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THE MINIMAL $VUSY PARTICLE SPECTRUM

The basic idea of the Minimal Supersymmetric Standard Model (MSSM) is the
addition to the SM of:

e aHiggs doublet
e aspin-half partner to every boson

®* aspin-zero partner to every fermion

The Figure shows the observable states of MSSM
particles.

Charginos )Z;_L (1 = 1,2) and neutralinos )Z? (1 =1,2,3,4) are mixed states of
electroweak boson partners and Higgs boson partners.
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S\ PRODUCTION AT EHC

We search for SUSY models, where sleptons, X" and Xare light, whereas
squarks and gluinos are heavy and out of reach.

Prospino NLO
10 \ ‘ Iy =i \ ‘ \ : \ ‘ \ [+ 4l e A ‘ el ‘ I \ ‘ P

SUSY produced via color
interactions is excluded for

o, [pb]: pp = SUSY

VS = 8 TeV masses O(1 TeV).

1k events within Neutralinos, charginos and
10 fb! et I sleptons can be directly
produced via Electroweak
(EW) production.

\ \\\HH:
| \\\HH:
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At 500 GeV within 10 fb'l, there should be:
40k gluino pairs, 1k stops, 50 X~ X" events.




ELECTROWEAK CHANNELS

Channel Analysis

X3 Xo production 3-leptons (21 fb-1, 8 TeV) new

X2X3 production 4-leptons (e, w, (v)) (21 fb1, 8 TeV) new

* PLB 718 (2013) 879

)ﬁtif and 5&5&3 production | 2-t (21 fb-1, 8 TeV) new [2-leptons (4.7 fb-1, 7 TeV)]*

ATLAS Online Luminosity

2010 pp \'s =7 TeV
== 2011 pp Vs =7 TeV
= 2012 pp \s =8 TeV

w
O

o About 21 fb! collected at vs= 8 TeV and 5 fb! at vs=7 TeV.

w
o

o  All the results shown in the talk use the full 2012 (21 fb1)
dataset (Vs= 8 TeV).

N
o

Delivered Luminosity [fb™]
o o

ot
Month in Year

s
>
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Examples of other EW production analysis (7 TeV):

92

long-lived chargino pair production (JHEP01(2013)131)

o

ot
Month in Year

s
>

GGM Analysis (PLB 719 (2013) 261, ATLAS-CONF-2012-144 )

GMSB search for non-pointing photons (ATLAS-CONF-2013-016) ]
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EXPERIMENTAL SETUP

Tile Calorimeter Liquid Argon Calorimeter

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
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3 -L tPTON AN 2 LYS ] S ATLAS-CONF-2013-035

Z dep|eted Z en r|Ched with sleptons (v =(v)

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc¢ O

msros [GeV] <60  60-81.2 <8l1.20r>101.2]|81.2-101.2 81.2-101.2 81.2-101.2
EMisS [GeV] >50 >75 >75 75-120 75-120 >120
mrt [GeV] - - >110 <110 >110 >110
pr39e[GeV]l >10 >10 >30 >10 >10 >10
SR veto SRnoZc SRnoZc - — — -

Target Low mass No-slep Slepton W2Z-like No-slep No-slep

splitting off-shell Z bulk on-shell Z bulk
\ AN J

without sleptons

In this Analysis two kinds of Signal Regions (SR), which differ from

each other by the presence or not of a reconstructed di-leptonic Z.

¢ Z-depleted regions: target decays via sleptons (assumed to be light)
or via off-shell bosons.

e Z-enriched regions: target decays via on-shell bosons (sleptons are
assumed to be heavy).

¢ Final state with 3 leptons and ETmiss given by neutrinos and

neutralinos.
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3L EREON RESUIIEYS

Irreducible Background:

ATLAS Preliminary ;Qattal s
- lota

Reducible

* Dominated by production, taken direct (s=8Tev [Lat=2071b"

Dibosons
Tribosons

Events / 25 GeV

SRnoZa
e Systematic uncertainties on cross-sections, jet energy resolutions and ETmiss

energy scale dominate Z-depleted regions. Z-enriched regions are dominated
by WZ acceptance and cross-section uncertainties.

Reducible Backgound (at least one fake lepton)

IIII|IIII|IIII|IIII|I ||||I|'|T| TTTIT

* Dominated by production, determined

50 100 ,
E™ [GeV]
¢ Systematic uncertainties dominated by dependence of misidentification
probability on ETmiss in SRnoZ (a,b) and by uncertainty of data driven

estimates in SRnoZc and SRZ (a,b,c).

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc

Tri-boson 1.7+1.7 0.6+0.6 0.8+0.8 0.5+0.5 04+04 0.29 +0.29
77 14+8 1.8+1.0 025+0.17 89+18 1.0+£04 0.39+0.28
trtv 0.23+0.23 021+0.19 0217930 04+04 0.22+021 0.10+0.10

-0.21
WZ 50+9 20+4 21+x1.6 235%35 19+5 50x14

SM reducible 31 +14 T+5 1.0+£04
96 +19 29+6 44+18 4 5 2
101 32

0.41 0.37
DIS2013; Marseille 22-26 April 2013 ' ' B M.Agustoni, University of Bern
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3L EREON RESUIIEYS

Irreducible Background:

T T I T T T T I T
ATLAS Preliminary --Data
“~Total SM
Reducible

Dibosons
Tribosons

* Dominated by production, taken direct (s=8Tev [Lat=2071b"

Events / 25 GeV

SRnoZa
e Systematic uncertainties on cross-sections, jet energy resolutions and ETmiss

energy scale dominate Z-depleted regions. Z-enriched regions are dominated
by WZ acceptance and cross-section uncertainties.

Reducible Backgound (at least one fake lepton)

IIII|IIII|IIII|IIII|I ||||I|'|T| TTTIT

* Dominated by production, determined

50 100 _
ET"*° [GeV]
¢ Systematic uncertainties dominated by dependence of misidentification
probability on ETmiss in SRnoZ (a,b) and by uncertainty of data driven

estimates in SRnoZc and SRZ (a,b,c).

Selection SRnoZa SRnoZb SRnoZc SRZa SRZb SRZc

Tri-boson 1.7+ 1.7 0.6 0.6 0.8+0.8 05+05 0404 0.29+0.29
ZZ 14 +8 1.8+1.0 025+0.17 8918 1.0x04 0.39+0.28

ttv 0.23+0.23 021019 021737 04+04 0.22:021 0.10£0.10

WZ 50 +9 20 +4 21+1.6 23535 5014
¥ SM irreducible 65+ 12 22+4 34+1.8 24535
SM reducible 31+14 7+5 1.0+ 0.4 443
96+ 19 29+ 6 44+18 249:35
101 32 5 273

0.41 0.37 : 0.23
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3-LEPTON INTERPRETATIONS

Results are interpreted using the Simplified Model, in which we set the masses of both chargino and neutralino ‘by hand’
within an interesting interval range.

chargino and second neutralino masses are assumed to be degenerated m g+ = myg

Limits are calculated using a combined likelihood fit of all SR, taking into account systematics via nuisance parameters.

Observed and expected 95% CL limit contours for chargino and neutralino production with:

* decay via sleptons (left-hand side plot) with m; = (mzo + my9)/2
e decay via gauge bosons (right-hand side).

- ATLAS Preliminary Observed limit (+105YSY

theory)

+1 0SUSY)
- theory

|
—
=

=207 f51, Vs=8 TeV Expected limit (=1 Gexp) Ldt=20.7 f51, Vs=8 TeV Expected limit (1 Gexp)

—~t ~0 * ~0 * ~O
7 oW 0% ATLAS 13.0 fb™ s = 8 TeV

m.. = m.o Al limits at 95% CL
%Xy X2

% %Z *TLval(V V), IVTEI (vVv) ATLAS 13.0 fb™", s =8 TeV
= Ivi v v) Al limits at 95% CL

WZ-hke 150
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\'-.
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4-LEPTON ANALYSIS ATLAS-CONF-2013-036

This analysis is sensitive to both RPC and RPV scenarios:
RPC Signal Models:
00 - s ~0 g 2 ~OZ$Z:I:
X2X3 production (low mass splitting) and decay mode X253 — (xI" — X3
Assume BR = 100% equally to e or u (no t for now)
Final state with 4 charged leptons, ETmiss from neutralinos
RPC General Gauge Mediated (GGM) Signal Models:
In GGM SUSY braking models, the gravitino G (~ massless) is the LSP

Higgsino-like neutralino (NLSP) has decay mode X = hG or — ZG

Final states with 4 charged leptons ETmiss from gravitino

RPV Signal Models:

Lepton number violated for decays in light leptons (Ai21) and taus (Mi33)

LSP can decay as X: — Vi/; l;-_L/il,f leading to a final state with high lepton multiplicities

Final states with 4-6 charged leptons, ETmiss from neutrinos.
DIS 2013, Marseille 22-26 April 2013 11 M.Agustoni, University of Bern
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4-LEPTON SIGNAL REGIONS

Two kinds of SR are defined for each allowed tau multiplicity:

e Regions vetoing Z candidates: remove events with any pair, triplet (at least 1
SFOS) or quadruplet (two SFOS) of light leptons with invariant mass inside
181.2, 101.2] GeV (extended veto).

These regions target both RPC and RPV scenarios.
* Regions requiring Z candidates: ideal for GGM scenarios.

Selected events must contain > 4 signal leptons, where only combinations
with > 3 light leptons (e, 1) are considered.

SR N({ =e,u) N(r) Z Candidate E%“SS[GeV] me|GeV] Scenario | loose ETmiss

SROnoZa extended veto >50 RPC_ | TIES}LOIES_
vetoing Z| | SROnoZb extended veto >75 or >600 RPV

SR1noZ extended veto > 100 or >400 RPV
SROZ request >75 GGM
SR1Z

request >100 GGM

moderate / high

ETmiss
thresholds

requiring Z

v v v
W s A

W =
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Irreducible Background:

e SR without taus (SR0) dominated by four real leptons, which come mainly

4-LEPTON RESULTS

from 77 and ttbarZ processes. SRs with 1 tau (SR1) dominated by
important contribution of jets, which fakes taus

¢ Systematic uncertainties on cross-sections and MC modelling.

Reducible Backgound:

* Essentially no reducible background.

Events / 50 GeV

=
w

IIIIII| [ TTTIT

Sample

SROnoZa

SROnoZb

SR1noZ

SROZ

SRI1Z |

ZZ
ZWW

ttZ
Higgs

0.6 £0.5
0.12+£0.12
0.73 £0.34
0.26 + 0.07

0.50 £0.26
0.08 +0.08
0.75 £0.35
0.22 £ 0.07

0.19 £0.05
0.05 £0.05
0.16 £0.12
0.23 £ 0.06

1.2+04
0.6+£0.6
23+09
0.58 £0.15

0.49 £ 0.10
0.13 £0.13
0.29 +0.24
0.14 £ 0.05

- ATLAS Preliminary —-paa

f L dt = 20.7fb™

5% Total SM
Vs =8TeV [ Reducible Bkg.
Czz
@ Higgs
—/ zww
I ttz
RPC ° %° VA (230,45)

> Wino 2., % 0 (600,400)

121
Gluino A.,,, = 0 (1100,600)

[rreducible Bkg.
Reducible Bkg.

1.7+0.8

+0.16
O—O

1.6 0.6

0.14
0.05:0.14

0.62 +0.21
14+1.3

48 + 1.8

+0.14
0-0

1.1 04

1.0
0.3+19

Total Bkg.
Data

1.7+ 0.8

1.6 0.6
|

20+13

48 £ 1.8
8

1.3%5

3

po-value

0.5

0.13
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Irreducible Background:

e SR without taus (SR0) dominated by four real leptons, which come mainly

4-LEPTON RESULTS

from 77 and ttbarZ processes. SRs with 1 tau (SR1) dominated by
important contribution of jets, which fakes taus

¢ Systematic uncertainties on cross-sections and MC modelling.

Reducible Backgound:

* Essentially no reducible background.

Events / 50 GeV

IIIIII| [ TTTIT

Sample SROnoZa

SROnoZb

SR1noZ

SROZ

0.6 £0.5
0.12+£0.12
0.73 £0.34
0.26 + 0.07

IWW

0.50 £0.26
0.08 +0.08
0.75 £0.35
0.22 £ 0.07

0.19 £0.05
0.05 £0.05
0.16 £0.12
0.23 £ 0.06

1.2+04
0.6+£0.6
23+09
058 £0.15

0.49 £ 0.10
0.13 £0.13
0.29 +0.24
0.14 £ 0.05

1//// .....

f L dt = 20.7fb™

T T T T I T T T T B T : T T I T T T T I T T T T
ATLAS Prehmlnary ~e— Data
Vs =8TeV [ Reducible Bkg.

5% Total SM

Czz
@ Higgs
—/ zww
E tiz
RPC x° x° VA (230,45)

> Wino 2., % 0 (600,400)

121
Gluino A.,,, = 0 (1100,600)

'
fAaAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA
"

A1

.

| J\||||||| |

[rreducible Bkg.
Reducible Bkg.

1.7+0.8

+0.16
O—O

1.6 0.6

0.14
0.05:0.14

0.62 +0.21
14+1.3

48 + 1.8

1.1 04

1.0
0.3+19

Total Bkg. 1.7+ 0.8
Data 2

1.6 0.6
|

20+13

po-value

0.5
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4-LEPTONS INTERPRETATIONS (RPC)

+ I: I:

_),.0..0_)’*'& lz'lt l:_),..OI:I ~0
PP, %R R —=% T X
_E\Ill||||||||||||||||||||||||||||||||||||_

ATLAS Preliminary

fL dt=20.7 15" {s=8 TeV

Two simplified models (vA, vB) are considered, where only the
masses of X3:X2: X1: (R are light.

m%o -m_ =5 GeV
miﬁ - m); =80 GeV

3

Limits are set using the signal region SROnoZa. Both vA and vB have
the same decay mode.

. SuUsYy
— Observed limit (1 Otheory)

Expected limit (+10,,,)

All limits at 95% CL

VA

in vA: Am(x3,[r) varies and is plotted vs the variation of X}
whereas Am(x3, X}) is fix.

T —————— e ——

in vB: Am(x3, X1) varies and is plotted vs the variation of X1
whereas m; _ is always put in the middle between X} and >2§
masses.

III|Illf:lllIII|IIII|IIII|IIII|IIII|IIII|I_
150 200 250 300 350 400 450 500

m)~<0 [GeV]
1

—
o
o

VA vB

IllilvlllIllllzl::lllllllll|IIII|IIII|IIII

/" ATLAS Preliminary

fL dt=20.7fb", (s=8 TeV

Higgsino-like X3

Higgsino-like Y9
varies

}Varies

IR

——— Observed limit (+105.5")

Expected limit (x10

exp)

All limits at 95% CL

vDB

; L .
Bino-like X3 i "> varies

20

T | I\ T | T T | T T | T T | T T | T

DIS 2013, Marseille 22-26 April 2013 1000150 200 200 %00 950 400 e V]




4-LEPTONS INTERPRETATIONS (GGNA)

Observed and expected 95% CL limit contours for the GGM models:
with tanf3 = 1.5 (plot on the left), the decay mode is via Z-boson with BR of 97%.

with tanf = 30 (plot on the right), the decay mode is via Higgs-boson with a BR of 20%-50% increasing with u.

1200_3IIlI|IIII|IIII|IIII|IIII|IIII|IIII 1200II|II|IIII|IIII|IIII|IIII|IIII|IIII

ATLAS Preliminarnydt =20.7 6", (s=8 TeV ;ATLAS Preliminarnydt =20.7 6", (s=8 TeV
100 - | -

tan(6)=30 theory)

I
H Expected limit (10,
l
I
/

SUSY

tan(6)=1 .5 theory)

Expected limit (1 oexp) eXp)

1000
ATLAS 5.8 fb™", Z+jets

900 \ All limits at 95% CL

\

All limits at 95% CL

]
]
I
i
\
1
|
I
| ATLAS 5.8 fb™!, Z+jets
|
|
]
I
I
I
\

IIII|IIII
|IIII|IIII|IIII|IIII."AIIIII|IIII|III

’»"V'|‘|||||||||||||||
500 600 700 m(y) [GeV

L1 1 1 | I 1 1 1 | L1 1 1 | I 1 1 1
300 400 500 00 700 m(x) [GeV]]
1 11 1 | 111 | | 111 | | 1 | I 1 1 1 | 11 1 | | 1 11 1 400 1 11 1 111 |

600
200 300 400 500 600 700 800 900 200 300 400 500 600 700 800 900
u [GeV] u [GeV]

i o

There is more sensitivity to exclude the production of gravitino with:
pair-production of gluinos for low gluino masses.

. production of charginos and neutralinos for high gluino masses.
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2-TAU ANALYSIS ATLAS-CONF-2013-028

Direct )ch )Zf()ﬁc — TV, TV) and )Zli X (X — FLT) Two SR are defined requiring particular cuts on ETmiss and
production with 100% BR to final state with (s)taus. mrT2 in order to improve the signal over background ratio.

=

‘eFinal states containing at least 2 hadri(inicalrly geifca}‘fnta 1 Signal region requirements :

| ‘\ OS m1 at least 1 OS tau pair

| jet veto
Z-veto

EMSS> 40 GeV

eEvents with additional light leptons are vetoed. | mt2> 90 GeV

e p— OS mry-nobjet | at least 1 OS tau pair

e At least one tau pair has opposite sign (OS).

Staus and tau sneutrinos are assumed to be mass b-jet veto

degenerate. miggZ—veto
ET™> 40 GeV

mm> 100 GeV

Irreducible Background (estimated from MC):

* real taus coming from di-boson, Z+jets or top production.
Systematics dominated by tau-related uncertainties.

Reducible Background (estimated from data):

e at least one fake tau coming from misidentified jets (W
A S e LA TR +ets) . Systematics dominated by limited statistics in

-0 R M control regions.
DIS 2013, Marseille 22-26 April 2013 mgg ~ my assumed
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2-TAU RESULTS AND INTERPRETATIONS

SM process

SR OS mm

SR OS mT; -nobjet

top
Z+jets
diboson

0.2 +0.5+0.1
0.28 £ 0.26 £ 0.23
2.2+05+0.5
84+26+14

1.6 08+ 1.2

04+03+0.3

25+05+09
12+3+3

lllIIIIIlllllllllllllllllllllllllllllll
.

ATLAS Preliminary
SR combined

0 _ — = . 0
.L.lz =T v (V)T TVv) = r\"/_1 n’(\.'\.')z1
My

m., .+ M,
L5 S &

J Ldt=20.7fo , {==8 TeV

SUSY
h-:n)

———— Expected Iimit (z10,_)

=05

1

multi-jet & W+jets
t SM total

data 6 14
S Y . A— 150

> no significant excessesio "

+ Data 2012 (Vs = 8 Tevﬂ
72 SM Total
|:| Multi-jet, W+jets
[ Diboson
[ Z+jets
E
@ Single top
SUSY Ref. Point 1
SUSY Ref. Point 2

N

Al ity wl SN CL

11.0+£27+1.5 17+4+3

200

lllllllllllllllllllllll

~ 4
X1 Xg

o)
3
o,
o
&
o
T
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10° 0
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e F - 0 SR combined
_X;X1 — 2xTV(VT) = 2 % VYL,

102 f L dt ~20.7 fb"

oS m,,

—207fb'1 {s=8 TeV

SUSY)
theory

m, L dt

+ Mo
%

=0.5

3
tadl
3

10

Lé\"\'\,/” - — — - Expected limit (+10

.
y .
v -
.
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.

exp)

1

All limits at 95% CL
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SUMMANRY

In this talk results for direct EW production of gauginos and sleptons have been
shown.

Three different kind of analysis: 3-Lepton, 4-Lepton (with RPC and RPV), 2-Lepton
(with taus only) final state with missing transverse energy have been considered.

No excesses have been found in any channel of EW production of supersymmetric
gauginos and sleptons with the ATLAS detector.

Limits of exclusion have been extended in simplified model grids: RPC, RPV and
GGM.




THANKS FOR YOUR

ATTENTION!







VARIABLES

my = \/ngf : E?ziss 2 QP%F : p%u'ss

meff_Emzss+sz+ZpT_l_ZpT_l_ijet

et




NMC SAMPLES

e Background:
Diboson: Sherpa (Powheg for systematic studies)
Triboson: MadgraphPythia
ttbar: Powheg
ttbar+V: Alpgen (Madgraph for systematic studies and for ttbar+WW)
Single t: AcerMC, MC@NLO
V-+ets: AlpgenPythia
Higgs: Pythia
e Signal:

° Herwig++

DIS 2013, Marseille 22-26 April 2013 M.Agustoni, University of Bern



4-LEPTONS INTERPRETATIONS (RPWV)

This is an example of X3 X1 production, where the NLSP X;” are wino-like and decay as TR Wi(*)f(@

I/(I Ve(Vr)

e o/ e

- _/\121 Aiss
In RPV scenario with Ai21 # 0 the LSP decay leads to events with electrons and muons in the final state (left-hand side
diagram), whereas Ai33 = 0 will produce predominantly tau leptons (right-hand side diagram)
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ATLAS Preliminary explored LSP mass range: ATLAS Preliminary explored LSP mass range:

det=20.7f61, /=8 TeV 1OGeV<m%?<m%;-1OGeV 1OGeV<mi?<mZ-1OGeV

fL dt=20.7fb", /s=8 TeV
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SROnoZb is used to set limits in A1 =0 model (left-hand side plot).
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The statistical combination of SR0Z, SROnoZb, SR1Z and SR1noZ regions is used to set limits in A133 = 0 model
(right-hand side plot) to maximise the sensitivity.




MORE RPN 4-LEPTON PLOTS
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ATLAS Prellmlnary explored LSP mass range: ATLAS Prellmlnary explored LSP mass range:

10GeV<m>~<0<m§-1OGeV 1OGeV<mk_o<m§-10GeV

fL dt=20.7fb', Vs=8 TeV fL dt=20.7 fb", s=8 TeV
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