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Searches for charginos, neutralinos and sleptons
I

Most searches for
Supersymmetry in LHC
Run 2 so far for gluinos
and squarks (including
stop/sbottom)

——38 TeV
------ 13-14 TeV

Cross Section [pb]

a‘. . Ya, . "i—,'

1 1 e, U | | | ey 1 P 1 1 1 |
500 1000 1500 2000 2500
rIII1|:>.:|rliu:|-: [GE‘I'II]

Searches for charginos, neutralinos and sleptons challenging:
e Lower cross section (compared to gluino/squark production),
o Compressed final states for Higgsino signatures,
o Complex mixing structure.

Relatively light higgsinos/charginos/neutralinos well motivated by naturalness.
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Typical production modes

B
Superpartners of W70, p i p X0
h/H, H”- and A° mix to
charginos and neutralinos

— cross sections and » ~
decay properties X2 p X7
determined by mass and Wino: 45 fb Wino: 22 fb
o o o o o INO: INO:
Higgsino/Wino/Bino fraction Higgsino: 11 fb Higgsino: 6 fb
(500 GeV particles)

p (

Ss Superpartners of leptons — sleptons
S ~ 0.5 fb (left-handed) @ 500 GeV
p ¢

In comparison tt pair production: 818 pb
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Possible decay modes

v/l
Gl

B

Decays of charginos/neutralinos/sleptons often studied in multi-
lepton signatures + E_™:

— 2,3 or 4 leptons
— rather clean signatures

e Main backgrounds:
e Irreducible: mainly diboson production, sometimes tt (+ X)

— estimation using control and validation regions
e Reducible: fakes = data-driven background estimation

« Often suppression of top backgrounds by (b-tagged) jet veto
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2 or 3 leptons

I
Three categories:

e 2leptons + 0 jets
— direct or indirect production of sleptons

e 2leptons +>= 2 jets
— chargino/neutralino decays mediated by
gauge bosons

e 3leptons
— chargino/neutralino pair production

Separation (depending on channel) via

: (1 £2 _ miss i
= min |max (mr(p7, qr), mr(P, PT - — qr) miss
m_=mi T TPt , M, ET » P,
(third lepton)
> g1 ——— 77— 7 1 g5 > L P B R B
3 ATLAS + paa s 3 ATLAS st Tatal M
o {S=13TeV,36.1 fb" 44464 Total SM 7 10 10° £ Vs= 13 TeV, 36.1 fo” —“;
- 10° B 7+ jets —= ~ SR3-slep-c.d
~ SR2-SF-loose E > slep-c,d,e VVV
P - VY E 2 5 v
S BN Top - g 10 — Higgs
2 Reducibl it
& 107 Peducible = Reducible
S~ m(’) = (400,1) GeV ] e, T e M/ x;1,)=(1000,600) Gev
10 m#) = (500,1) GeV 1 e ML/ 1,%;)=(800,600) GeV | =
1 Fusnnuunn I-I-I-I-'-I-I-I-I-:
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2 or 3 leptons

B [arXiv:1803.02762]
Y L 10 amas | ¥baa | fomsu
No significant excess seen. 8 U F My mw mw
= oo
Signal regions fitted simultaneously to el mwe mworjamiwa [sen

derive limits.

e Limits on sleptons reaching up to 500 GeV.

 Limits on charginos/neutralinos with gauge- g 2E / R
. . = Ozz//,y/,,///'// o ///// 2 // > //// Z, 3
mediated decays reaching up to 580 GeV. LA R 7
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4 |leptons -

Lightest neutralino decaying to SM
particles in RPV scenarios — potentially
high lepton multiplicity in final state
— high lepton multiplicity also in
certain RPC scenarios P

p

e >=4|eptons, 0 - 2 hadronically decaying taus

« 6 different SRs to gain optimal sensitivity to
different models

« Cuttingonm__or ETmiss and veto or

requirement on Z bosons

e Main backgrounds: 7Z, ttZ and fakes
© Tev ' ZTotal - 8 F ATLAS ¢ Data Wiz 3 3 ATLAS ¢ Data Wiz
8 ygpf o713 TeV,361fb7 ZTotal SM [ Higgs 8 L 's=13TeV, 361" ZTotal SM [[Higgs ] o 10°E \s=13TeV,36.1fb" %Total SM [ Higgs
2 4L, Z-veto Reducible = VVV i~ E 3L1T, Z-veto Reducible VWV E 2 4,77 Reducible VWV
s mzz . Other 3 E mzz Other g 10° mzz Other
w10 o e RPV Wino &;,,#0 R RPV Wino A,#0 E w o e GGM 2Z m(¥,) = 400 GeV
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10 -
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7 e SR § "j . 1 é E
10" ....... 107 % o ) ' .............
AT P T I 77 e lj...|...|..|...|‘.H.|...|.
= F ] = E| s £
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4 |leptons

B [arXiv:1804.03602]
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Final states with taus

. [Eur. Phys. J. C 78 (2018) 154]

Search for chargino/neutralino production with decays
via staus or tau sneutrinos to the lightest neutralino

— taus in the final state

vy [T
T/vr

=0
X1
— light staus as NLSP could predict the right amount of relic
DM density in coannihilation channel X1
. /v,
Event selection for two SRs: /v,
e >=two hadronical decaying taus, B-veto, Z-veto
o M_,E™, p_of taus
SR-highMass f%g — TVIT(VV), TVIT(VV) — WZ? 'c'r(vv)%? ifxf —2X7Tv(VT) > 2 % wi?
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2 Dfliitsson W Top Quar - 500 [~ 1 om ATLAS 8 TeV, 20.3 fb' (Observed)_]
) i - I S ~ ]
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Higgsinos searches

BN
Naturalness arguments require light higgsinos with similar masses.

Scenario 1 Scenario 2: Scenario 3:
GMSB higgsino NLSP higgsino LSP ultra-compressed higgsino LSP
DA
g W*/Z* — undetected fermions W*Z* — leptons W*/Z* = undetected fermions
Am i % Am % wl
HT tewGev $ v v i:] ~few GeV i ¥ i:] ~3g{)& Vev- ¢ : %
h/2Z
. 4 G
b
P h/z ,L b
H .- G
i f/g o ’
p . b
N, -
hh/hZ/ZZ +MET soft £+¢- + jet(s) + MET disappearing track

[B. Hooberman, SUSY17]
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Higgsino searches with 4b

Final state with 4 b-jets
— key to separate from high hadronic background

2 different sets of SRs: >= 4 jets of which >= 3 b-jets
+E miss
.
— low mass, targeting low p with low E ™
— high mass, targeting high u with high ET’”"SS

ATLAS Preliminary = NLO+NLL HH prod. = 1o

= Observed limit
B
Vs=13 TeV, 24.3-36.1 fo - - Expected limit

—_
o
S
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= +1
ﬂ T T T T T T T 103 - + 2(:5
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[JZ+jets [ Diboson
[ Multijet
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Compressed higgsinos/sleptons

I [Phys. Rev. D 97 (2018) 052010]
. . . . % 0-3_"'|"'|"'|"'"'"'|'~"|"'|"'|"'|"'_
Significant lower invariant mass m, for Q[ Amassmuaion FiGo SC@NLO - adsein) 3
. . . Il ; 0.25—V{s=13TeV =====ee m(;z‘;) x m(zf)<o (EPJC 52, 743) —
models with higgsinos 2 E =100, 60) Gev 5 (Gs aGONLO + asssi)
. o o > [ _
— analysis requiring extremely low & 02 ]
energetic leptons and low m, § o015 =
— using electrons down top, =4.5GeVand & E
muons down to p_=4 GeVand m =1 GeV - .
. . 0.05— .
— huge progress in reconstruction of low - .
energetic leptons R B S TV R T B VR T T o
m, [GeV]
S [ amas  4oms  roisgeos
E?) 10 Vs=13TeV, 36.1 fo' 3 Total SM -E(ib_;’:g;jets
; » SRit-m, Fake/nonprompt Others
g 10 = === F:m@, %) = (105, 100) GeV
L|>J = === H:m@, %) = (110, 100) GeV
10 N Tooss ) +
Two searches: i T
« Direct production of higgsinos using m, o B F TE B
« Direct production of sleptons using m_, > 20 17 1T T T s
= 1Al e *
g \$ ® . N
. . . 0|\||\‘
— key is estimation of fake backgrounds! 0O 10 20 30 40 50 60
m, [GeV]
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Compressed higgsinos/sleptons

B [Phys. Rev. D 97 (2018) 052010]
No significant excess seen. & F &t st e Retomierones
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od 5
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Disappearing tracks
B

Long-lived chargino decaying
to invisible + pion
— disappearing track

Addition of IBL in LS1
allowed reconstruction of
smaller minimal track
lengths down to 12 cm

— pixel-only tracklets March 201
. ;' 50 B 2¢ lcompressed, ar)l(iv:1712.081 19, Im(,\'/g) =m(x?) +|2Am(321t, W) _:
j 8 Disappearing track, PHYS-PUB-2017-019, m(x3) = m(x9)
Pt LEP2 {7 excluded
p 6?— 20 B | == Theoretical prediction for pure Higgsino N
~0 = 1oL - _
X1 Hr
< 5k .
0 g -
-+ X7 < 5 .-~ ATLAS Preliminary
p M N N J/5=13TeV, 36.1 fo!
A 1L PP — W7, BT, K17 i (Higgsino) |
+ B Al limits at 95% CL
T - —_— served limits
05 L - S:pectedd Ilimitts B
Old LEP IImItS pa rtla”y 02 ; » IllI.I*'l"I’*T*—I*f|~1I1nr<-jl.l,,l_,-l,ﬁ,l_,l,,l,_l_,TE_:
superseded first time at LHC. 80 100 120 140 160 180 200




Summary

I
March 2018 ATLAS Preliminary  ¥s=8,13 TeV, 20.3-36.1 i
[ - B T | T T T ‘ T T T ‘ T T T I T T T ‘ T T T ‘
® Sta rtl n g to h a rve St th e res u Its Of %J L - - Expected limits Observed limits All limits at 95% CL
h h . (-2-1 500 X via §/¥ 2l arXiv:1803.02762, arXiv:1408.5294
searcnes for C arg|nOS’ ?’“‘_ i ——via LV 2 anivisoao7isz
. t in LHC WL e manviscase o
*?g ——via I/ ¥ 214+3l, arXiv: I , arXiv: .
neUtraIInOS and Slep Ons In E1000 T T/ 7 21431, arXiv:1803.02762, arXiv:1509.07152
B —— via WZ 2l compressed, arXiv:1712.08119
Ru n 2 B via WZ 21431, arXiv:1803.02762, arXiv:1403.5294
° 800 C via Wh  Ibb+lyy+IT +3l, arXiv:1501.07110
L XXl 73 via %/ ¥, 2, arXiv:1708.07875

via Ty 31+4l, arXiv:1509.07152

No significant excess seen yet. 600

e First time exceeding long- 400
standing LEP limits in certain s00
scenarios. £ At
0 ' —800 1000 1200

All results available at: (%, 7% 10 ) [GeV]

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Backup
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Summary

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

December 2017 Vs=7,8,13TeV
Model &7,y Jets ET [Laim™ Mass limit V5=7,8TeV | \5=13TeV Reference
T . T —— T T T r —
3%, Gt 0 26jets Yes  36.1 m(#2)<200 GeV, m(1* gen. §)=m(2™ gen. §) 1712.02332
” G—q¥) (compressed) mono-jet  1-3jets  Yes  36.1 m(g)-m(E7)<5 GeV 1711.03301
2 —qat] 0 26jets  Yes  36.1 m(P2)<200GeV 1712.02332
% G—qg¥i 5qgqWEr) 0 2-6jets  Yes  36.1 m(¥})<200 GeV, m(¥*)=0.5(m(¥})+m(z)) 1712.02332
(i} —qq(et) ee, 2jets  Yes 147 m(E)<300GeV, 1611.05791
o F-aq(ee/ vt 3epn 4jets - 36.1 m&))=0 GeV 1706.03731
% 28, gquwzﬁ) 0 7-1jets  Yes  36.1 m(&)) <400 GeV 1708.02794
=) GMSB (£ NLSP) 127+0-1¢ 0-2jets  Yes 3.2 1607.05979
£ GGM (bino NLSP) 2y - Yes  36.1 ¢r(NLSP)<0.1 mm ATLAS-CONF-2017-080
GGM (higgsino-bino NLSP) ¥ 2jets  Yes  36.1 m(#)=1700 GeV, cr(NLSP)<0.1 mm, u>0) ATLAS-CONF-2017-080
Gravitino LSP 0 mono-jet  Yes 203 m(G)>1.8 x 107 eV, m(z)=m(g)=1.5TeV' 1502.01518
§, B sz z-obbk) 0 3b Yes  36.1 m(E?)<600 GeV 1711.01901
BN Ea 28, g0t} 0-1eu 3b Yes  36.1 m(9)<200 GeV 1711.01901
Bb1b1, by—b¥) 0 25 Yes  36.1 mer?)<420 GeV 1708.09266
L8 bbbttt 26,u(SS)  1b Yes  36.1 mEP2)<200 GeV, m(¥:)= m(¥?)+100 GeV 1706.03731
§ S A, hobtT 02e,pu 12b  Yes 4.7/13.3 M) = 2m(r), m(i?)=56 GeV 1209.2102, ATLAS-CONF-2016-077
g'g 7, i > Wb, or i) 0-2¢,u 0-2jets/1-2b Yes 20.3/36.1 med)=1 Gev 1506.08616, 1709.04183, 1711.11520
€8 ih,G Sl 0 mono-et  Yes  36.1 m(F;)-m(?})=5 GeV 1711.03301
ST 7 (natural GMSB) 2e,u(2) 15 Yes 203 m(E)>150 GeV 1403.5222
BD hhhoh+Z 3e,u(2) 1b Yes  36.1 m(E))=0 GeV 1706.03986
b, h—h +h 1-2epu 4b Yes  36.1 m(&))=0 GeV 1706.03986
Turlg, —E0) 2e,u 0 Yes  36.1 m(Ed)=0 ATLAS-CONF-2017-039
JRT, X —Ev(En) 2ep 0 Yes  36.1 m(E})=0, m(Z, %)=0.5(m(¥} )+m(¥}) ATLAS-CONF-2017-039
X 103, X —7v(aw), Bamtr(vi) 27 - Yes  36.1 mEE2)=0, m(, 7)=0.5(m(¥: )+m(¥2)) 1708.07875
> g {z{%%ngthi(gfv), EVLEGY) 3epu 0 Yes  36.1 mwf)=m¢¥3)_. m(,\/?)fo, m(Z,7)=0.5(m(¥;)+m(E})) ATLAS-CONF-2017-039
oS WA ZE 2-3eu  0O-2jets  Yes  36.1 m(¥5)=m(E3), m(¥?)=0, & decoupled ATLAS-CONF-2017-039
E )(gXé)—»gW(?hXD h—>bb/WW/tt/yy eny 026 Yes 203 M )=mE3), m(¥3)=0, £ decoupled 1501.07110
XXz, X3 —BrE dep 0 Yes 203 m(E3)=m(¥3), m(¥3)=0, m(Z, 7)=0.5(m(¥3)+m(¥3)) 1405.5086
GGM (wino NLSP) weak prod., ¥ —»yG 1 e.u+7 - Yes 203 |w [TA15:370 GeV! cr<imm 1507.05493
GGM (bino NLSP) weak prod., ¥ —yG 27 - Yes  36.1 cr<tmm ATLAS-CONF-2017-080
Direct ¥1 X7 prod., long-lived ¥1 Disapp. trk 1 jet Yes  36.1 m(EE)-m(73)~160 MeV, 7(¥5)=0.2 ns 1712.02118
Direct ¥1 X7 prod., long-lived ¥1 dE/dx trk - Yes 184 meEE)-m(7})~160 MeV, 7(¥5)<15 ns 1506.05332
B o Stable, stopped g R-hadron 0 1-5jets  Yes 279 m(¥?)=100 GeV, 10 us<7(2)<1000 s 1310.6584
> O Stable g R-hadron trk - - 3.2 1606.05129
E,.g Metastable g R-hadron dE/dx trk - - 3.2 m(¥2)=100 GeV, 7>10 ns 1604.04520
S 8 Metastable g R-hadron, F-qgt) displ. vtx - Yes 3238 7(§)=0.17 ns, m(%}) = 100 GeV 1710.04901
a GMSB, stable 7, 117z, fi)+1(e, 1) 1-2pu - - 19.1 10<tanB<50 1411.6795
GMSB, ¥]—yG, long-lived £7 2y - Yes  20.3 1<r(@)<3 ns, SPS8 model 1409.5542
38, Veev/epv/upy displ. ee/ep/pp - - 20.3 7 <ct(#)< 740 mm, m(z)=1.3 TeV 1504.05162
LFV pp—¥: + X, Vr—ep/et/ut et ,ut - - 3.2 2311011, d132133/233=0.07 1607.08079
Bilinear RPV CMSSM 2e,u(SS) 03b Yes 203 m(g)=m(g), crzsp<1 mm 1404.2500
T, WS 2~ eev, epv, ppv dep - Yes 133 MEP)>400GeV, A0 (k = 1,2) ATLAS-CONF-2016-075
S XL X oW > trve, etve e+t - Yes  20.3 ME2)>0.2xm(FE), A3 %0 14055086
% 28, 3-a%0, 20 - qqq 0 45large-Rjets - 36.1 m(#})=1075 GeV SUSY-2016-22
28, G100, X2 — qqq 1eu 810jets/0-4b - 36.1 mE)= 1 TeV, diyp#0 1704.08493
28, g—-ht, iobs 1e,u 8-10jets/0-4b - 36.1 m(f)= 1 TeV, A33#0 1704.08493
[, fi—bs 0 2jets+2b - 36.7 14805610 GeV 1710.07171
A, fiobt 2epu 2b - 361 |# . 04145TeV BR(f, —be/u)>20% 1710.05544
Other Scalar charm, é—cty 0 2¢ Yes 203 : m(E9)<200 GeV 1501.01325
*Only a selection of the available mass limits on new states or 1 * * ! —
phénomena is shown. Many of the limits are based on 10 1 Mass scale [TeV]

simplified models, c.f. refs. for the assumptions made.



2 or 3 leptons - background estimation

[arXiv:1803.02762]

Background estimation summary
Channel 2(+0jets 2(+jets 3
Fake /non-prompt leptons Matrix method Fake-factor method
tt + Wt CR MC Fake-factor method
Vv CR MC CR (WZ-only)
Z+jets MC v+jet template | Fake-factor method
Higgs/ VV'V / top+V MC
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4 leptons - detailed results
B

Sample SROA SROB SROC SROD SR1 SR2
Observed 13 2 47 10 8 2
SM Total ~ 10.2 + 2.1 1.31 £ 0.24 37 £ 9 4.1 £ 07 49 £ 1.6 23 £ 038
zz 27 £07 033 £ 0.10 28 + 9 0.84 £ 034 035 £ 0.09 033 = 008
174 25 £ 06 047 £0.13 32 £ 04 162023 054011 031 £ 008
Higgs 12+12 013013 09 +08 028=x025 05=x05 0.32 + 0.32
144% 079+ 0.17 022 £ 005 27 06 064 =014 018 =004 020 = 0.06
Reducible 2.4 + 1.4 0.000*5-905 0.9+ 0.23+03% 3.1+ 15 L1 £ 07
Other 0.53+ 0.06 0.165 £ 0.018 0.85 = 0.19 045 = 0.10 0.181£0.022 0.055 + 0.012
(e)3 fb 0.32 0.14 0.87 0.36 0.28 0.13
. 12 4.9 31 13 10 4.6
95 36 1.6 8 2.1 35 2.0
Sens 9.3:3¢ 3.948 23+% 6.12] 6.5 4.7439
CL, 0.76 0.74 0.83 0.99 0.86 0.47
Ps=0 0.23 0.25 0.15 0.011 0.13 0.61
z 0.75 0.69 1.0 2.3 1.2 0

Table 8: Expected and observed yields for 36.1 fb~! in the signal regions. “Other” is the sum of the tWZ, tWW,
and tftf backgrounds. Statistical and systematic uncertainties are included. Also shown are the model-independent
limits calculated from the signal region observations; the 95% CL upper limit on (a) the visible cross section times

efficiency ((eo)

95
obx

95

). (b) the observed number of signal events(S 2;1_}, and (c) the signal events given the expected

number of background events (5 ;,. +1o variations of the expected number) calculated by performing pseudo-
experiments for each signal region. The last two rows report (d) the CL; value for the background-only hypothesis,
and finally (e) the one-sided pg-value and the local significance Z (the number of equivalent Gaussian standard

deviations).
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4 leptons - which SRs are used
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Supersymmetric models

I
BR

100% o

(':l,’ g’ ¢

(u,d, c,

0%
Usually only —— @& q,Wi
look at a :
specific decay X
chain )
—q % X1
W:F
= ¥y
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Distinguish signal from background

Use kinematic variables to

discriminate signal from _
background. SM (background)

Erigger threshold

Most analyses try to use simple “signal region”
combination of cuts on kinematic SUSY
variables — ' cut-and-count', but also
more and more shape analyses or
analyses using more sophisticated
techniques, e.g. machine learnin P = > pr o PEFET
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Essential to estimate the backgrounds
I

e Reducible backgrounds: backgrounds with
another final state in comparison to the
Signa' reducible

 Irreducible backgrounds: backgrounds
show the same final state as the signal

Standard Model
Top, multijets

vV, VWV, VYWV, Higgs
& combinations of these

Combined fit of Reducible backgrounds Irreducible backgrounds
Egc';(eggr]::: daS":n d Determined from data Dominant sources: normalise
incl. systematic Backgrounds and methods MC in data control regions
exp. and theor. depend on analyses Subdominant sources: MC
uncertainties as

;g'rﬂgfers Validation

Validation regions used to

cross check SM predictions
with data

s blinded
Signal regions
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