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Production cross sections
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O Charginos and neutralinos
are expected to be light

L~ _in natural SUSY scenarios

O sleptons could be lighter
than squarks

O Electroweak production of
SUSY could dominate the
SUSY cross section if the
mass of squarks
(1¢t/2"d generation) and
gluinos is larger than that
of the electroweakinos by
a factor 2to 5
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Electroweakino and Slepton production

— Search strategy
.
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Final states include leptons, bottom quarks initiated jet and

hadronic taus.
Optimization done using simpified models and pMSSM models
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Electroweakino and Slepton production

— SM backgrounds
I

The backgrounds can be divided to two types:

Reducible - Processes containing non- * Irreducible - (events containing real
prompt leptons or conversions/light and isolated leptons)
quarks/gluons misidentified as leptons).

LPC-SUSY-NEF 2013 Ofir Gabizon (Weizmann Institute of Science)  11/10/2013



Electroweakino and Slepton production

— background estimation
s

Irreducible:
L NLO MC

U Generally normalize to data in control regions

Reducible background Estimated using data driven method:

O In the “matrix method” one expresses the number of events with real and fake leptons in
the signal region in terms of the efficiency and fake rate kinematics, type, process

O ‘weighting method’ (rescaling the yield of a fake-dominated sample of loosely identified
leptons by the probability the loose lepton be identified as a tight lepton; probabilities
depend on fake object kinematics, type, process)

O In the “ABCD method” the signal region yield is obtained by extrapolating the yields from
control regions using two variables that are approximately independent.
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Variables for background rejection
6

Each search is carried out in a number of signal regions. Each signal region is defined
by an event selection based on various observables.

The transverse mass mr is defined as the § 1wk ATLAS Preliminary pne
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Variables used for background rejection
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ATLAS-CONF-2013-049

search for charginos and sleptons - overview

L 5 different signal regions using OS electons/muons leptons tageting decay through sleptons and gauge bosons

O WW, tt and WZ from normalization to CR and reducible background from matrix method

SR-H?TQ.QO SR-IHTE.I 10 SR-WWa SR-WWhb SR-WWc¢
lepton flavour ete utpL et e~

i — > 35 GeV

pe — > 20 GeV

Mgy Z veto < 80 GeV | < 130 GeV —
PT.ct — >70GeV | <170 GeV | < 190 GeV
Acpgs — < 1.8 rad

Ee > 40 GeV > 70 GeV —
mT2 > 90 GeV | > 110 GeV — > 90 GeV \ > 100 GeV

SR-im12.90 ete e*ut W all
Observed 15 19 19 33
Backeround total 16b6+£23 207+32 224+33 | 597+73
SR-mt2.110 ete eI i all
Observed 4 5 4 13
Backeround total 6.1+22 44420 63424 | 169+60
SR-WWa SR-WWb  SR-WWe¢
Observed 123 16 9
Background total 1179+ 146 13.6+23 74+15
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ATLAS-CONF-2013-049

search for charginos and sleptons - results
I

miss, el

ee ndets=0, Zveto, E_ >4D GeV
S e s RS A BN LR LA > EpARANSnes
8 . [ ATLASPreliminary ~ Tior#iz ] 8 o[ ATLASPreliminary  Tloriiz | 8 iy ATLASprimnay & oo
T [|Ld-208m" 1s=8Tev ] = :J.Ld1=2043fb",\kBTeV ] S 0 J-Ldt'2°3fb 1s=8 TeV Etziﬁeﬁt
E r : Observed limit (+1 5USY) b E L ~= Observed limit (+1cpu57) ] < Cozv
200 I . Expected limit (+ O i . ¢ 200 [— = Expex_:ted limit (£ 0,,5) =1 o 10* [[] Fake leptons
[ e LEP i, excluded 8 [ M LEP [, excluded ] F C_Higgs
[ At limits at 95% CL ] p ~ o [ AMImis at 98% CL s 10° ©77 Bkg. Uncert.
L ] f__é.. v G b fff(mlmx] (251,10) GeV
150—_ \/ __ - N i 102 ---(mx mx} (350,0) GeV
[ &7 ] P < . ]
13 1 B 4
L&r 1 » N P ]
100 =/ ] .
] ¢ ]
50 . 50 =
] i ] =
N LTI PRI el el LSRR L e
100 150 200 250 300 350 - £
m() (GeV] e S o
(o] 20 40 60 80 100 120 140 160 180 200
my, [GeV]
I e B I IS IS By
(] - PR .
O, s00 (- ATLAS Preliminary G S —
& :J-Ldt=203fb" e ol P ] 3 ATLAS Prellminary
E [ besved Kk (2169%) // 3 b = Observed limit (1 3oy )
400 |- 2222 Expected limit (+ o - [}
B ATLAS 7TeV ex / ] c -~ Expected limit (1 o,,,) m(T’) = 0 GeV v
- mm LEP2 7, (103.5GeV) // e o 10 1 —
C Nlllrr.\ltsats.')“/:CL o ] g r \s =8 TeV: JLdl=20.3|b" ] )20
300_—i:i‘—>2xivﬁl)—y2xivx/ 7] o L 1
[ my-my \ ] o r v9
L mom, =05 \?‘5)\/ 4 R X1
200 " % g =} )
r 1 v
100~ . e |
L | i i I: I N B N N B B R
0 e e 100 120 140 160 180 200 220 240
0 100 200 300 400 500
m(z;) [GeV] m(x *) [GeV]
1

LPC-SUSY-NEF 2013 Ofir Gabizon (Weizmann Institute of Science)  11/10/2013



ATLAS-CONF-2013-035

Search for charginos and neutralinos- overview

0 6 different signal regions using 3 leptons targeting decay through sleptons and gauge bosons

O Irreducible background from MC and reducible background from matrix method

Selection SRnoZa  SRnoZb SRnoZ¢ SRZa SRZb SRZ¢

msros [GeV] <60  60-81.2 <8l2o0r>101.2f 81.2-101.2 812-101.2 81.2-101.2

E%“‘“ |GeV] >350) >75 >T5 75-120 15-120 >120

my [GeV] - - >110 <110 >110 >110

T 3 01GeV] | >10 >10 >30 >10 >10 >10

SR veto SRnoZc  SRnoZc - - - -

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc
Tri-boson 1.7+ 1.7 0.6 0.6 0.8+0.8 05+05 04+04 0.29+0.29
4 14 +8 1.8+1.0 0.25+0.17 89+1.8 1.0+£0.4 0.39+0.28
ttV 0.23+0.23 021+0.19 0217937 04+£04 022+021 0.10£0.10
wZz 50+9 20+ 4 2.1+1.6 235435 19+5 50+1.4
¥ SM irreducible 65+ 12 22 +4 3.4+ 1.8 245135 20+ 5 58+1.4
SM reducible 31+ 14 7+5 1.0+ 0.4 4+ 1.7 +0.7 0.5+0.4
~ SM 96 + 19 29 + 6 44+1.8 249+35 22+5 6.3+1.5
Data 101 32 5 273 23 6
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ATLAS-CONF-2013-035

Search for charginos and neutralinos- results
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ATLAS-CONF-2013-028

Search for charginos and neutralinos -
overview

U Two signal region requiring OS

hadronic taus

0 Reducible background estimated with
“ABCD method” using tau id and mr,
as independent variables

Signal region

requ irements

OS mm

at least 1 OS tau pair
jet veto
Z-veto
EMiss> 40 GeV
mrr> 90 GeV

OS mT2-nobjet

at least 1 OS tau pair
b-jet veto
Z-veto
Emiss> 40 GeV
mr>> 100 GeV

LPC-SUSY-NEF 2013 Ofir Gabizon (Weizmann Institute of Science)

SM process SR OS mm SR OS m; -nobjet
top 0.2+05+0.1 .6+£08+1.2
Z+jets 0.28 £0.26 £ 0.23 04+£03+0.3
diboson 22+£05+£05 25+05+09
multi-jet & W+jets | 84 +2.6+ 1.4 12+3+3
SM total [1.0+2.7+1.5 17+4+3
data 6 14
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ATLAS-CONF-2013-028

Search for charginos and neutralinos-results
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ATLAS-CONF-2013-093

Search for charginos and neutralinos- overview

O Two signal regions requiring one lepton and two b-tagged jets

Two signal regions SRA and SRB have in
common the following requirements:
o E7™$>100GeV

* Mecr > 160GeV
* Mpp > 160GeV

SRA SRB
Number of b-tagged jets 2 2
mt (GeV) 100130 > 130

Background estimated with a maximum
likelihood fit using the yields in the control and
signal region and the MC transfer factors as
input, keeping the overall normalization of the

W-+jets and tt backgrounds as free
parameters. This is done across 8 bins in My

LPC-SUSY-NEF 2013 Ofir Gabizon (Weizmann Institute of Science)

SRAh SRBh
Observed events 4 2
Background estimate
1t 29+28 1.0+ 0.6
W +jets 0.7+0.4 0.3+0.2
Single top 1.6+1.3 0.6 +£04
Z+jets 0.01+002 0.0070.01
Diboson (VV) u_mjgfg% D.Uﬁfgfgz
WH 0.18+0.10 0.12 +0.07
1t+V 0.01 £0.01 0.11 £0.06
Total 54 +3.1 2.1+£07
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ATLAS-CONF-2013-093

Search for charginos and neutralinos- results
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ATLAS-CONF-2013-036
Search for Supersymmetry with 4 leptons or more-

overview

O 3 different signal regions using 4 leptons and 2 using 3 leptons and 1 tau

: p
SR N(f=e,u) N(r) ZCandidate E7*[GeV] me[GeV]  Scenario -=-- 4. X!
SROnoZa >4 >0  extended veto =50 RPC 7
SROnoZb >4 >0  extended veto >75 or  >600 RPV J-- <’ X5
SR1noZ =3 >1  extended veto >100 or >400 RPV P .
SROZ >4 >0 request >75 GGM ¢
SRIZ =3 >1 request >100 GGM
Sample SROnoZa SROnoZb SR 1noZ SROZ SR1Z
L7 0605 050x026 0.19x0.05 1.2+04 049 +0.10
ZWW 0.12x0.12 008 x£0.08 0.05x0.05 0606 0.13x+0.13
oA 073 +£0.34 075035 0.16x+0.12 2309 0.29+0.24
Higgs 0.26 +0.07 022007 023+0.06 058=+0.15 0.14 +£0.05
Irreducible Bkg. 1.7 £ 0.8 1.6x0.6 0.62x0.21 48x1.8 1.1 04
Reducible Bkg. 0+p-16 0.05+p12 1.4+ 1.3 0+3-14 0.3+19
Total Bkg. 1.7 +0.8 1.6 +0.6 2.0+ 1.3 4.8+ 1.8 1.3+19
Data 2 1 4 8 3
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ATLAS-CONF-2013-036
Search for Supersymmetry with 4 leptons or more-

results

17

> HL L B N L B R B
3 10'- ATLAS Prehmmary —e— Data —=
o = ) 454 Total SM E
B = |Ldt=20.7fb" \s=8TeV [ Reducible Bkg. 3
W B | — 4 7
£ 10 [ | 2\',%33 =
Q = - =
o o . iz ]
- |SRomnoza L RPC 010 vA(230.45) ]
102 E > Wino X,,,# 0 (600,400)
= Gluino A,,,# 0 (1100,600)
10
1
10"
2F E
& 1.5E E
o 7 ——
o0 oo B o sF _ %
. PP — X, X, —fi’; F‘E - X, (s % i a 05 2 I E
~yl TT T T[T T T T[T ToT FILIP LU L R N B B B B B B B = L . L =
> - ' ' T : A % 50 100 150 200 250 300 P o N o o s
5. B !/  ATLAS Preliminary ] £ (Gev] S R T T e e e e T
o - B © - B
g% 70 K ILdt= 20.7 6" \s=B8TeV ~ — O, 70— ATLAS Preliminary
e [ / - me . £ [ Ldt=20.7f6" \s=8 TeV |
€ ef m = (M, + mye )2 - 2 60 [ mys - My = 5 GeV =
E Z_ Observed limit (+155"5") E E M '__'_n".’=8° GeV . E
N a N — Observed limit (+10525Y) |
50 N 2 2 Expected limit (+1a,,,) -] 50 - -
- - L sl SRS Expected limit (+10c,,,) .
- All limits at 95% CL - t- -
40 :_ __: 40 __ Al limits at 95% CL _—
30 :— —': 30 E ]
oy 3 _ ]
—cd .| = <}
20 — 20 |- -
SN I B NP AT I AP Y . il il e L
100 150 200 250 300 350 400 450 500 100 150 200 250 300 350 400 450 500
m.o eV] meo [GeV]
1

LPC-SUSY-NEF 2013 Ofir Gabizon (Weizmann Institute of Science)  11/10/2013



Other searches

Searches for electroweak production of
long lived particles are covered in Andy
Haas talk :

Disappearing tracks: long-lived chargino
CERN-PH-EP-2013-155 (Submitted to PRD)

Long-lived slepton (stau) search-

ATLAS-CONF-2013-058
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Currents Limits on electroweakino and slepton production

ATLAS Preliminary Linl =20.3-20.7 fo,1s=8 TeV Status: SUSY 2013
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Limits on 3 fli from all analyses described above. For comparison, the limits on direct left

handed slepton production is shown. As one can see, The limits on )'ZS )'Zli are stronger due
to the higher cross section
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Future sensitivity

Moving to 14 TeV after the shutdown
with eventually higher integrated
Luminosity will increase sensitivity
drastically, as can be seen in the following

projection.
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Future sensitivity for
)ZS )Zli production
decaying through
gauge bosons.
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Conclusions

A review of recent ATLAS results on searches for direct EW
production of electroweakinos and sleptons is presented — no
significant excess above SM predictions is found.

Limits on electroweakino masses when decay through sleptons
are typically between 400-600GeV

Limits on electroweakino masses when decay through staus or
gauge bosons are typically between 350-400GeV

Limits on electroweakino masses when decay through higgs and
gauge bosons are typically 280GeV
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