can now use shorter tracks

m Event selection :
e ISR recoil : back-to-back jet+ET, lepton veto
e 1 isolated pixel tracklet with
o> 1 hit in each of the 4 pixel layers
o no SCT hit = disappearing condition

m Track reco efficiency of 5-10% for 7(x7) = 0.2 ns
— 10 x better than standard tracks

x10°
> iy
3 [Pl scT TRT Al
5 Tt e : 18 E
2 L £
= i 6=
% o8F £
c 0.
5% 1.4 g
13} L 1.2
2 0.6F 2
8% "5
o L ATLAS Simulation Preliminary g
S 0.4 0.8 ©
@ U4 — Fraction of chargino decays b
o 0.6
- (EW prod., m/: =400 GeV, r/: =0.2ns) it 5
0.2 * Pixel tracklets 04 T
s Standard tracks i
L 0.2 W
ok . DGl | . o
0 400 600 800 1000

Decay radius [mm]
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Search for long-lived chargino : results ATLAS-CONF-2017-017

m Backgrounds :

e tf and W+jets events with a fake tracklet from : s }: \‘ : ]/
o multiple-scattering, hadronic interactions § ) g %: 3 -{
o leptons bremsstrahlung './ I
o fake tracklet from a random combination of hits v g ¥ 3
X L L
a L L o Y A
— extract bkg track pT templates from data and ] * / / N~
normalize them in a simultaneous fit of the pT
spectrum
2 SEATIAS Py o]
= L0g e 2 e 2 0 ¥ |, of Js=18Tev, 36110
2 F ‘ r ‘ S 10°EEW production
SN Y = 4 ~2[ High ET™ region
ar 10
2 10
1
041
031
0.2F

-3
ATLAS Preliminary _| 10

2 !I)O GeV, 0.20 ns) |
J5=13TeV, 36.1 fb* | o o
——— Observed 95% CL limit (+1 0,0, ) m 15 1.

0.04 [ +eenes Expected 95% CL limit (1 0, ) 1 - 2 A Te L]

0.03 ATLAS (8 TeV, 20.3 fb™, EW prod.. ) « i) Y +

002, © ... Theory (Phys. Lett. B721 252 (2013)) © 0.5 1

| | [ ALEPH (Phys. Lett, B533 223 (2002)) o o | IR Ll Ll
A R P A N B
001706200 300 400 500 600 _ 700 30 100 200 1000 10000

mg. [GeV] Tracklet p_ [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2017-017

Conclusion

m ATLAS has an extensive search program to cover all signatures of EW SUSY

» no excess above SM expectations so far

May 2017 ATLAS Preliminary ~ {5=8,13 TeV, 20.3-36.1 fb*

—

> -
1 : . Q L === Expected limits = Observed limits All limits at 95% CL

»> Set limits on various models:  (n r -

=200 R — v /¥ 2|, ATLAS-CONF-2017-039, arXiv:1403.5294

— —— via 1/ ¥ 21, arxiv:1509.07152

%

— Via ¢L/ 9, 21, ATLAS-CONF-2017-035, arXiv:1407.0350

—— via WW  2l, arXiv:1403.5294

o light sleptons = C -
g p £1000— %5?; —— via [/ ¥ 21+3), ATLAS-CONF-2017-039, arxiv:1509.07152
. r —— via WZ  21+3), ATLAS-CONF-2017-039, arXiv:1403.5294
— Exclude m(x7) <1150 GeV r via Wh  Ibb+lyy+F+3], arxiv:1501.07110
800%%&2 via ¥/ ¥, 21, ATLAS-CONF-2017-035
— Exclude m(£) < 500 GeV H %’Qg —viaT, 34, arXiv:1509.07152

600 —my, g p=05mg+mp g e

o heavy sleptons
400
— Exclude m(x7) < 580 GeV

200

‘ 8C‘JO‘ ‘ ‘10‘00‘ ‘ ‘1260
m( ¥, %0, X)) [GeV]

— More results to come soon
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General strategy for SUSY searches

Standard Model processes

Irreducible backgrounds

dominant processes:

Renormalize MC to data in control regions

hd

1t proc

Use pure MC predictions

Reducible backgrounds

Fake Et miss: multijets, Z+jets
Fake lepton(s)
Lepton charge misID

Use pure data-driven estimates

v

v

Validation regions

Validate the background estimates with data before unblinding the signal regions

Signal regions
Optimized for SUSY discovery using kinematic & topological variables

ETmiss, effective mass, transverse mass, number of leptons, jets, b-jets, etc...

W strategy for early run 2 analyses with 2015 data :

» optimise the signal regions for discovery

» keep the analyses simple and robust : cut & count analyses

Simultaneous fit
of all CR and SR

» define overlapping signal regions, and select the one with the best expected
sensitivity to set exclusion limits on SUSY models




Irreducible backgrounds : semi data-driven technique

m Principle : renormalize MC in control regions kinematically close to the signal region
m Define CRs by reverting cuts on 1 or 2 variables we believe are more reliably modelled by MC

» more robust against potential MC mis-modelling of critical variables
» systematic uncertainties correlated between CR and SR largely cancel out

B compromise between low systematics and statistical uncertainties

® The extrapolation from the CR is validated in intermediate validation regions

o~
)
Q
t  validation Signal .
2 region region > A SyStemahC
i<
©
©
[0
o
C
5 .
statistics
Control validation T signal
region region contamination
Variable 1 Closeness to signal region
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Overview of the ATLAS SUSY results

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary

May 2017 V5=7,8,13TeV
Model emTy Jets EP [rannm™ V5=7,8Tev [NEETITEV] Reference
VsUGRACMSSM 03eui2r 210j3b Yos 203 1OV miami) 150705525
i 26jels  Yes 361 <200 GoV. (1 gen -2 g ) ATLAS CONF-2017-022
an. a«M ,;cemruessed) monojel  13jels  Yes 32 @) mieh<5: 160407773
B T onmw s S
a’( e 0 26jels  Yes 361 mii})<200GeV, miF’ ATLAS-CONF 2017022
3 vt sen 4 - e miE})<400Ge ATLAS.CONF-2017-
2 2agWZE) 7A1jels Yes 361 mif}) <400GeV. ATLAS-CONF 2017033
E GMSB (7 NLSP) 1274016 O2jets  Yes 32 1607.05979
G 2y S Yes 32 cHOLSPI0.1mm 160600150
Y 1 Yes 203 |k 137 Tev E1)<050 GV, crNLSP)<0.1mm. <0 1507 05453
= o v zies e 133 (€680 eV, cr(NLSP}<0.1 . -0 ATLAS-CONF-2016.068
Gam (hggsno NLSP) 2eu) 20l Yes 203 900 Gev mNLSP)- 43006 150303290
Gravtino LsP 0 monojel ves 203 865 Gev G L8 X 10 oV mipm)=1.5ToV Tsczos1a
0 3 ves a1 i <s00cev ATLAS CONF 2017021
Otew  3b Yes 361 miEh 2000V ATLAS.CONF-2017-021
01 e 3b Yes 201 m(£})<300 GeV 1407.0600
2b Yes 361 m(E})<420 GeV ATLAS-CONF-2017-038
2o rss) Ta b . es7o0cev mia0Gat i mro0Gey ATLAS CONF-2017-020
Ves 47133 |7 770 Gov I 200720 GoVI ey oo 1200.2102, ATLAS. CONF-2016.077
o: z o2 ye'\sll 2 Ves 203361 [ 90108 GeV! [ 205050 GAY 150500615 ATLAS-CONF.2017.020
onojel  Yes 32 sy Te0so777a
s " e 209 150600 GoV. i 150G0v 1a0aso22
3eu@ 16 Yes 361 Y mith-0ce ATLAS.CONF-2017-018
T2en  4n e 301 . mo800ev = ATLAS CONF-2017-018
Zew 0 ves 61 RS ConF 2017030
2eu 0 Yes 31 i) ATAS CONF 2017030
21 S e aed ot i ATLAS.CONF-2017-005
se s 301 oSt ATLAS CONF-2017-008
23eu  02jls Yes 61 ATLAS CONF-2017-039
W bWy RY 020 Yes 208 Tsoro7in
WL Dl e o ves 203 e 1405 5086
Soiwronlsp ek 0 1oy © e 202 150705453
GG (bino NLSP) weak prod.. © s 23 150705453
n.s,,p W et Yes 361 n ATLAS-CONF 2017017
dEaxk - Yes 184 hersm 505,053
K 0 isiets ves 279 00 G 105181510005 Tetosses
2 s B 1606.05120
g' Metastable ¢ R-hadron dEfdx trk - - 32 00 GeV, r>10ns. 1604.04520
8 GMSB, stae . H—1e. scte. ) 12 - - e 14116795
= GMSB, 1! #!—yG, long- hved){‘.’ k4 - Yes 203 1<r(¥))<3 ns, SPS8 model 1409.5542
Rl eevfenvfuy displ. ee/en/u - - 203 7 <crif)< 740 mm, m(z)=1.3TeV 1504.05162
GGM g, K\ 26 displ. vix + jets - - 20.3 6 <crii)< 480 mm, m(z)=1.1 TeV. 1504.05162
Y X enlerin e - a2 [ER—T Too7os070
CM SS 2en(SS)  03h Yes 203 m(g)=m(F), crisp<t mm 14042500
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