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Introduction
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Search strategies developed by ATLAS target
all these SUSY production modes

Stringent limits on strong production
(squarks and gluinos) with masses
above 1 TeV.
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Run 1 Results from ATLAS

Focus of this talk is on the recent results from
electroweak, RPV and long lived Supersymmetry
searches with the 2012 data collected by ATLAS

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

Status: Feb 2015 Vs=7,8TeV
Model eu T,y Jets EX™ [Lanm™) Reference
Ul 101 2ep 0 Yes 203 |z m(E})-0 Gev 14035294
T X = 0n(09) 2ep 0 Yes 203 [&} m(’ ‘)-DGEV m(Z.7)=0.5(m(F} Jem(¥}) 14035294
)2‘)? it 2t - Yes 203 |&} (¥1)=0 GoV, mu #)=0.5(m(¥} )sm(F)) 1407.0350
ES Bl b 7 3ep 0 Yes 203 |WA ), m(E1)=0, m.7)=0.5(m(F7yomE) 1402.7029
X;;,‘:Hwn /h 23ep  O2jets  Yes 203 |LE . m(¥1)=0, sleptons decoupled | 1403.5294, 1402.7029
GO WRIE, hosbb/WW/rt/yy ©HY 02b  Yes 203 |F5Eh . m(i})=0, sleptons decoupled 1501.07110
e, dep 0 Yes 203 |¥y 620 GeV. m(P)em(E2), m(E3)e0, M. 5)=0.5(m(F2)em (L)) 14055086
Direct ¥1¥] prod., long-lived ¥] ~ Disapp. trk 1 jet Yes 203 & 270 GeV m(F})-m(F])=160 MeV, r(¥})=0.2 ns. 1310.3675
§ g Stable, smpped & Rehadron 0 15jets  Yes 279 |& 832 GeV. m(F{)=100 GeV, 10 us<r()<1000s 13106584
530 Stable g R hﬂﬂm“ trk - - 19.1 13 1.27 Tev 1411.6795
3 @it 124 - < e |@ 537 Gev 10<tang<50 14116705
S g GmSB, -G, \ong Jived ¥ 2y - Yes 203 | & 435 GeV. 2<r(¥1)<3 ns, SPS8 model
4, ~qqu (RPV) T displvix - - 203 @ 1.0Tev 1.5 <cr<156 mm, BR(:)=1, m(i{)=108GeV | ATLAS.CONF-2013.092
LFV pp—s¥y + X, Vr—e + 2en - - 46 (=010, 1212.4272
S | Biinear RPV CMSSM 2e.u(88) 03b  Yes 203 |d@F m@=m(@), crisp<t mm 1404.2500
a ¥ den - Yes 203 |& 750 GeV' m(E)>0.2xm(F1 ), A121%0 1405.5086
< Jepusr - Yes 203 |® 450 GeV )50 2 ). A0 1405 5086
&9 0 67jets - 203 |& 916 GeV. BR()-BR(0)-BR(c)=0% ATLAS-CONF-2013.091
Eoiit, ii—bs 2eu(SS) 03b Yes 203 |& 850 GeV
e 1

=8TeV -
- - fmw: 10 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Electroweak SUSY
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ATLAS SUSY Searches* - 95% CL Lower Limits

Electroweak (EWK) production can
be dominant at the LHC.

Low cross sections

Multileptonic signatures with
large missing transverse energy

Suppressed SM backgrounds

ATLAS Preliminary

Status: Feb 2015 Vs=7,8TeV
Model e T,y Jets EX™ [Lanm™) Mass limit Reference
Tl i 2en o Yes 90-325 GeV 1403.5294
140-465 GeV 14035204
100350 Gev 1407.0350
E § 700 GeV 1402.7029
S 23eu  O2jets  Yes 420 GeV. . sleptons decoupled | 1403.5204, 1402.7029
02h  Yes 250 GeV. . sleptons decoupled 1501.07110
0 Yes 620 GeV. m(F2)em(Ed), mE3)=0, mZ5)=0.5(m(Fem(it) 1405.5086
V5 =8TeV
Al 1 Mass scale [TeV]
1 d are observed minus 1o- theoret uncertainty
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EWK RPC Search Strategy

Signature-based analyses characterised by lepton multiplicity (L) and missing transverse energy

X1

= X3 i
» p p P -
Channel >\\
P p ' » el
X5 Xi v [
1L+bb/~vy via Wh
“2L (e,p) |via WZ, Wh (SS)| via 7/, WW with 7 =&, i
* 2L (7) via 7/ via 7/

* 3L (e, p,7)
** 4L (e, p,T)

via 7,7, WZ, Wh

via .7, 27

Supersymmetric Models

@ Simplified Models (discussed here)
- One simulated process with 100% BR
@ (**) General Gauge Mediation (GGM)
- gauge-mediated SUSY breaking mechanism with gravitino as the LSP
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NEW! WH combination arXiv:1501.07110

10 + 2 bb + Eiss 1€ + 2 photons + EZss eE0F 4 > 1 jet + ERISS
£ / Simplified models:
p v.p )Zli)"(g decays via Wh
!
0 o ili, )'(g wino,

<
~ mass degenerate

@ Y bino

(2 ~
P h Y b P
b
Overall very good agreement between data and expectation
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[ \s=8Tev,2031" % Total SM [llSingle top
tt Other
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- all 3 signatures combined

- 2 signal regions exploiting myrv. mgcr
and requiring mp;, to be around the
Higgs mass

- W+jets and tt SM background
processes dominate

Events / 30 GeV
2

-
o

T
o

Events / 2.5 GeV

T T T T
ATLAS ——Data
1s=8TeV,2031b"

- 2 signal regions exploiting m,';‘v'y, and 5 ~— Fitto Data
Ap(W, ) 4

- VH and ttH SM background

processes dominate 2T T T ! T T + 3 °

- 6 signal regions exploiting m_g. and 1 ¥ ) . 2

mp i t T 1

- VV and non-prompt lepton SM 0 TR S
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background processes dominate my, [GeV] m,, [GeV]

Data/ SM
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http://arxiv.org/abs/1501.07110

NEW!

us

WH combination

10 + 2 bb + Efpiss

1€ + 2 photons + EXiss

arXiv:1501.07110

F0F 4 > 1 jet + ERISS
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http://arxiv.org/abs/1501.07110
http://arxiv.org/abs/1402.7029

NEW! VBF Higgs

Higgs-boson production via
vector-boson-fusion (VBF) decaying
into neutralinos and/or gravitinos

@ Interpretation in GMSB and

NMSSM models

J
» G/xY
D
x7/x8 G/xs
P v

J

alysis Design

- Event Selection:
lepton veto, > 2 jets, > 1 photon,

95% CL limit on (o/0g,,) x BF(h— NLSP + LS}

Events /0.2

ATLAS-CONF-2015-001

No significant deviation from SM.

T T T T T T T T Ramasl
[ ATLAS Preliminary | y+iets/multijets[l W(- ev) ]
Fis=8TeV,203 1" Wizey Other W/Z+jets 4
r ) others A Total SM 4

= m (M0 Mg, ) = (100, 0) GeV.

75
VBF jan|

ATLAS Preliminary Vs =8 TeV, 20.3 fb™
—e— Observed limit (nomlnllh')

1.4 ;
o eeeee Observed limit (""Mv)
1.2 } ----- Expected limit
E Expected limit (+10,,,)
1 ; Expected limit (:20,,)
0.8F All limits are 95% CL

Ob§e1rved limits for various NLSP and LSP masses.

miss E
ET 0.6 ]
- event selection optimized to exploit 0.4 3
VBF di-jet topology mj;, An(jj) F . 7
- main backgrounds multi-jets and 0'2? oeend Tl B
gamma-+jets C. Ll L 1 1 11

NLSP(GeV) 65 70 80 50 100 M0 120 65 70 80 S0 100 110 65 70 80 % 100 65 70 80 %0 65 70 80
LshGw)  © ©0 0 0 © © 0 10 10 10 10 10 10 2 20 20 2 2 % 3 2 3 4 4 %
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https://cds.cern.ch/record/1742700/files/ATLAS-COM-CONF-2014-061.pdf

Events / 250 GeV

EWK SUSY Summary
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No significant deviation from SM

ATLAS Preliminary 20.3 b (5=8 TeV Status: Feb 2015
F— &R via L/ ¥ 3L, anviz7oze === Expected limits
[ —kkvalsb 2, avioszss  —— Observed limits
bR via O, 3L, a0z
— B via 0/ 6, 221, wocssoron AV MitS 895% CL
[ —REvatsd, 221, wursioness
[ — &k via wz, 2431, ancnis0asz0s

0 [~ —— X2 via Wh,  Ibb+yy+F+3L, anasoLoriio
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@ Wide variety of signatures and decays

explored

@ Combination of final states possible due to

orthogonality

@ Utilise different kinematic variables to reduce

SM backgrounds, such as dibosons, V+jets
and tt
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RPV Supersymmetry

1 - 14 N 1 17 TT O
WRp = EﬂijkLiLjEk + AijkLinDk + i/liijiDj v + k;LiH»

A quantum number relating lepton L L
(L) and baryon (B) numbers is known R-p;mty vnglatloq (RPV) implies:
as R-parity (R ), defined as: - Proton decay in some scenarios
! (depending on the A couplings)
R = (-1)3(B'L)+25 - LSP is no longer stable and
P can decay to SM patrticles with

A couplings

ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: Feb 2015 Vs=7,8TeV
Model e TY Jets E;’.‘“‘ JLanm) Mass limit Reference
LRV ppsis + XoFroe + 1t 2em - s 1,010, 4,005 12121272
LFV pp—iy + X,V —eu) + T Tepst - - 46 43y=0.10, 05 12121272
Bilinear RP\ 2e,u(SS) 0-3b Yes 20.3 m(G)=m(z). mm 1404.2500
v - dep Yes 20.3 m(F})>0.2xm({7), 4:21#0 1405.5086
B0 Bepu+t - Yes 203 m(E)>0.2xm(F}), 111#0 1405.5086
4999 0 67 jets. N 203 BR(1)=BR(h)=BR(c)=0% ATLAS-CONF-2013-091
&0, fi—bs 2e.4(88)  03b  Yes 203 1404250

=8TeV -
- - {;n:n: 107! 1 Mass scale [TeV]

*Only a selection of the available mass limits on new states or phenomena is shown. All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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@ RPV “UDD” decays lead
to a final state
characterised by many
partons (can be heavy
flavor)

@ Gluino pair decays to ten
or more quarks via
intermediate neutralinos

@ Direct gluino decays to
six quarks is also
explored

RPV Multijet searches

- High jet multiplicities, no missing transverse energy requirements
- Discrimination using the sum of the masses of the 4 leading large-R (R=1.0) jets (M}_4, .
jet pT

- QCD background processes dominate, estimated with data-driven method using jet mass
templates derived in a 3-jet control region

- 3 signal regions are defined with at least 4 large-R jets (2/3 binned in Mf4)

4 production, G- qa,, 1, 4
= e o
2 I Expected limit (+16,,,)
Overall very good agreement between = | == Observed limit (+105%) |
data and expectation £ Al limits at 95% CL
® s T T T T T r
2 F T E ~ s
%o 35 == Data ! 4 3 reliminary
= Multi-jet (Sherpa) L
g 0.3 m(G) = 600 GeV, m(z) = 175 GeV. =
oo m() = 1.0 TeV, m@F)) = 175 GeV r
0.25 - m(@) = 1.4 TeV, m(r) = 175 GeV 3 3
0.2 El 500 4
0.15;- E [
0.1~ E L
0.057: e - E 1 - 1 1
 ®tenee rilyocee 400 600 800 1000 1200 1400
0.2 04 0.6 TRy m; [GeV]

Total j M [TeV
otal jet mass, Jv“[ evl In the 10-quark model, gluinos are excluded for

m(g) < 1 TeV for neutralino masses with
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Long-Lived Supersymmetry

Long Lived Particles (LLP) are predicted by a wide variety of
models : Hidden Sectors, RPV violating decays, Split-SUSY, AMSB,
GMSB,

All these signatures depend on lifetime
Signatures include:

disappearing (kink) stable massive
. . ) track . particle
- Disappearing tracks d'SD'a;ed // ” e
; : vertex
~ Stopped gluino or squark R-hadrons ot
. - ) - netrate
- Non-pointing and delayed photons  primary & P toter
- Stable LLPs b
- Displaced vertices 0(10) mm 0(100) mm >0(1000) mm decay length
ATLAS SUSY Searches* - 95% CL Lower Limits ATLAS Preliminary
Status: Feb 2015 Vs=7,8TeV
Model e T,Y Jets E?,’.‘*“ JLaam™ Mass limit Reference
Direct ¥} ¥ prod., long-lived ¥ D-sapp wko tjet  Yes 203 | 270 Gev m(E})-m(E)=160 MeV, r(¥})=02 ns 1310.3675
§ @ Stable, stopped ¢ R-hadron 15jets  Yes 279 |& 832 GeV. m(E4)=100 GoV, 10 s <r(§)<1000's 13106584
=5 Stable ¢ R-hadron - - 191 B 1.27 Tev 1411.6795
2T GMSB\slablar W@ irie.n) 'Zu - EERTEIN P 537 GeV © 10<tang<50 14116795
S8 GMSB, £y, longrlived {1 2y Yes 203 |F 435 GeV 2<r(i})<3 ns, SPS8 model 1409.5542
4, M—u’l’u (RPV) 1, displ. vix - - 203 i 1.0 Tev 1.5 <cr<156 mm, BR(u)=1, m({})=108GeV | ATLAS-CONF-2013-092

=8TeV -
m - fmun: 107! 1 Mass scale [TeV]
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Stable Massive Particles

pixel detector)

arXiv:1411.6795

us

@ Interpreted in many SUSY models, e.g. GMSB
(71 as NLSP)
G MS B @ Four different signatures probed: stable sleptons, .
leptoSUSY, charginos and R-hadrons (bound Exclusion range m)z?: < B37 Gev
states composed of the LLP and light SM quarks =12
p or gloons) e [ A AAAM e =
e = = ATLAS E
X T @ GMSB: two muon-like SMPs, high 3 values 2 [ s=8TeV,19.1fb" 1
Direct 3] [ 1
@ Signal discrimination using mass measurements $ [ theoyprediction it
(m= ﬁ)' with p taken from the charge 2 1ok targ = 10 observedlim! 4
particle track, time measurement (/3) in the 8 E B ewpcctediimitz 1o oo expected limit 20
calorimeters and muon system, and energy loss [
(B~y) measured in the pixel detector L 1
Overall very good agreement between 1 E
data and expectation F ]
T 1 3 f snosi_z2c + Daa r
Analysis Design Bl Aias 5 ] L
27, et L ]
- Events selected with two SMPs 5 I'J # ] P4 oL BN P FE U P P P
and 0.2 < 3 < 0.95 i *F 350 400 450 500 550 600 650 700 750
8 F| o
- High pp muons with ‘j T T— ] X mass [GeV]
; - E T ITA TI I
mis-measured {3 as the dominating d e 550 600 650 700 750 800 850 900 950
background, taken from data wll . 1 )( mass [GeV]
- Discriminating variables: 3 El "
(taken from ToF), B~ (can be _— sl
measured by energy loss d—E in gz "
y energy & 3 "‘**H“
50 100 150 200 250 300 350 400 450 500
min(m,, m) [GeV]
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2013-22

Summary

us

The ATLAS SUSY search for electroweak production, R-parity
violating and LLP scenarios using the full 8 TeV data delivered
by the LHC during Runl was presented

New and improved sensitivity for a wide variety of SUSY
scenarios

No significant deviation from SM observed
Stringent exclusion limits are set on masses of SUSY particles

Higher energy offers possibility of fast discovery in Run-2 for
strongly produced SUSY (e.g. in RPV or LLP) but for EWK
production the cross-section gain is smaller, hence, more
luminosity will be required.

Stay tuned for Run Il
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Backup
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Standard Model Background Modelling

Some SUSY processes can be SM-like.

SUSY searches rely on accurate modelling of SM background.

Irreducible Reducible
(prompt (non-prompt
leptons) leptons)
Dominant sources: Sub-dominant
normalised to data sources: estimated Data-driven estimation
in dedicated with MC-simulated analyses dependent
Control Regions data

All predictions are thoroughly validated using
dedicated Validation Regions

[Signal Regionsj
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NEW! WH combination arXiv:1501.07110

14 + 2 bb + E'S°
e e e T T
ATLAS \s=8TeV,20.3fb" g
== Observed limit (+ 1 Gpoor)
= Expected limit (+ 10,
All'limits at 95% CL

¢bbchannel

o
T
Ll

95% CL Limit on o/65USY

2

A P> wiz‘j w:’ m, =0 GeV
X’v

PR R S I B n

- L PRI
150 200 250 300

L

350

m.. [GeV]
% X,

101 bt

@ 95% CL (normalised) upper
limits on the cross section as a
function of m(x;") for a
massless LSP
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