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SUSY

Proposes a New fields :
symmetry differing in spin Solves hierarchy problem
between by %2 with Provides dark matter candidate*
fermions and respect to their L .
bosons SM partners Unification of gauge coupling constants
The Standard Model Supersymmetry

Sfermions Charginos (X :t)
and ~0
neutralinos (X )
are mass
eigenstates of the
super-partners of
SM gauge fields.

Force carriers

Sleptons

R-Parity
Conserving
models =>

*LSP

Mass generation

In nature, we expect low fine tuning —> masses of higgsinos, stops and gluinos must be light
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SUSY:: Motivation

Cross-section of production of SUSY particles

O, pbl: pp = SUSY

VS =8 TeV

dq

ot
[j =1

000 800 1000 1200 1400 1600
m [GeV]

avcrage

From all SUSY particles
that can originate from the
p-p collisions,
electroweakino production

can be a promising
discovery mode at the
LHC if we assume natural
SUSY.

~1 ~(
X1 X2
In particular,
pairs decay into final
states with three leptons
and missing energy

This makes for a clean
SUSY signature.
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SUSY:: Simplified Models

. ™ Simulate one * Minimal particle  *>Assumptions - The relevant particle masses =
" process only. content on the BR. are the only free parameters .
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEREN
Mediated via sleptons v/ NEW v, T

(/v

We explore four
simplified models
wibere the X7 and
X o are the only
directly produced
SUSY particles,
these are classified Mediated via Wh. /
according to the
iIntermediate
particles in the
decay chain:




The ATLAS detector:: The data

CHALLENGES
Delivered Data

High levels of pile-up
T Tt come with higher
ATLAS Online Luminosity luminosity.

2010pp\Ns=7TeV 45 ppt
= 2011pp\Ns=7TeV 5§ 3fpt
= 2012pp\s=8TeV 20 .3 fphL
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3L analysis:: Event Selection

* Select event with exactly 3 leptons (e, {4, T).

* Exploring three different tau multiplicities in the final state

* OTau+3(e,mu)
* 1Tau+2(e,mu)
« 2Tau+l(e,mu)

* Veto events containing b-tagged jets.

* Require high missing transverse energy .




3L analysis:: Background Estimation

We want to estimate the Standard Model
background in dedicated regions.

“‘Real”, prompt

+ Leptons
Originate from

W/Z/h decays Irreducible
Background

“Fake” leptons
~* b or c quark decays
— Conversion from
Reducible hoton radiation
Background ~ Mis-identified jets

Total SM background

Processes with at Processes with at

least 3 real leptons

least_one fake lepton/tau \@
@ Using MC Data driven N\




[http://arxiv.org/abs/1402.7029]
3L analysis:: Validation Regions**

Events / 20 GeV

Data/SM

Thorough validation of
the modelling of our
main backgrounds WZ,
ttbar, W/Z+jets using

We estimate the Standard Model
background in dedicated regions:

these VR
O I L L L B B R
10°E" amLas VROtZa  =e= Daia = Excellent
— » 444 Total SM -
b e [rat-20am o 1 agreement seen
3 — 5| between data and
. T ] expectation
10 | Higgs ?E
VVV .
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m; [GeV]
9 *more details
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3L analysis:: Signal regions**

Tau —— 0 tau 1 tau 2 tau
multiplicity AN
4 A / : \ Ve A\ ~
SR SROTa SRO7b SR1T SR21a SR27b
Binned SR ) ;
20 bins: New Signal Regions
5 mSFOS
2mT _ - ;
2 missingET >=0 Taus (including a SFOS veto)
SUSY M,WZ—mediated W h-mediated W h-mediated 71, -mediated W h-mediated

Scenario

MSFOS:= mass of a pair of light
leptons with opposite charge and
same flavour closest to the Z

Five signal regions targeting different scenarios T transverse mass of the third

lepton (not part of SFOS) and
missingET coming from the W.

10 **more details
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3L analysis:: Results: Otaus+3(e,mu)

Events

E = I I I I I I I I I I I I I I I T I I I 3
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= 4 L— % Total SM Higgs —
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[http://arxiv.org/abs/1402.7029]
3L analysis:: Results: 2taus+1le,mu (top) 1tau+2e,mu (bottom)
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3L analysis:: Statistical combination

We interpret these results in

5 pMSSM models*
and
4 simplified models*

By statistically combining all orthogonal
signal regions (choosing between SR2a and
SR2bh).

13 *more detalils
US :
University of Sussex In the baCkup
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3L analysis:: Latest Results

Improved limits
Via WZ
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Simplified Models

New limits
Via Wh
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Summary*

A search for direct production of gauginos in 3 lepton final state
with 20.3 fb-1 of all the 8 TeV data has been presented.

First ATLAS
SUSY paper
including SM
higgs decays

New and improved sensitivity for many different SUSY scenarios

*

US

University of Sussex

Inclusion of hadronic taus in the final state
SR re-optimisation in 3(e,mu)+0tau channels
- Binned approach

- SFOS veto.

Interpretation in new models.

No significant deviation from SM observed

Exclusion limits were set on 9 models:

5 pPMSSM and 4 simplified models

ATLAS Preliminary  20.3-20.7 fo™!, ys=8 TeV  Status: Moriond 2014
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€ 500 — pp—>;ﬁig, viat/ V., 27, ATLAS-CONF-2013-028
L — PP X, viaT/ v, 27, ATLAS-CONF-2013-028
- — pp—)if%g, via WZ, 2e/u+3l, arxiv:1403.5294
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reference

World-leading limits set on mass of charginos and neutralinos

Paper accepted by JHEP.

15 *more details
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CombinedSummaryPlots/SUSY/ATLAS_SUSY_EWSummary/ATLAS_SUSY_EWSummary_201403.png
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3L analysis::

We estimate the Standard Model
background in dedicated regions:

Validation Regions

N(¢)  N(7) Flavour/sign Z boson ER'®® N(b-tagged jets) ( !arget process 2
VROTnoZa 3 0 (e, et o mgros & mgy veto 35-50 - WZ*, Z*Z*, Z* +jets
VROTZa 3 0 ete—e, ot ¢ request 35-50 - W Z, Z+jets
VROTnoZb |3 0 etee, ot e msros & map veto > 50 1 tf
VROTZb 3 0 ¢te—e, ete ¢ request > 50 1 WZ
VROTb 3 0 ¢te—e, ete ¢ binned binned 1 WZ, tt

3

VR1ra 1 0T T T FTF - 35-50 - WZ, Z+jets
VR17b 1 rEFeF, r 0T F - > 50 tt
VR2ra 1 2 7T/ - 35-50 - W +jets, Z+jets
VR21b 1 2 Tl — > 50 tt

VRO:= 0 taus
VR1:=1 tau
VR2:= 2 taus

US

University of Sussex

“a” regions:
low missing ET
“b” regions:

High missing ET
Request 1 b-jet

17

Thorough
validation of the
modelling of our
main
backgrounds
WZ, ttbar,
W/Z+jets using
these VR



3L analysis::

Background Modelling

Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Sample VROTnoZa VROTZa VROTnoZb VROTZb VRlTa VR17tb VR2ra VR271b
wZz 91 + 12 471+47 105758 58 £ 7 14.6 £ 1.9 1.99 + 0.35 14.373°% 1.9 4 0.4
zz 19 + 4 48+7 0624012  2.6+0.4 1767029 0.138£0.028) | 1.8+0.4  0.12+0.04
tiV + tZ 3.2+ 1.0 10.1+22 9.5 + 3.1 18+ 4 0.9+ 0.9 2.8+ 1.3 1.0+ 0.7 1.7+ 0.7
VvV 19419 07+0.7 0357035  0.18+0.18 | 0.4+0.4 0.08+0.08 | [ 0.12+0.12  0.067007
Higgs 2.74+1.3 27+1.5 1.5+1.0  0.71+0.29| [0.57+0.34 0.5 4 0.5 0.6+ 0.4 0.5+ 0.5
Reducible 731720 261 + 70 a7t 19+ 5 T1+9 22.7 + 2.8 63079, 1627%
Total SM 191122 794 + 86 69715 98 4 10 89130 28.2 + 3.2 64819 16619
Data 228 792 79 110 82 & 26 656 158
% 10¢ A1|-LAS|' T L I I I LN % . '|"'|"'|"'|"'|"'|"'l"'|"'|g
0] VRO<Za == Data (0] 10 ATLAS VROtnoZb =e= Data
8 oD e JLdt=20.3 o’ 77 Toa s ] \s=8 TeV Jl dt=203 10" 77 Toal s, 3
@ mwz I ) mwz N
& . 2 g ° o zz E
i - 3 - - Excellent
o 10 + E agreement seen
1 A between data and
1 -
- expectation
107 1071%_| | | 1 1
= 2F = 2F E
O 1sf | ; D BEpd 7 -
g n:: 2 ry » %5 3 (' ’T' // % 1: Y, 7, 42 /l/ 9% ; b 2=
'S 2 N 0-2; ; ] 3 18
lE 20 40 60 80 100 120 140 160 18! 60 80 100 120 140 160 180 200 220 240

University of Sussex

WZ modelling validated

m; [

ttbar modelling validated

ET™® [GeV]




3L analysis::

Signal regions

0 tau 1 tau 2 tau
AN A AL
' N / \ Ve N
SR SROra SROTb SR1t SR2Ta SR27b
Flavour /sign 0re—¢, 4ro—¢ (EpErF TEOFLF, 7E0FOF 77l Ttr—¢
b-tagged jet veto veto veto veto veto
Erlfﬁss binned > 50 > 50 > 50 > 60
Other msros binned | | p3 ¢ > 20 p2 > 30 mmax > 100 S pro>110
mr binned Apmig <1.0 > ph > 70 70 < mrr < 120
myr < 120

Mee Z veto

Target model

University of Sussex

/ W Z-mediated

**20 bins:
5 mSFOS
2mT

2 missingET

W h-mediated

W h-mediated

New Signal Regions

71 -mediated

19

W h-mediated

*more details
in the backup



3L analysis:: Signal regions

5 mSFOS 2mT 2 MET
bins bins bins
TOTAL OF 20 BINS B
SRO7a bin MIFOS mr ERes 30 Z veto
1 12-40 0-80 50-90 no
SR SRO7a — 2 12-40 0-80 > 90 no
Flavour /sign 0re—¢, 4ro—¢ i g_ig i :8 5[:;‘2 no
b-tagged jet veto o
Eruiss binned 5 40-60 0-80  50-75 yes
. 6 40-60 0-80 > 75 no
Other msros binned 7 40-60 >80  50-135 no
mT binned 8 40-60 >80  >135 no
9 60-81.2 0-80 50-75 yes
10 60-81.2 >80  50-75 no
Target model | ¢, W Z-mediated | 11 60-81.2 0-110 > 75 no
12 60-81.2 > 110 > 75 no
13 81.2-101.2 0-110  50-90 yes
14 81.2-101.2 0-110 > 90 no
15 81.2-101.2 >110 50-135 no
16 81.2-101.2 >110 > 135 no
17 >101.2 0-180  50-210 no
Binned Signal 18 >101.2  >180 50-210 no
Region 19 >101.2 0-120 > 210 no
I 20 >101.2 > 120 > 210 no

US

University of Sussex



3L analysis:: Systematics

Dominant systematic uncertainties in all signal
regions generally statistical and from theory

Theoretical uncertainties

/

/ SROra  SRO7b SRIr SR27a  SR27b
Cross-section 4-25% 37% 9% 3.1% 3.0%
(GGenerator 2% 0 3T/ 6% < 1%
Statistics on irreducible background 8% 5% 5% 3.1%
Statistics on reducible background 14% 8% 13% @
Electron misidentification probability 3—10% 1.3% < 1% = = |
Muon misidentification probability 0.1-24% 2.2% < 1% - -

—~ — 8% 4% 5%

7 misidentification probability

\

From data-driven method

21



3L analysis::

Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Observed events in SR

Overall, good
agreement with
predicted SM

background
Sample SRO7a-bin01  SRO7a-bin02 SROra-bin03  SRO7a-bin04 SRO7a-bin05 SRO07a-bin06
Wz 13.273-2 3.0+1.4 78+ 1.6 45711 6.3 4 1.6 3.7+ 1.6
ZZ 14799 0124006  0.40+£0.14  0.2040.18 1.54+0.5 0.251011
ttV +tZ 0144005  0.07£0.04 0.0470°05 0144013  0.11+£0.08  0.047790553
VvV 0.3340.33  0.10£0.10  0.19+0.19 0.6 + 0.6 0.267027 0.24 +0.24
Higgs 0.66 +0.26  0.154+0.08  0.64 4 0.22 0.46101% 0.3670 13 0.337015
Reducible 6.7 +2.4 0.8 +0.4 16707 2.7+ 1.0 4313 2.0+ 0.8
Total SM 42+1.5 10.6 + 1.8 857 1¢ 12.9733
Data 5 9 9 11

Uncertainties are statistical and systematic.

University of Sussex
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1-2 sigma
upward
fluctuations



3L analysis:: Observed events in SR

Irreducible background estimated with MC.
Reducible background estimated with data-driven method.

Sample SROTa-bin07  SRO7a-bin08  SRO7a-bin09 SRO7a-binl0

Overall, good
agreement with
predicted SM
background

SR0O7a-binll SROra-binl2

WZ 7.6+ 1.3 0.30703, 16.2732 13.1722 19 +4 3.7+ 1.2
77 0.55701% 0.01270-098 1.4370-32 0.6070 1% 0.7+ 1.2 0.14 4 0.09
v +tZ  0.0470703 0.1219-13 0.1670:99 0124010 0417753 0.12 4 0.11
VVV 0.9+ 0.9 0.137013 0.237023 0.4+ 0.4 0.6 & 0.6 0.6 & 0.6
Higgs 0.987020 0.13+£0.06  0.3240.11 0.2219-10 0.28+0.12  0.1240.06
Reducible 4.0t} 0.4019-3% 41173 19792 57138 0.9797
Total SM  14.1+2.2 1.140.4 224136 16.4 4 2.8 27+ 5 5515
Data 15 1 28 24 29 8

Uncertainties are statistical and systematic.

23
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3L analysis:: Observed events in SR

Irreducible background estimated with MC.

Reducible background estimated with data-driven method.

Overall, good
agreement with
predicted SM

background
Sample SROTa-bin13 SROTa-binl4 SROta-binl5  SRO7a-binl6  SRO7a-binl7  SRO7a-binl8
+33 +12 +1.6 +7
WZ 613 + 65 207132 58112 3.9707% 5017 2.3+ 1.3
+1.1 +0.08 +0.7
77 29 + 4 55+ 1.5 35775 0.127 5 05 2.470% 0.08 + 0.04
HV +1Z2 29797 2010 0677929 0.08%910 0.8+ 0.5 0.1579 18
VvV 1.3+ 1.3 0.8 +0.8 1.0+ 1.0 0.33 4 0.33 3.243.2 0.5+0.5
Higgs 2.2 +0.7 0.98 £+ 0.20 0.31+£0.11  0.0334+0.018  0.95+0.29 0.05 £ 0.04
Reducible 687715 2.2+39 1.2 4+ 0.6 0.1470-2° 11.3%33 0.27 +0.20
Total SM 7154 70 219 + 33 65 + 13 46717 6973 34414
Data 714 214 63 3 60 1
Uncertainties are statistical and systematic.
24

University of Sussex



3L analysis::

Irreducible background estimated with MC.

Observed events in SR

Reducible background estimated with data-driven method.

Overall, good
agreement with
predicted SM

background
Sample SROTa-binl9 SRO7Ta-bin20 SRO7b SR17 SR27a SR27b
Wz 0.9 £ 0.4 0.12 +£0.11 0.68 4 0.20 4.6 £0.6 1517952 2.0910-39
Z7 0.021+0.019  0.009 +0.009 | 0.028 £0.009  0.36 £0.08  0.04970015  0.135 +£0.025
ttV +tZ  0.00237000%2  0.01270055 0.1710-92 0.16101% 0.2179-27 0.0237001%
VVV 0.08 £ 0.08 0.07F00% 1.0 + 1.0 0.5+ 0.5 0.094+0.09  0.031 +0.033
Higgs 0.007 £0.006  0.0009 +0.0004 | 0.49 +0.17 0.284+0.12  0.021+0.010  0.08 4 0.04
Reducible 0.17F9-18 0.0879- 14 1.5 4+ 0.4 43408 5.1+0.7 4.940.7
Total SM 1.2 + 0.4 0.297913 3.84 1.2 10.3 4 1.2 6.9+ 0.8 7.2707
Data 0 0 3 13 6 )

Uncertainties are statistical and systematic.

University of Sussex
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3L analysis:: Latest Results

Simplified Models

Statistical combination of SR0a, SR0Ob, SR1SS, SR2a

Improved limits

Via WZ
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Via Sleptons
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3L analysis:: Latest Results

Simplified Models

Statistical combination of 3L (SR0Oa, SROb, SR1SS, SR2a) + 2L
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3L analysis:: Latest Results Simplified Models

NEW Limits " Via Wh
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SUSY:: phenomenological MSSM

Assumptions: Gaugino mixing

_ SU(1) gaugino mass: M,
— h° higgs mass tuned to 125 GeV
SU(2) gaugino mass: M,

- R-slepton masses setto m; = (Mg + my)/2

Higgsino mass: |

pPMSSM includes many

sparticles with different Decays via Sleptons(R)
masses and many
decay modes +°’ = Lowtan B (6)
= M,=100/140/250 GeV
The analysis
here explores five - Lowtan B (10) ¥

PMSSM models \ «  M,=50 GeV

Decays via Staus(R)

. O
=  Hightan B (50) <
- M,=75GeV 29
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3L analysis:: Latest Results PMSSM

M, = 100 GeV, tan B = 6, m(~ ) = [m(%") + m(%o)]/2 Statistical combination of SR0a, SROb, SR1SS, SR2a
1 2
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3L analysis::

Latest Results

PMSSM
M, =140 GeV, tan =6, m(l)=[m(F)+mX V2  Statistical combination of SROa, SROb, SR1SS, SR2a
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3L analysis::

Latest Results

Statistical combination of SR0a, SROb, SR1SS, SR2a

PMSSM

Decays via sleptons(R)
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3L analysis:: Latest Results PMSSM

=75 GeV, tan B=50, m(T,) =[m(X,)+mX )2  Statistical combination of SROa, SROb, SR1SS, SR2a
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3L analysis::

Latest Results

M, =50 GeV, tan =10

PMSSM

Statistical combination of SR0a, SR0b, SR1SS, SR2b
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