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Outline

Overview of recent electro-weakino searches with ATLAS
* Analysis based on Vs = 8 TeV of 20.3 fb! from Run-1 of the LHC

1. Explored experimentally challenging SUSY scenarios
2. Interpretations of Run-1 searches in phenomenological models

Relevant papers:
« EW summary paper: Phys. Rev. D 93, 052002 (2016)
* GGM Interpretations: CONF note to appear

All results available via ATLAS SUSY summary twiki:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Motivation
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https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections  arXiv:1206.2892
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Motivation

LPCC SUSY ¢ WG
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https://twiki.cern.ch/twiki/pin/view/LHCPhysics/SUSYCrossSections  arXiv:1206.2892

v
Electroweak SUSY
v Small cross section but distinct leptonic signature
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— Topic of todays talk!
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Simplified SUSY scenarios

Simplified models

* Masses and decay modes are the only free parameters
* Assumed 100% BR of sparticles

7T with taus _

! ~:
/ \
~< ~<1
—O -0

-Di-hadronic tau
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Simplified SUSY scenarios

n>r-»

Simplified models
* Masses and decay modes are the only free parameters
* Assumed 100% BR of sparticles
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Simplified models
* Masses and decay modes are the only free parameters
* Assumed 100% BR of sparticles
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Simplified models
* Masses and decay modes are the only free parameters
* Assumed 100% BR of sparticles
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- 2SS light leptons
Xi - Forward jets
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Standard Model background modelling

Several SM backgrounds mimic the SUSY signatures
* Single/di-/tri-bosons, top-quark(s) and multi-jet
* Need to understand and accurately model these backgrounds!

1. Irreducible backgrounds: MC simulation
— Sources of real, prompt leptons

— Control regions (CRs) used to normalize dominant contributions
— Shapes of kinematic variables taken from MC simulation

2. Reducible backgrounds: Data-driven estimate

— One or more fake, non-prompt leptons
— Non-prompt backgrounds estimated with the matrix method
— Multi-jet production estimated with the ABCD method

(Real leptons A ( Fake leptons )
prompt leptons coming HF/LF fakes from Conversion leptons
fromWsandZs jets from photon radiation

Y I*
ool jet >
” ) V\N< é/;’ “YL‘—Ll< ]0
V; |-
\_ / \_ )
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Outline

Overview of recent electro-weakino searches with ATLAS
* Analysis based on Vs = 8 TeV of 20.3 fb™! from Run-1 of the LHC

1. Explored experimentally challenging SUSY scenarios
2. Interpretations of Run-1 searches in phenomenological models

All results available via ATLAS SUSY summary twiki:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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OS ditau channel
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Di-hadronic tau final state, very challenging: b
e Difficult to trigger and separate from SM backgrounds
* Previous ATLAS results! not sensitive to stau production
p
Event selection:
* SR defined with a multivariate technique S10° amas | epma  ZTowsm
e Z-veto: reduce Z - 1T events %105 fe=oTev, 20 EE e =Zf:,z:::rka
* B-veto: reduce di-tau tt events Dipf 2emva - 00,0 cev ]

Background estimation: 10°
« W -1tv+ mis-identified tau & normalized in CRs 10°

* Diboson and top estimated using MC simulation 0 1 et ?
* Multi-jet background: data-driven ABCD method 1 7
b 7 = DYk
. . - = %@Mw et | -
Data consistent with background only predictions g-g;-é . / .
: -0.8 -0.6 -0.4 -0.2 0 0.2

BDT Score
[1] Phys. Rev. D90 (2014) 052001
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OS ditau channel: interpretation

Improved sensitivity compared previous ATLAS result?

v' Exclude one scenario where: m.;, = 109 GeV and Mo = 0 GeV

Simplified Model: 7, Ty, —> 2 x T,

~ T I o ' LI S T l T I T T I o I ™ Tr—=Tr—r I T™Tr=TrT ' ™Tr=Tr"T I T
210 ]
= —e— Observed 95% CL
) servec 557 ATLAS
= = Expected 95% CL ]
1 B NLO Theory (+10) Vs=8 TeV, 20.1 b -

m(;’{?)=40 GeV
P |

3 S el P T -1 .
LI L B L L B L B B B L L B B

m(i?)=60 GeV

102k

C o b by e by by N PR U NI S ST S U S R U SN N : PR IS S U U S ST S ST NN U N N : :
100 150 200 250 300 100 150 200 250 300 100 150 200 250 300
(1] Phys. Rev. D90 (2014) 052001 e [GeV] m, [GeV] m_ [GeV]
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OS dilepton channel

Improve previous 2-lepton results? for >~<1i — >~<(1) < 100 GeV

Event selection

* Exactly two oppositely-charged leptons with p; > 10 GeV
e Atleast one hard ISR jet = boosts the leptons
» Suppress top quark(s) background with b-jet veto

Data consistent with SM backgrounds only

Simplified Model: 7' %, =2 x T (¥) = 2 x lv;"{f

_LI TTT l L I TT 1T l LI l TTT17T l TTT1 7T ] L I UL l T IL
% 450 ATLAS ——— Observed limit (1 Gpoon)
S, 400 G=8Tev,20316" =77 Expected limit (+10,,)) 7
E"zx’ - m=(m +mgR T Observed limit 21, ]
o L. arXiv:1403.5294 i
350 [~ 5R2J-1 ]
» All limits at 95% CL 1
300 =
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Simplified Model: %, = 2 x V@) > 2 x v X,
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Improve previous 3-lepton results? for >28 — )2(1) < 20 GeV

Event selection

* Three leptons with muon (electron) 6(7) < p; < 30 GeV

* SRsto target ISR scenarios - jet with p; > 50 GeV
Background estimation:

* WZand ZZ estimated taken from MC - validated in VRs
* Reducible backgrounds: data driven matrix method

Data consistent with SM only predictions

S — ISR scenarios

> F =

8 T ATLAS D % Total SM - 1

© [ 's=8TeV, 2031 Reducible [llzz 1 [ |

10 > =

o F wz  Wloters 3 SR3¢-0a SR3£-0b SR3¢-1a SR3¢-1b

S C SR3L-0b " (m_.,m_)=(150,125) GeV]

o 10-_ —— ‘ ’ wz 0.59*93; 50713 0.54*939 1.6+ 0.4
% E 7z 0.2310%9  0.66+0.16 0.024+0.013  0.10*09
vy s o Reducible 2.8+13 9.7+31 0.09 +0.08 1.4+19

= % %4 Others 0.0033*39%3¢  0.07+0.05 0.013+0.010 0.038 +0.021
§ /4//// A ,? :
i — W ////% 7 Total SM 3.7+1¢ 15.4*33 067132 3.1+11

& o | Y o 7 % Data 4 15 1 3

K=  EA ‘

© f 1

Q 05f a2 A

%0 30 40 50 60 70 80 90 100 110120 [3] JHEP 1404 (2014) 169.

my, [GeV]
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Target compressed scenarios when one lepton is lost

Event selection:

 Two light leptons with same charge: e*e*, p*ut, or e*p*
* BDTs trained and optimized for )Zli — >~<(1) < 100 GeV
Background estimation:

* Charge flip (Z,tt, W*W-) estimated in Z->e*e*

e  W3*WH#, WZ and ZZ taken from MC simulation

Data consistent with SM only predictions

Simplified Model: % iﬁ STVIEWITUEY) =1y )'(:’ (v v) 2‘1’ 600 Simplified Model: % ;"(Z STYIEVITUEY) =1y if (v v) i“"
| gy T 1T T T 17T I T T 7T | L L l LU | L T ] |~y T T 17T I T T7 | T 1T I L | L I TTrIrT | T 1T l-
% 240 ATLAS Ve-8Tev,20310" | ] 3 ATLAS m; = +095m, -m.)
S = Observed limit (=1 o;‘.jf:/) 2 = C {528 TeV. 20.3 1" m. = m. N
g 220 [ === Expected imit (=10,,,) E g S00F L Opserved imit (+105%5Y)
—— Observed limit 3 arXiv:1402.7029 ] L Al limits at 95% CL = Expected limit (=1 o;:;w ]
200 [~ —— Observed limit 3! soft/ISR ] 400 — Observed limit 31 b
/2 . - Combined S5 MVA, 3 ——— Observed limit SSMVA 7
M~ = (Mo + M..) .
I X v ] 300 M~ =M. +0.95%(m_, - m.o)
1. 1 N 1 L X1 X, X1
r & ] - 1
140 - e . 200 -
- N Al limits at 95% CL 7 C i
120~ Combined SS MVA, - - ]
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100 P ]
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Explore highly compressed SUSY with VBF

* Smaller cross section than direct production

* Forward jets give distinct signature from the SM
Event Selection

e Exactly two same sign leptons

* Atleast two jets with m; > 350 GeV & |An;| > 1.6

Data consistent with SM only predictions

Simplified Model: 3 " jj = 2 xT v @ ) ji—= 2 x Iv ' j
g 12 [ T A’TILIAIS T I T 1T 17T | LI I UL | 1T 1T I ] 3103 '_(IrTIp| l [le( T Io le( %‘ |X‘I “( T 1 Ix | .Iv |(v‘l )Iul T T xI Iv Ix‘l JlI LI I T
° i ®Data #TotalSM | = F ATLAS — imi
*» i \E =8TeV, 20.3 fb -1 WW Charge Flip ] o) r =8 TeV 203" Observed limit
T 10F mwy Reducible | [ =t TONSSh T Expected limit (+10,,,)
u>_| - VBF FFjj + Emiss mzv M Others | | Alllimits at 95% CL - LO Theory =10
B T (m;.,mr;)=(110,75) GeV | 5 VBF
8- . (m_,m_)=(120,95) GeV | N
I o ] 102 m(x1) =110 GeV
6- ¢ ] - m_~=(m_ + m,)/2
i i r vl X X
- N 1 1
4 — — - .
: ] 10 -
2 _ g ]
7 : e :
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Outline

Overview of recent electro-weakino searches with ATLAS
* Analysis based on Vs = 8 TeV of 20.3 fb™! from Run-1 of the LHC

1. Explored experimentally challenging SUSY scenarios
2. Interpretations of Run-1 searches in phenomenological models

All results available via ATLAS SUSY summary twiki:
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
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Phenomenological MSSM

Re-interpretation in the context of a pMSSM
e sfermions, gluinos and CP-odd Higgs are decoupled

* Four dimensional parameter space: M, = 50 GeV, tan = 10

. 3000 TTrTT | TTTT I LILELL | LILLL | T I‘I TETTTT I T I'I | LU I
— M1 =50 GeV to satisfy dark matter s 2 .53 ) I3}

cosmological bounds; tanp= 10 S, S00E S A E
.. = | o B .
— Interpretation in M2 vs u plane 450 < ! =
o o .
*  Direct production of chargi d 400 2 E
irect production of charginos an L ATLAS :
neutralinos dominant 350F  s=8TeV, 203" E
- Combined 21, 31, Wh ]
— Decays through SM gauge bosons and the 300F ... Observed limit (=1 05%%") =
. . » TR — " “theory n
lightest higgs boson ssofl === Expected limit (1 o) x
h 2+ bb - — Observed limit 21, 3 arXiv:1403.5294 i
WZ - 28 or 38 Wh - 1€ + , XX, WW 200 LEP2 x: (103.5 GeV) I
(a) ¢ 150 . All limits at 95% CL g
p £ .
111 I 1111 I 1111 I 11 1) I 'Y 1 hedendd l L1l l 111 ll 7

100
100 150 200 250 300 350 400 450 500 3000
u [GeV]

p

JHEP 1405 (2014) 071 Eur. Phys. J. C75 (2015) 208.
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e Two-parameter NUHM model (NUHM?2)
Radiatively-driven Natural SUSY
* Low-level of electroweak fine-tuning, allows SM h and Z-boson ~0O(100) GeV
* Light higgsinos || ~ 100 — 300 GeV
e Squarks and gluinos all at the TeV-scale 500 oy y YUHM2: M g=5TeV.tanf=15,A,=-1.61Mom,=1TeV >0
. . . . . ;’ llllllllllllllllllllllll|Illl|llll|llll_
*  Production of heavier Wino-like gauginos 3 ATLAS (s=8TeV,2031b" 1
L . . ‘_"9_450 Combined 27, 31, 41
— Distinct multi-lepton signature E - ]
e . . .. 400 - 3
— Sensitivity with existing 2¢,3¢and4¢  TF N ]
EW searches! 350 -
=5000 GeV, Ay = - 8000 GeV, tanp = 15, p = 150 GeV, mp = 1000 GeV |~ - 300 o | T\\\ \_;
ot SO o B0 Gt anf 7 B TS0 G T 10008 _ ! 2 Xét ——— Observed limit (+105") !
e 50 ) Expected limit (+10,,,) E
e I LEP2 %° (103.5 GeV) .
m, —— Observed limit 21 B
3 :: “““““ 200 ——— Observed limit 31 -
o) g, — ’ —— Observed limit 47 ]
2 g, weeeee W,Z’s All limits atI95% CcL 3
g 150 .
H . LT \ 100
LI . : v el 100 150 200 250 300 350 400 450 500
107 : i -0 | u[GeV]
1 Xl 1

4(|)0 660 860 1600 12100 14100 16:00 1é00 2000
(@GeV) L
M2 T8 Compressed higgsinos

JHEP 1312 (2013) 013.
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Gauge mediated SUSY breaking model with SM Higgs mass constraint

Wino-higgsino electroweakino production
Decays via W,Z,h and photons; gravitino LSP

Z/h/~y Z/h/y

o T ¥ O |:| Gravitino + higgs
5 e X1

%, 1 4:_ |:’ Gravitino + Z

c “*I ATLAS Ssimulation Preliminary

= C

S 12F - Gravitino + photon

o C

m
(=

=

175 300 400 500 600 700 800

> M, [GeV]

Increasing M2
July 4, 2016

CLg Value

Hidden Sector
(SUSY Breaking)

Messenger
Sector

General Gauge Mediated (GGM) Model
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SUB)xSU(2)xU(1)

Flavour-blind
gauge interactions

Observable
Sector

_I T I UL l T 1T 171 I LI I T 177 I T 1 11 I L | l_
| GGM tanf=5 =150 GeV ATLAS Preliminary
10L 2y + 4l (s=8TeV,20.3fb" |
E """"" Expected Combined - Observed Combined A 20 WP2 ;
[ e Expected 27 = QObserved 2y i
- Expected 4l ~= Observed 4| oa -
1F 3
107'E E
1072 E
: tan B=5, u=150 GeV -

1 0—3 11 | 11 1 1 l 1 1 1 1 I 1 1 1 | | L1 11 I 1 1 1 1 I 1 1 1 | | 1

200 300 400 500 600 700 800
M, [GeV]
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General Gauge Mediated (GGM) Model

Gauge mediated SUSY breaking model with SM Higgs mass constraint

Wino-higgsino electroweakino production

Decays via W,Z,h and photons; gravitino LSP
» w
p
% a X1 G
e G X G
p p
w Z/h/v
] :|: [ Neutralino + cs
2 46F X % ‘[ Neutralino + ud
e 1 —/ meutra:!no +1TV
o 1.4 . . - [ Neutralino + pv
:g ATLAS Simulation Preliminary [ Neutralino + ev
% 1.2 @ Gravitino + W
@ 1
W

0.8
0.6
0.4
0.2

II]IIIIIIIIIIIIIIIIIlIllIIllII

175 300 400 500 600 700 800

>

. u [GeV]
Increasing n

CLg Value

Hidden Sector o A~ Messenger m Observable
(SUSY Breaking) Sector Flavour-blind Sector

gauge interactions

-
o

107

1072

1073

July 4, 2016 Matthew Gignac (UBC)

_Il|IIII|I|IlIlllllllllllllllllllll_

[ GGM tan=5 M, =150 GeV ATLAS Preliminary -

| 2y +2+3l \s=8TeV,203fb" |
E o Expected Combined = Observed Combined . 2¢WP2 §
T e Expected 27 —— Observed 2y .
- Expected 2| - Observed 2| O 2wWWa+3l —
= Expected 31 Observed 3| O 21 WWb « 31 -

T llll”l
11 IlIIIIl

;;;;;;

T Illllll
1 lIlIlII

1
|

tan B=5, M1 = 150 GeV

T lllllll
- IIlllIl

llll lllllll|Il|ll|lllllllllllllll
200 300 400 500 600 700 800
u [GeV]

21

n»r-=>»



UBC

)
i)

Conclusions

,

n»r—-»

ATLAS has a rich SUSY program to explore electroweak SUSY
* No evidence for electro-weak SUSY at 8 TeV
e Stay tuned for results at 13 TeV!

ATLAS {s=8 TeV, 20.3 fb™' . ATLAS s=8 TeV, 20.3 fb™
s‘ [~ 1 11 | L l L | L | 1 11 I L I 1 T 1 ] ;‘ B I : ~' ! | L ,,,I, ! | e | T | LI I | T T T | T I_
[0} | XX; —— via WW 2|, arXiv:1403.5294 - - - Expected limits _| [0} L XiX; ——via /¥ 2|, arXiv:1403.5294 - - - . Expected limits _|
g 250— — Observed limits —| g B ——via /¥ SR2i — Observed limits |
S [ % —— via Wz 21431, arXiv:1403.5294 Al limits at 95% CL 1 500 ——via /¥, =2 arXiv:1407.0350 Al limits at 95% CL -
=X . via Wh  Ibb+yy+F+31, arXiv:1501.07110 1 W B ) P
I B 1 E | XXs ——via T/7 SSMVA +31 softSR +3I M7 g5 =08Myg+mz) ]
200 N ] B via T/9, 2t+3l 1
B Q& SV & PN ] 400— . —
150~ b — - -
- e e . 3001 ]
1001 7 200 -
50_*‘ ' ] 100 ]
‘.-l 1.4 1 | - 1 l L1 1 1 [  — O | I | I l 11 1 1 Il I 141 1 i 1

00 150 200 250 300 350 4000 45C ‘POO 200 300 400 500 60(9 0 700

—~t e~ ~t —~

m(%., %)) [GeV] m(%. %0 % ) [GeV]
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Matrix method: overview %

Relates tight (T) and loose (L) leptons to real (R) and fake (F) objects

* In 38 events, leading lepton was shown to be real 99% of the time

* For 28 events, we have a 4x4 matrix
(Nrr) | €16 €1f2 fie ffz \ (Nrr)
Nrp || a(l-e&) (1 - f2) fil - &) (= f) | [Ngr
Nyt (1-e)e (1-e€)f (1-fe (1-1)f Nrr

n»r-=p»

Nepy) \(-e)l-e) (I-e)l-f) A-fi)1-&) (1-£)A-12)) Ner)

— €: probability a real lepton passes signal loose to tight selection
— f: probability a fake lepton passes signal loose to tight selection

— ¢€and f measured in MC close to SR, corrected by data-driven measurements of € and f
further from the SR

* Invert the matrix, solve for the number of fake leptons passing tight selection

NFrake—TT = €1f2 X Nrr + fiea X Nrr + f1f2 X NFrF

July 4, 2016 Matthew Gignac (UBC) 24



Triggers

Trigger pr threshold [ GeV] Analysis

Single T 150 . .

Double © 4025 Direct stau production
Single Isolated e 25 .o
Single Isolated 1 25 Compressed spectra £7¢~, 3¢

14,14 .o .

Double e 2510 Compressed spectra £*¢~, £5¢*,3¢

14,14 +pm "
Double u 18.10 Compressed spectra ¢, £+, 3¢
Triple e 2099 Compressed spectra 3¢
) 7,1,7
Triple u 195.5 Compressed spectra 3¢
14(e),10(w)
. 18(u),10(e)
Combined eu 9(e) 9(e) T(1) Compressed spectra 3¢
9(e),7(w),7()
E%‘iss 120 Chargino production via VBF

July 4, 2016

Matthew Gignac (UBC)

25

n>r-»



UBC

)
)

}
]

Combination 32 and 48 analyses

* Overall improved sensitivity

e Limits robust against slepton mass

Simplified Model: %z, — 2 x 1T, —2x 113,

;‘ 700 N L ] T 17 17 l L l L I T 1 17T I L l T L — 102
N e o susy . o)
8 - ATLAS —— Observed limit (+10,...) . a
‘_',.{ 500 - 1 ==== Expected limit (+10,,;) ] o}
g N Is=8 TeV,20.3 b — Observed limit 3/ 7 10
" Combined 31. 41 —— Observed limit 4/ arXiv:1405.5086 |
500 |— ' All limits at 95% CL —]
N mxj =my ] 1
400 |- N B
- & g ]
- ' R ] 10"
300 — -
N 7 102
200 — —
N 7 3
100 — 10
0 1 1 1 1 | 1 1 1 1 I 111l | 11 1 1 I 1 1 1 l 1 I: f 1 l— 10_4
100 200 300 400 500 600 700
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LZ:’S
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ATLAS me=xm,
\s=8TeV, 20.3fb" m@}) = 0 GeV
All limits at 95% CL Combined 31, 41
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Two-parameter NUHM model (NUHM?2)

»d — (m%{u + X% tan? 3 ,

tan? 8 — 1 Bk

NUHM2, my=5 TeV, Ay=-1.6m,, tanp=15, u=150 GeV, ma=1 TeV

NUHM2, mo=5 TeV, Ag=-1.6mq, tanB=15, u=150 GeV, ma=1 TeV
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Gauge-Mediated SUSY Breaking model

ner-»

Mechanism of SUSY breaking unknown

»  SUSY particle masses arise from couplings to the | Hadensector | | Messenger |SUS*SUSYN | gpeervapie
. (SUSY Breaking) Sector Flavour-blind Sector
messenger ﬁEldS ¢: gauge interactions
®
s . ™ GMSB: My5s=250 TeV, N=3, u>0, C__ =1
// GauganS \\ fermlon [col 60 T lllllll':;llllll TTTrTrrTT
I L 2S5 s Theory excl. r i
o y :
50 { :
* Parameters of the theory: )
— Messenger mass scale (M) 40 E
— Number of SU(5) messenger fields (Ns) - ATLAS i
. - -1 .
— SUSY-breaking mass scale (A) %0 [ fo=8TeV, 20310 B
— tanBand X al ]
: ............ observed |Imit :

: . . 20 =T (10 —
High A - EW production of sparticles - Exgeiad ik )
*  stau NLSP; gravtino LSP i Observed limit .

10 — 2 SSI3 1 +jets arXiv:1404.2500 ]
*  Final states with 2-4 tau-leptons L imits at 85% CL -
eg ® . . -I 111 I 11 11 I 1111 I 1111 I 1111 1111 I 111 ( I l‘l 1 I 111 I-
— Sensitivity with 48 EW search! 40 50 60 70 80 90 100 110 120 130
A [TeV]
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