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Why SUSY?

® Theoretically and experimentally
motivated

® Extends Poincare space-time symmetry
® Natural grand unified theory

® Can incorporate gravity

® Solves hierarchy problem

® Complete SUSY Models:

® can provide candidate for cold DM

(if 2 new parity, R-parity is conserved) e mSUGRA AMSB . GMSB
® MSSM developed in the early ’80 ® Phenomenological Models:
and starting point for searches ever
since e pMSSM: |9 parameters, GGM (gravitino)

® More than 100 soft SUSY breaking ® Simplified Models:

parameters ® physical masses of SUSY particles

e fixed branching fractions, pure states
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Production of SUSY Particles at the LHC
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Phenomenology of SUSY

Pp = (-1 )28+38+L'

® R-parity conserved (RPC)

e SUSY particles created in pairs

® Lightest SUSY particle (LSP) is stable, DM candidate

® Expect large ETmiss from escaping LSP

® R-parity violated (RPV) W
P

® RPC pair-production, but decaying LSP

X1

e RPV production of a single SUSY particle p

® Loss of ETmiss, but large object multiplicity and resonances

’Llfctlme | Dccay

Length
® R-hadrons from meta-stable gluinos, decaying via very heavy

displaced
vertex 0.1-Imm
squarks

d snEpcmmg
e Compressed spectra S A ~10cm
® Meta-stable (N)LSP due to small (Gravitino)RPV coupling 2 it
slow (B<1) O(1-10m)
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® |ong Lived (LL) particles (in both RPC and RPV)




Organization of SUSY Searches in ATLAS

® Searches focus on specific processes rather than final state signatures

® Higher discovery potential!

Prompt

R-Parity-Conserving

Strong Weak
ot 2ne 3rd gen.
gen. stop, ?WK'
squarks, sbottom INOS,
gluinos sleptons
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Outline: Updates Since SUSY 2014

® Searches for gluinos

New today ® Search based on |-2 lepton + jets final states

® Searches for Ist/2nd generation squarks
® Mono-photon search targeting compressed scenarios
New today ® Search for charm squarks

® Searches for 3rd generation of squarks

® Re-interpretation of the measurement of the top spin correlation

® Searches for EWK SUSY

New today ® Search for chargino and neutralino with Higgs in decays

® Searches for Long Lived Sparticles

New today ® Search for heavy stable sparticles

® Re-interpretation of 0-lepton results in search for metastable gluinos

® Search for GMSB-like scenarios using non-pointing and delayed photons

® Summary and Outlook
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General Analysis Strategy

® Select Signal Regions using discriminating variables

® ETmiss mostly from escaping LSP, to suppressing backgrounds with mis-
measured jets also ETmiss significance = ETmiss/v/SjepT

® related to the sparticle mass scale, e.g meff = ETmiss + Dl objectsp T

¢ mT and mT2, stranverse mass (generalization of the transverse mass)

used to suppress backgrounds with Ws, typically in searches for stops and
electroweakinos

e mCT, razor,...
® Analyses are usually based on many signal region (SR) bins

® Fake instrumental backgrounds with data-driven methods (matrix,
ABCD)

® Remaining backgrounds from MC, usually normalized in Control
Regions (CR) in a simultaneous fit in all CR (and SR for limits)

® Signal Regions blind until modeling validated in Validation Regions (VR)

Zoltan Gecse (UBQC)
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Searches for Pair Production of Gluinos

I l | I |
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Searches for Gluinos decaying via Virtual Squarks

® Scenarios with gluinos decaying via off-mass shell light-flavor squarks are probed by search
using events with O leptons, 2-6+ jets, large Meff (up to >1.7TeV) and ETmiss significance

® Scenarios with gluinos decaying via off-mass shell stops lead to rich phenomenology with 4
b-jets and 4Ws in the final state

® Achieved sensitivity to large mass and compressed spectra using events with
O-1L, 3b-jets; 2SS/3L, b-jets; OL,7-10+ jets
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Searches for Gluinos decaying via Charginos and Sleptons

o —————

® Gluinos can undergo long decay chain through charginos
and sleptons leading to final states with leptons

® Four searches targeting

® compressed scenarios (lepton pT in 6-7 to 25 GeV range, “soft”)
using ETmiss trigger

® scenarios with medium to large mass splittings (lepton pT >25
GeV, “hard”)

® scenarios with long decay chains (di-lepton, pT >14/10 GeV
range, “hard-dilepton”)

® Signal to background discrimination based on:

® number of jets, ETmiss, Meff, ETmiss/Meff, MT in hard/soft “Mega-jets” from all visible objects on
searches each side of the di-sparticle decay

® number of jets, topological information (“razor”) instead of , : S — s
ETmiss in di-lepton search Mp = /(1.6 + J2,8)* = (J1.p + J2,p.)

MR — 1Br 171,00 1 +172,50 D =Bp-G1,pp +32,p7)?
T — 2
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Searches for Gluinos decaying via Charginos and Sleptons

@ 2-leplon CRIVRUSR2, = 3 jets p,>50 GeV

Zoltan Gecse (UBC)

For each search,a number of signal regions for
discovery and for exclusions are optimized

The dominant tt and W+jets or Z+jets backgrounds
are estimated using a semi data-driven approach

MC is fit to data in the Top-dominated and W- or Z-dominated
control regions

These background contributions are extrapolated to the signal
regions using MC

The extrapolation is carried out in a simultaneous fit
accounting for potential sighal contamination in
the control regions and for correlation of
systematic uncertainties

The extrapolation to the signal region is cross-checked in
validation regions kinematically close to the signal regions but
orthogonal to both signal and control regions.

Observations are in agreement with SM expectations
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Searches for Gluinos decaying via Charginos and Sleptons
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Search for Pair Production of |1/2 Generation Squarks
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Search for Pair Production of Light-flavor Squarks

q ® The cross-section for Ist and 2nd generation squarks benefits from
P | C 8-fold degeneracy (u, d, ¢, s) x (left, right)
i 00 ® comparable to the gluino pair production cross-section
q AN 1
P
q ® Searches using events with O leptons, 2-6+ jets
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Coverage of compressed Significant drop of sensitivity
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http://link.springer.com/article/10.1007/JHEP09(2014)176
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Searches for Light-flavor Squarks in Compressed Scenarios

> ———————————

® In scenarios with compressed mass spectrum, the
outgoing SM quarks are too soft to be detected p

® recovered sensitivity with ISR-like approach

P

® jet veto (allow up to one jet with pT>30 GeV) and
lepton veto

Y

|

® Search is based on events with one energetic
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®  ETmiss trigger, ETmiss > 150GeV g2 - . et
qc) ///// uncertainty
>
L
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Searches for Light-flavor Squarks in Compressed Scenarios

é 10° I Ldte2038' GogTey ??éw?(__’:":)) Process Event yield
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Searches for Light-flavor Squarks decaying via Charginos

q
q VY
el < ; Final states may contain leptons
\_\ ~ \ ; ~ ()
q w X1
I) ‘1'
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® Search in events with | lepton recovers
® Search with O leptons, 2-6+jets sensitivity for more compressed scenarios
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Squark mass > 700 GeV independently of decay modes
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motivated

Search for Charm S

quark, Motivations

o

® Non-degenerate light flavor squarks are well

arXiv:1212.3328

® degenerate squarks not necessary to solve the SUSY flavor
problem, SUSY alighment models avoid bounds from CP
violating processes

® Limits on a single light-flavor squark are greatly
reduced but can be improved if the flavor is charm

® |mportant for discovery and also probes the flavor
structure of the underlying theory

® New search for charm squark at LHC!
> T
® Signal and background discrimination & 0.35 ATLAS Simulation Preliminary —— b jets E
- S - i simulation, s=8 TeV —— Cjets .
based on c-tagging 03[ 20 GeV, hI25 —— light-flavour jets
0.25*_ JetFitterCharm =
® Neural Network dedicated to c-jet identification based on ooF LT E
impact parameter and secondary vertex information o — . :
.0 12‘ -~ T :
® c-jet tagging efficiency and its uncertainty have been " - -
calibrated in inclusive jet events over a range of pT using jets  0.05- -
. % - _ -
with D opogoor—o——o————o——— °
0 100 200 300 400 500 600 700 800
T
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Search for Charm Squark

o> —M

® Search is carried out in events with: 3 |ATLASPreliminary == m, = 400,200 GeV -« Data
g m, 0 = 550, 50 GeV ﬁ '++j?etfs
. A 0 /5 =8TeV,203 " top :
o ETmISS> I SOGeV ,3 region: mgp >150 other
g
o jetl pT > 130 GeV, jet2 pT > 100 GeV !
® leading 2 jets c-tagged -
= 1.5 n | l
® ETmiss/ (ETmiss + pT| + pT2) > 0.25 59 } ! { l l I l l
2 0.5}
%% 200 400 600 800 1000
® mcc > 200 GeV reduces g—cc m,, [GeV]
> ATLAS Preliminary == m, ;o = 400, 200 GeV _* Data
e mCT > 150,200,250 GeV reduces tt o 10°} VT=BTOV.20387 =- m,y = 650,60 GV Q2T NS
f top
3 other
® Dominant backgrounds are normalized in CRs g 10
containing events with 2 c-tagged jets:
1
® /(vv)tjets:two e*e /UTU~ leptons in Z window
107"
. + =11+ a— % 1.5
® top:two e’ U /U*e leptons = 1.0 t } l I l
SO05Hf | : } I
0.0 :
. . . . 0 100 200 300 400 500
® WhHjets: | lepton, mT in W window s [GV]
2 2
7. C1 C? I C1 C?
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Search for Charm Squark, Results

o

Direct eet, 6—>c5(‘,’ , single ¢ state

® Dominant uncertainties originate from the 500 —
limited number of events in the CRs ~20%, 3 — Observed L'm't(ilas"s*) &
. . . . . 3
jet tagging and mis-tagging ~20%, 2 ol Expected Limit (+105) g
: W= M 1407. 23
jet energy scale ~10% < onojet [1497.00081 *
- ATLAS Prellmlnary
mer (GeV) | >150  >200 >250 300| / Cdt =20.3fb"!
. 7427 39:16 1607 V5 =8TeV  Best expected SR
P AV EY) (1.5) ; |
- 14+3  77+17 43+12
. (13) (7.0) (3.9)
Weias | 12245 4126 1912
I (74) (42 (1.9)
Multijets | 0.3+0.3 02+02 0.05+0.05
Others 05+03 0403 04+03 AR
Total 3046  16+3  82+19 500 600
Data 19 11 4 m,. [GeV]

Overlaying observed limit from the monojet-SR,

combining with c-tagged SR of the t — C)Z? search

ll‘l -
200 300 400 500 600

Limit on charm squark mass ~ 540 GeV , for massless LSP

ATLAS-CONF-2014-063

improves significantly on single light flavor squark limit
Zoltan Gecse (UBC) improved sensitivity for heavier LSP




Sensitivity to Gluinos and Squarks

p q ® When gluinos and squarks have similar masses, the associated
production of squarks and gluinos is available with cross-sections
| order of magnitude larger than the gluino production

® substantial increase of sensitivity to squarks

Squark-gluino-neutralino model MSUGRA/CMSSM: tan(f) = 30, A‘J =-2my, u>0 Status: ICHEP 2014
;2800 ’_] 1 1 4 14 ‘l 1 1 I ‘\ 1 I LE 1 I 14 14 14 ] 1 1 14 ]’ 1 | 1 l 13 | | ;‘ 1(»0 T | ) L I ) L L ] ' | I L L I T T T T I T T T T T T T T -
) . W\ % 0 3 ' 95% CL limits. 05" not included. -
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$ - \ \ w— m[x‘)=0 GeV Qbs. limit (1 0;;;,)' Eg 900 fLot «20.1-207 0" (8=8Tev e 00SOVOD a2y 1405 7875 —1
g 2400 - Y - = m(¥,)=395 GeV Exp. limit - Odlepton, 7-10 jets :
p— -. — : o - . - Exw ) s .
.(Eu 2900 S - \\,_.-‘\ m(ﬁ) 395 GeV Obs. Innmn 800 —C Sgw%m b-jets ]
= - N .\ == mfy,)=695 GeV Exp. limit - Expoced 4 janton + jets + MET N
3 — \\\ "5\\ R — m(3 ! 695 GeV Qbs, limit Expected A Freons o ]
n 2000 = =~ R X . 200 :m 1-2 taus + 0-1 lept. + jets + MET
L ~ ™~ 4 | 7TeV (4.71b") m(x. )=0 GeV Obs. Epocted e 009 , ]
1800 IS ~ L | — Ouserved T3 oateg o
= 600 -
1600 |- :
1400 — . - 500 T
E ATLAS Ny . R Jp—
1200 — - - e tehedptn
E -1 . 400 /
= det=20.3fb.\s=8TeV _ . e
1000 - ) Nl —
— 0O-lepton, 2-6jets -
800 wn T WY WY VRN (NN VY TR TN T TR THNNY W SN WY WY N | PO IR | T T T BT T 300 C .
800 1000 1200 1400 1600 /1800 2000 2200 240 e e L L e o M
Gluino mass [Ge 0 1000 2000 3000 4000 5000 6000
u m, [GeV]

®  Full SUSY model with gravity mediated SUSY
breaking and with mH ~ 125 GeV

Compare to ~ 900 GeV in

decoupled scenarios ® All SUSY processes are present in the model
(only strong production considered in the limit)
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Search for Pair Production of Stops and Sbottoms
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Summary of Stop Searches (No Chargino in Decays)

t{, production, > b/t c ¥, > Wb T, />t T

Status: ICHEP 2014

Search for Stop2 with Z in final
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400- oty . 2L [1403.4853] 2L [1209.4186) . : a0 1
I W}g 1, 1L [1407.0583), 2L [1403.4853] 11p t 350 ;f“"'m"’ G:" 8Tev ANlimine a1 96% CL
- EStocy oL [1407.0608) . L e \_” : m, - M= 180 :
- - b"'— i . i - = ‘, l L_ _-.
350 — X OL [1407.0608), 1L [1407.0583) 3 g > ) : 4
- - @ -~ %05- Q’% .\\\ -:
- = QObserved limits ==== Expected limits N e DOSEE ) -0 : o ey \ :
3001 A limits at 95% CL 1 t2 - < X1 - 3 & AN £
~ & - P t 150 - % /h' J =
250 T < __.' Z 100; ("\I {'1‘ E
- . . : 't ]
200— ' sl Eur. Phys. |. C (2014) 74:2883 My / E
- — s 4 2 o 0 2 2441 4 4 08 l g Foyog-y-nal
u . 300 400 500 600 700 800
150 - e [ev]
u \ .
- A 3 For mStop ~ mTop,
-

100 constrains from XS measurement
= L5 D, ELE RURLELELE R LR RUBLELEL Rl R 25
i £, ATLAS
| 3 g b \s=7TeV,461"
11 111 4 Nt : i -1
© =2 Expected limit +1¢6
c 3__ exp
m, [GeV] 2 - Observed limit +1 o;':f;
c 25F ~ o P
. o S E > ty, m(x)=1GeV ..~
® Signal similar to WW / tt backgrounds T S
ar T
(.c), 1.5 o et
Stop mass > 670 GeV, for massless LSP o b fusNE
O‘S&LIAI-ALAI v lacgaasl TR B
170 \180/ 190 200 210 220 230
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Measurement of Spin Correlation in tt Events

® The measurement of spin correlation A between the t-tbar Nor + Ny — Nyp — Nyp
pair is carried out in events with 2 leptons A= Nir + Ny + Nyy + Nys

® standard top di-lepton selection applied

® The strength is determined from the angular distributions = 16000 . Gaa ™ a7 ae B

, , , o 19000 "« Data ATLAS Preliminary.
of the top’s decay particles, A (l+, 1-), in the lab frame £ 14000 [Jsm  wsonani =
@ 12000~ [ :ti(A=0) : =
g \s=8TeV .
. . . . ) 10000 [ Background =
® Orientation of the top spin of top quarks produced in pairs 80001 | |TE.. 180 Gev | J_,_f='=‘='f
is sensitive to pairs of stops 5000 e
4000f ' :
® The first measurement of spin correlation in t-tbar pairs at 2000
Vs = 8TeV is re-interpreted as a search for stop pair 12
production in a region of parameter space mostly o 1
unexplored N
0.9f
0.8t
0

® stop mass ~ top mass

® stop into RH-top quarks and a light neutralino

Zoltan Gecse (UBC) ATLAS-CONF-2014-056 24



Measurement of Spin Correlation in tt Events

® Two templates, with and without spin correlation,

are constructed and fitted to data.

® Backgrounds modeled from MC

e A=0.38 % 0.04,in agreement with the Standard

Model prediction (in helicity basis) A

Source of uncertainty Afsm
Detector modeling

Lepton reconstruction +0.01
Jet energy scale +0.02
Jet reconstruction +0.01
Emiss <0.01
Fake leptons < 0.01
b-tagging < 0.01

Signal and background modeling
Renormalization/factorization scale  +0.05
MC generator +0.03
Parton shower and fragmentation  +0.06
ISR/FSR +0.06
Underlying event +0.04
Color Reconnection +0.01
PDF Uncertainty +0.05
Background +0.01
MC statistics +0.04
Total systematic uncertainty +0.13
Data statistics +0.05

Zoltan Gecse (UBC)

= 0.318+0.005

helicity

Process Yield
1t 54000* 350
Z[y* +jets 2800 + 300
tV (single top) 2600 + 180
v 80+ 11
WW,WZ,ZZ 180 + 65
Fake Leptons 780 + 780
Total non-7 6400 + 860
Expected (E) 6000073500
Observed (0) 60424
I 1 I 1 7100 £ 1100

(m;, = 180 GeV, mgyo = 1 GeV)

o)
&
-
o
2
0
o
b
="
1=
Q
Q
S
©

Stop mass below |91 GeV

are excluded
for mLSP=1GeV

ATLAS-CONF-2014-056
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e Xy )
TR NLO+NLL prediction !
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Searches for Electroweak Production

] T 1= ~:t
: p X1

o,/pb]: pp = SUSY

VS =8 TeV
p %

>
~ 1
p X1
200 400 600 800 1000 1200 1400 1600
m [GeV]
average

- F
p X1
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Search for Electroweakinos

Challenging searches due to very small production cross-section and significant irreducible
background from diboson but highly motivated as electroweakinos expected to be light

ATLAS Preliminary 20.3 fb, s=8 TeV Status: ICHEP 2014

3
S

- — 0 via T/, 3), arXiv:1402.7029 - = = « Expected limits
| —— %, Via /Y, 2elp, aXivi1403.5294
— ke Via T /¥, 3l, arXiv:1402.7029 o

T via T /5, =2v, anxv:1407.0350 All limits at 95% CL

- Observed limits

%L

m:=o [GeV]
S
o

N B

— Y%, Via TV,  22v, arXiv:1407.0350

- %% via WZ, 2e/u+3), arXiv:1403.5204

— F,%0 via Wh,  e/ubb, ATLAS-CONF-2013-03
%, %o via Wh, 3l, arXiv:1402.7029

— %, via WW,  2e/p, arXiv:1403.5294

O.'.‘ - - - -

400

3
—t

300 [ MnsOSmE M)

200

llllllllllllllll
A
-

\

)

1

N
g ]
— ra - - A ) ']
& .
1
T
]
1

L .I
0 lL"lll lll‘!llllllllllllllllll

100 200 300 400 500 600 700
ms: (=m3) (GeV]

Electroweakino mass > 700 GeV in models with light sleptons

Less stringent constraint at ~400 GeV when only staus are light
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Search for Electroweakinos

Challenging searches due to very small production cross-section and significant irreducible
background from diboson but highly motivated as electroweakinos expected to be light

m 32 [GeV]

ATLAS Preliminary 20.3 fb, s=8 TeV Status: ICHEP 2014
600

- — e Via e, 3|, arXiv:1402.7029 - = = - Expected limits

- T 4k viaT/v,  2efu, anxivi1403.5294 —— Observed limits

- — Yk Via TV, 3, arXiv:1402.7029 o
900 [~ —— 770 via %/¥,,  =2v, arXiv:1407.0350 All limits at 95% CL

| —— %%, via T/¥,  22t, arXi:1407.0350

- %% via WZ, 2e/u+3l, arXiv:1403.5294
400 [~ %% via Wh,  e/ubb, ATLAS-CONF-2013-093

- %, %o via Wh, 3, arXiv:1402.7029

" —— %, via WW,  2efu, arXiv:14035294 .

~ m~ . =0.5(m3°+m:9) , o S
300 — WR©V LUK Lot T J

- ,° - 9 '

: . i .- - )//@\* '42‘(\_‘;&‘ \‘

: B TR S ¥) \

» o, )
200 :_— 6\\" /6\)\ : “
oo 7 s - -

i ‘ Ma" s .

- b2 A e m S . . '

= " /1' s - s‘ \‘ '
100 - e e —— - . '

— "' o ' -. - ‘I ‘| :

,_. e - -~ . ' l‘ : N

- ‘.-f-‘ . - ‘ [ B l‘

. ]
O‘IL"llJ lll‘!llllltlllllllll.lill
100 200 300 400 500 600 700
mz (=mz0) [Ge
7 (=m39) (GeV]

ATLAS e LWL
JLmemanm’, ssoTev L N
= Cbsarved mt (11000 ' |

S Expected imi (t10,.) N, A\
300 B LeP2 b lf&%.g ‘
AN bemas o BN CL % \\
250 £
200 7 ooy -E-
- g

a
1l A

100 Sddadai gt le syl
100 150 200 250 300 350 400 450 500 3

K (GeV)

Dedicated search for

Higgs in decays needed for
wino like EVWK-inos

Electroweakino mass > 400 GeV in models with decay via gauge bosons (heavy sleptons)

Zoltan Gecse (UBC)
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Higgs Bosons as Probes for EWK SUSY: |Lbb channel

B aludadtisiadidiibitivid i

Zoltan Gecse (UBQC)

Search based on events with |IL and two b-tagged jets

Signal from background discrimination based on ETmiss, mT, and

mCT observables and by binning in mbb

Dominant backgrounds are tt and W+ determined

from simultaneous fit of MC based prediction to data
in dedicated control and signal region sidebands

a

—
(=}

Events / 15 GeV
Ei

ATLAS Preliminary *Data [l Wsjets
" (s=8Tev,203f" = Total SM [l Single top :
it Other

..... ML) = (250,0) GeV

105 < mpp < 135

-----
- -—-

All systematic uncertainties are accounted for with o | —
nuisance parameters constrained within their Z ofF N e W R g
uncertainties 1 sy 4 :
8 0:-‘AA-A..LAA-LALLL...AA‘.AA,,jA‘
. . _ o 40 60 80 100 120 140 160 180
® Dominant uncertainty tt modeling ~25% my [GeV]
SRebb-1  SRebb-2  SRebb-1  SRebb-2  CRB-T CRO-W  VREb-1  VREbb-2
105 < mypp < 135 myp sidebands
Observed events 4 3 14 10 625 1547 885 235
SM expectation 6.0+1.3 28408 13.1+24 89+1.7 642+25 1560+40 880+90 245417
t 38+1.2 14407 80+24 3.1+14 607+25 68060 690+90 141+18
W + jets 06+03 02+01 27405 1.7+03 11+ 2 69060 99+12 62+ 8
Single top 1.3+04 0.7+0.4 1.9+0.6 25%*1.1 20+ 4 111+ 14 80410 27+ 4
Other 0.3+0.1 05+01 05+01 15+02 4+ 1 76+ 8 16+ 2 15+ 1

ATLAS-CONF-2014-062
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Higgs Bosons as Probes for EWK SUSY: ILYY channel

® Search based on events with |L and two photons
® Primary vertex selection is based on a neural network algorithm based on
tracks associated to each vertex and the direction of flight of the photons
, ® Signal from background discrimination based on ETmiss, mT(WYi),
v and A(W, h) m¥ = \/(m}")2 +2EVEY - 2pW . "
. T S 1 :
. . . © _F ATLAS Preliminary —— Data 3
® myyY distribution of non-Higgs O 6 a8 Tev, 203" .
backgrounds is modeled with an o s — FittoData -
exponential function @ f :
c 4 g7
@ L a
4 F :
® Higgs backgrounds are modeled with % :
Crystal Ball function obtained from 2 =
fit to MC samples N HIew =
® Results of the background estimate foo™ 10120130 140 r:li,o[Ge\}]SO
are obtained from the fit to the
sidebands on|y SRyv-1 SRe~yvy-2 VRAyy-1 VREyy-2
Observed events 1 5 30 26
. . . . . SM expectation 1.6 £0.4 3.3 £0.8 30.2+2.3 204+1.9
® Dominant uncertainties are statistical
¢ ch deband Non-Higgs 0.6 £0.3 3.0 +0.8 292+23 19.8+1.9
rom the mass sidebands Wh 0.85+0.02 0.23+0.01 0.71+0.02 0.29+0.01
Zh 0.04+0.01 0.02+0.01 0.14+0.02 0.05+0.01



Higgs Bosons as Probes for EWK SUSY:2 SS channel

g R R

® Search based on events with 2 same-sign (SS) leptons

P

® | to 3 central jets, no b-tag with 80% working point, no forward jets

5 ® Signal and background discrimination based on ETmissRel, meff, mTmax, mlj mljj

FrrfrrjJ Iy YTy yYrYrr1rrryryYyYYYrTyYyrrryYyrry T

. . . . E 16 AITLAS l;reliminrary o
® The dominant irreducible background (WZ, ZZ) is S 14f ol L L
determined from MC 2 12k % ToaisM [Omer 1
g f EIWW  [ZINonprompi ]
l..%: 10 . m(i"i';jf')-uso.O)Gev =
® Non-prompt component estimated from data with 8f
Matrix Method :
af
. . . . . 2F
® Charge-flip contribution estimated from MC applying ¥ _.
charge-flip probability obtained from data = 2 I 7
» 1.5—~--j *+ ; ‘ 7 A
. : , e IR B s &
® Background modeling is validated in VRs % 100 200 300 400 500 600 700
my [GeV]
SRee-1 SRee-2 SRyp-1 SRyupu-2 SRep-1 SRepu-2 ;
Observed events 2 1 6 4 8 4
SM expectation 6.0 +1.2 2.8 +0.8 3.8 0.9 26 1.1 70 £13 1.9 +£0.7
Non-prompt 34 £10 16 +05 000+020 03 +04 3.0 £09 0.48+0.28
WZ, 27 22 +06 07 £04 34 +08 18 +09 33 +08 11 +0.5
WW 0.33+0.31 0.22+0.23 0244029 04 +05 04 +04  0.23+0.26
Other 0.13+£0.13 0.31+0.31 0.14+0.14 0.06+0.06 0.19+0.17 0.09+0.08

Zoltan Gecse (UBC) ATLAS-CONF-2014-062 3|
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Higgs Bosons as Probes for EVWWK SUSY

> ———

I L L]

Frrrrrrrt
- ATLAS Preliminary \s =8 TeV, 20.3 fb™ E
== Observed limit (£ 1605
=== Expected limit (£ 10,,,)

All limits at 95% CL

Combination

l 1 1 1 1 l 1 1 1 1 l

L lllllll

1
1

-
-'.

~—¢bbobserved limit -
—*¢* observed limit ]
—¢yyobserved limit |

"X X, > W, b, m,=0GeV —3¢ observed limit
1 L 1 l L L L 1 l 1 ‘l 1 ] l 1 1 1 1 l 1 1 1 1 l
150 200 250 300 350
m. ig[GeV]

For chargino mass < 170 Ge)

Combining 3 channels + 3L search

60

40

20

For chargino mass > 170 |L+bb channel dominates

T 1 I I 1 I 1 I 1 ] | | l ]

—{s=8TeV, 2 b -
[ 1s=8TeV,20.3 1 ——— 3¢ observed limit -
. Combination £4¢* observed limit i
N i* io > W io h io £yy observed limit N
M M2 1 1 o )
L m.=m £bb observed limit )
I A Al limits at 95% CL |
i o :
- k y -
a— Q —
= &N -
- ’ {I-’ ‘\\ —
: R o \ )
- o \ —a
[ W\ —
- DY |
- %\ 1

Mg 1

‘11111111111‘41

I 1 I I ] I 1 I

i — ov— limit (£165°5")
- ATLAS Preliminary ~ ohesre A 1 o)

Expected limit (£10,,,)

150 200 250

Electroweakino mass > 250 GeV , for massless LSP

in models with higgs in decay

300 :
m.,o ~t [G eV
XX,

350

ATLAS-CONF-2014-062

| L+bb sensitivity varies slowly due to decreasing XS and increasing acceptance
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Long Lived SUSY

® R-parity violating scenarios with lifetime /
: displaced / /7.
In [o. I - I] ns vertex ;// /"-—""
® J|ong lived neutralinos due to small RPV couplings p”mvaerr{g

ATILAS-CONF-2013-092

5+ : : ~ 0 +
. %1~ decaying into X +m

high-p; charged particle
interacting with TRT material

® R-parity conserving scenarios with lifetime
> 0.1 ns

low-p; charged particle scattered
in materials resulting in badly

\ measured track pp

\ reconstructed track

® compressed scenarios, small mass gap between T | true partcle track

EWK-inos (AMSB like) Pl SCT T Phys. Rev. D 88, 112006 (2013)
stable massive
® meta-stable and long lived gluinos due to heavy particle
slow (B<1,

squarks (R-hadrons) long time

of flight) /" penetrate

® Long lived sleptons/neutralinos due to small a detector

coupling to gravitino

Zoltan Gecse (UBQC) ’ " 33
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Heavy Long Lived Particles

o> ——

® Heavy long lived particles are predicted by Split SUSY, GMSB, LeptoSUSY, ....
® Final states containing long-lived sleptons, gluinos, squarks, charginos

® Heavy candidates move measurably slower than speed of light

® Mass m=p/PY used as discriminating observable

® Dedicated timing calibration and MC smearing using Z— U events

BY from dE/dx measurement B from time of flight B from time of flight
in Pixel detector in calorimeter system only in calorimeter and muon system
10~ p 10°
T i o8 3 10057 3
S of S ATLAS S g0 ATLAS |
R g 8 I s=8TeV, 1911’ ? . s=8TeV, 1911
> . @ 70
ot 2 ¢ Data2012 S 60> 4 Daa2012
T 6 60- B = 1.001 3 B=0.999
% 5: 103 3 6, =0.079 50; o, = 0.024
Z —t= MC, Z— up 40- —— MC, Z->up
4k . | _ - = 0.
. : 102 40- p=1.004 30 ey
Sk o, = 0.080 : 0, = 0.024
2 0 20 ; ' %
1 L 10:.1
:" Bevehn .. o | A — :.r;.’i:il—. 1 8 eSus . FEETE FEEE. iadiaal L1l 8_
85 5.15-1-050 05 1 15 2 25 4 05 06 07 08 09 1 11 1.2 13 1.4 6 07 08 09 1 11 1.2

qp (GeV) b | | B

Zoltan Gecse (UBC) arXiv:1411.6795
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Heavy Long Lived Particles

@ 10°E

3 oo : :
S e ATLAS D e
o \ - kg estimate £ 1o (syst) 1
-y P * s=8TeV, 0.1 - m. =400 GeV '
® FEvents selected by ETmiss and muon triggers £ f % 3,y = 800 GeV
® L 14 ]
2 IO .
® Track pT and quality cuts S 1y 'w E
® Z-veto, cosmic veto, isolation requirements oL RN g
® Signal regions with 1/2 candidates and B, By, mass cuts Ll ;
- 3: FEn i l ! | - 4:%
® Background estimation e 2 Ll |
‘OcB' 150-9¢ .0“,. J o
: : : 0 !
® dominant background from high pT mis-measured muons 0 100 200 300 400 500 600 700
min(m_, m,) [GeV]
o Ren * ata -
® data-driven estimate based on random pairingof pand B 8 © amas Big estimate & 1 (syst)
9 10° E” s=8TeV, 19.1 b’ Expected signal, 11\;-500ch
® Systematic uncertainties § F :
@ 10° = o 3
E e
® Trigger efficiency of signal Ey N
10»::' [ f&’_’,o . =
® 3 calibration i el g T
1k ‘ . o 1 1 . .
e |Initial state radiation for R-hadrons signal . - .
107 & H
o 3 S EEE I E
® ETmiss for charginos signal @ 2 llrt!
© 1 LR R I | .‘
a | AR |
% 100 200 300 400 500 600 700 800
m, [GeV]

Zoltan Gecse (UBC) arXiv:1411.6795 35
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i R-Hadrons 7
- full-detector gluino -

= theory prediction
B expected imit + 10
------ expected kmit + 20
—e— observed limit
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| |
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' T 'S DU
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ATLAS :
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£== theory prediction

B expected limit + 1o
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Heavy Long Lived Particles, Results
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o
TT]

l' L] T L ‘[ I_‘

' 13 L] ] T L] '
ATLAS }
s=8TeV,19.1fb" .

R-Hadrons 1
full-detector stop -

§== theory prediction
B expected limit + 10
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—e— observed limit
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l 1 | 1 1 1 1 J ] 1 1 ] l
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i theory prediction 88 tar=10 |
expected himit | ESl
w4 20
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i
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Meta-stable Gluinos

vvvvv

JHEP 1302 (2013) 126

® Promptly produced gluinos have been
excluded up tom ~ [.3 TeV

4.  Prompt Gluino Decays

® Split SUSY models predict a metastable

Gluino Mass in TeV
W

.~ m>L3 m >1.3
gluino ) TeV TeV

' Collider-Stable

| Gluinos
® gluinos hadronize into color-less R-hadrons I A : A

Scalar Mass in Logw(%)
® gluinos decay into quark pairs (including top)

0

~ - o0 oL L
or gluons, and neutralinos - el AL 'j‘(ll,#"OQG'fV' .
& 1600 il ATLAS [Ldt=2031"
. . :%; B Preliminary Combined
® The canonical search for prompt gluinos & | ==== Expected limit (+10,,)
. . . 1400 — . * ==z Observed limit (£10°0%)
in events with O leptons provides some E & ; : SRRy '
o ) P-
sensitivity to metastable gluinos but 1200 =, . * - 26JetsExp.

dedicated search is essential for lifetime

> 100 ns F

800 [—

® drop in sensitivity due to gluinos decaying E
outside the calorimeter or inefficiency of jet o - . . . e
requirements, e.g. charged or EM fractions ol o ’ L 1 1 A
2 3 4 5 6 7

Lifetime [loq10(ps)]

Zoltan Gecse (UBQ) ATLAS-CONF-2014-037 37




Non-pointing and Delayed Photons probing GMSB SUSY

S —M

® Gauge Mediated SUSY Breaking with mass splitting F(X . XG) ms (1-— m%)
scale F predicts long lived neutralinos decaying into a “ X

gravitino and a photon
® non-prompt decay for large F »Y

® |[f decay time > 0.5 ns, decay can occur after first layer of
calorimeter ~0 P » G

® The non-zero decay angle between long-lived

neutralino and photon results in an EM shower that - . -
does not point back to the PV Z o o
AZ,
® The extra path length also results in the photon arriving - T e
delayed compared to a photon from the PV 8 — sremetaoe
SOOB SPS8 4’\3320 TeV
o
® The neutralino mass increases with SUSY breaking So.08-
o
w
scale A\ = 0.04F
B distribution shifts to lower values 0.02]

Neutralino p

Zoltan Gecse (UBQC) 1409.5542



Non-pointing and Delayed Photons probing GMSB SUSY

2 0.55
c
i i i in = | ATLA MB 1<0.4, High gain

® If long-lived neutralinos produced in SUSY decays, events contain § 5, A™AS +;:*?1_;ng,}_3"2§6 .
. o . o o - 4 1
two non-pointing photons, and large ETmiss from gravitinos 3 fLat=2031 - 68 <04, e
2 0.45- p =2550p =029
: _

® The signal from background discrimination is based on photon = 949
pointing and timing information 0.35/- .
: . . 0.30 TS — T
® LAr Calorimeter has excellent timing resolution | —F:
0.25 :

50 100 200
Cell Energy [GeV]

m,
—A
o
N
o

® Timing measurement is obtained from cell with the maximum energy

—160
® The resolution is determined to be 300 ps, with 220 ps from the spread of £
T | Z- D
colliding bunches g1 ng.T;?VS ¢ free b
?3) r J. ' Z->ee (MC) ]
8120 SAmBIBT, spsame ‘
® Calorimeter pointing resolution estimates the error on the AZy 2,/
measurement using calorimeter shower £ |
80— -1
® Signal region is defined by ETmiss > 75 GeV s -
40:* 'e -
. “-
® (CRs: 20GeV < ETmiss <75 GeV 20/ 0n¥®
0 ——~f00 200 300 400 500 600 700

lzo.'lgll‘.l [m m)

Zoltan Gecse (UBC) 1409.5542 39



Non-pointing and Delayed Photons probing GMSB SUSY

ao————

® The signal regions are defined based on AZy

Source of uncertainty Value [%)]
° | h si | . ival ti t) t lat Integrated luminosity + 2.8
n each signal region, arrival time (ty) templates are Trigger efficiency g
fitted to data Photon Er scale/resolution + 1
Photon identification and isolation + 1.5
. . Non-pointing photon identification + 4
® Background templates obtained from ETmiss < 20GeV data ,missp & PR
T reconstruction + 1.1
Signal MC statistics + (0.8-3.6)
® Fitting boundaries optimized over signal grid Signal reweighting + (0.5-5)
Signal PDF and scale uncertainties + (9-14)
e Different boundaries required for neutralino with small and
large lifetimes
E - - ] T,.,TT T T T T ~ TT T T — T T - 8 [Y'Y'I'Y'Y'Y'Y"?Tff'.'TYY'Y'Y'T'T'Y'Y'Y'?
Q 1 +-DaaEr” <20Gov ATLAS . g 1l o Suaer<20w ATLAS -
@ [ - A=160TeVt=025ns § s =8 TeV 3 8 A= 160ToV v = 0.25 s W e 1
o = ot As1 =1 S| -
- oo Lot |- S | f Ldt=203 1" £ [ U Acie0Tevi-25ns % f Ldt=203M0 1
Wgrl. — A=160ToVv=25ns :g %10"“5 AE1B0eVixs 25 1s TR SN .
» ‘ 5 .| P
210 = 210.2’&_’ ,I A 3
. S T |
10° o 4
107 : * E
'3
o° [ ek K ]
| # T |
S Al E
105,__ A l LAl 1 Al | | ll L | 1 A ‘[ L L ..1.-.1...3.-.)*}.‘.]..5 l- AL .‘ PR S - 1‘ l l+ A A ...L...._E
2000 -1500 -1000 -500 0 4 X R R 1

Zoltan Gecse (UBC)



Non-pointing and Delayed Photons probing GMSB SUSY
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Summary and Outlook

® ATLAS developed a vast program including searches for strongly- and weakly-produced
sparticles under the assumption of both R-parity conservation (and R-parity violation)

® scenarios with prompt, metastable, and long lived sparticles are explored

® interpretation of search results is done in the context of simplified, phenomenological, and complete
models

® |n canonical scenarios, sensitivity is achieved to ~1.2 TeV gluinos, ~700 GeV stops, and of
~400 GeV EWK-inos

® significant improvement of sensitivity to compressed and challenging scenarios thanks to innovative

experimental techniques
Cross section ratios: 14 (13) TeV / 8 TeV

. . 11 (for13TeV /8 TeV: 8.4

® The reach for strongly produced SUSY is stop pair (0.7 TeV) f ’ '
expected to increase significantly at Run 2

P & 4 stop pair (0.9 TeV) ( ‘16 (for 13 ¥ TeV: 12)

® The HL-LHC will allow to ultimately probe  quino pair (1.5 Tev) f P72 tor 3V / 8ok 40

the TeV scale and Natural SUSY (13 / 8: 2700
gluino pair (2.5 TeV) r ‘ 5700
1 10 100 1000 10000
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SUSY at Run 3 and HL-LHC

® [4TeV allows to probe heavier SUSY and 300/3000 fb-! crucial for EWK processes
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Search for Pair Production of Sbottoms

® 2b + ETmiss
® Binsin MCT
b
p -
,,) 3 \*(:
o
. - ~ ()
b \]
P
b
6OOSbottompair production.s,—-bi.;
tvttlitlr'tlir]" a2 Y
§ E ATLAS —— Observed limit (=1 o:'u:q) g
~ A _ |=== Expected limit (=10, o
£ 500 _—fLa:=20.1 o', Vs=8 TeV s d B
E B cor2esn’ ]
: Al limits at 95% CL {:]005.2b" g
400~ —— ATLAS 2,05 o, {s=7 TeV -
wo: 44444 \\ X

| |

Stronger w.r.t.
charm squark

llllllllll

200 300 400

Zoltan Gecse (UBC)

m
JHEP 10 (2013) 189 |

500 600

® 21(SS) + b+ ETmiss + Meff o OL + 3b + ETmiss + Meff
® 3L+ ETmiss + Meff ® Sensitivity limited by ETmiss
in compressed region
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Searches for Pair Production of Stops

¢ Key to naturalness but challenging!
® The cross section is suppressed, |10pb to Ifb from 200 to 900 GeV stops

® The sensitivity is highly dependent on the decay mode, the mass hierarchy of sparticles
participating in the decay (and to some extent on the stop “handiness”)
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o Ny
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Search for Stop decaying into Charm and LSP © .~

® Search based on requesting one c-tagged jet or Initial State Radiation jet to 57 4 Logps Lo

boost the system

, : p
signal region
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Scenarios with Light Sleptons or Light Staus

® The search for light-flavor sleptons is based on events with two leptons, ETmiss, large
ETmissRel, MT2 and the one for staus relies on hadronic taus, ETmiss and MT2

o \'1‘ E 208 "' Ahcarvad Emi (41 <SUSYy
p : e T
"% = = Expected limit (+10,,,)

[~
v
3 == . engOs0 N
;‘ 350_] L B | rfrrrr[rrrrrrroro) § 1 ”"ffl,l,. mi‘.OGeV
- N o ‘
(3_ - ATLAS —— Observed limit (+105us) ] 2 [ Ldt=20.3 10", f5=8 TeV
E'?x’ 300 /Ldt=2030" 1s=8TeV e Expected limit (+1c,, ) - * ATLAS
- '(“'( n '7‘:"7!: - LEP2 ﬂn excluded .
i All limits at 95% CL 1
250 - P -
N 7 .
" P / . .
200 — 22
- )’) / - ‘6
- &N T - G 1
: ol 1 &,
- s 1 £,
N ) E
- - (_)j 1
100 - § 1
- -
l Ll Al L l LA 1l 1 Ll Al 1 l LA L 1 l L l': A ‘L l Ll 1l ]

0
100 150 200 250 300

Probing light sleptons beyond LEP at LHC
First sensitivity to pair produced staus at hadron collider

Zoltan Gecse (UBC) JHEP 05 (2014) 071 | JHEP 10 (2014) 096 48




SUSY with R-parity Violation

Violation of R-parity allowed as long as either the lepton or the baryon number is
conserved

L-number violating terms

MSSM L r C _ T C HC N"C
potential P iLj By i Dj Dk,
bilinear terms B-number violating terms
RPY Y v \
couplings |
AR ¢ d

RPV can be at the production vertex
and/or at decay vertices 7 ut

T
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Search in events with
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R-parity Violation

Search in events with

> 4 |eptons, large
MET or MEff

Events / 250 GeV

Events / 50 GeV
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Grand Summary of SUSY at ATLAS

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

Status: ICHEP 2014 Vs=7,8TeV
Model &MY Jets ET™ [Ldqm™) Mass limit Reference
L v v Ll ' L L L v v Ll L Al l’ v v Al Al v Ld v
MSUGRA/CMSSM 0 28jets  Yes 203 |@i@ 17TV  ™@)e-mi) 14057875
MSUGRA/CMSSM 1ep J6jets  Yes 203 |B 1.2 Tev any m(§) ATLAS-CONF-2013-062
MSUGRA/CMSSM 0 710jets  Yes 203 |@ 1.1 TeV any m(g) 1308, 1841
3, §-oF; 0 26jets  Yes 203 |@ 850 GeV miE)w0 GeV, m(1* gen. Jumi{2™ gen. 1405.7875
2, g-.@)?“ (i 26jets  Yes 203 |B 1.33 TeV i )0 GaV 1405.7875
rif e ~gqW"%) Teu  36jets  Yes 203 | 118 TeV 1) <200 GaV, miF )0 SimiET}em(z)) | ATLASCONF-2013.062
28, "gq?(«/lv/w)i. 2eu 03jets - 203 |k 1.12Tev mE))=0 GaV ATLAS-CONF-2013-089
2ep  24ets  Yes T yE O 124Te tang<15 12084588
GMSB (I NLSP) 12r+01¢ 02jets  Yes 203 | 16TeV arp>20 14070603
GGM (bino NLSP) 2y . Yes 203 | 1.28 TeV miE])>50 GeV ATLAS-CONF-2014-001
GGM (wino NLSP) Teu+y - Yes 48 mii|)>50 GeV ATLAS-CONF-2012-144
GGM (higgsino-bino NLSP) Y 15h Yes 48 mE)>220 GeV 12111167
GGM (higgsino NLSP) 2eu(Z) 03jets  Yes 58 m{NLSP)>200 GeV ATLAS-CONF-2012-152
Gravitino LSP 0 meno-jet  Yes 105 m)>10 oV ATLAS-CONF-2012.147
i 0 3b Yes 201 |E 1.25 TeV miE) <400 GeV 1407.0600
2 0 710jets  Yes 203 |B 1.1TeV mE) <350 GaV 1308.1841
* 3-.;@ Olepn ab Yes 201 @ 1.34 TeV naélaooc-v 1407 0600
MRe o hiE; Olep b Yes 201 |B 1.3TeV mii})<300 GeV 1407 0600
bk, 5.-obi° 0 2b Yes 201 |5 100-620 GeV nmaoo.v 1308 2631
5151,51 -‘lf' 2’-[‘ (s) 03 Yes 203 ‘l 275-440 GeV 1404 2500
Ry (ight), F—bF 12e4 126 Yes 47 |is 110167 GeV. u&“»-ssoov 1208.4305, 1200.2102
i,y (ight), /W] 2ep 0-2jets Yes 203 |7, 130-210 GeV mEY) wmif, }en(W)-50 GeV, m(F,)<<mi¥!) 1403 4853
B i (medium), 7) ek 2ep 2jets Yes 203 |i 215-530 GeV it )1 Gev 14034853
| by (medium), 29" 0 2b Yes 201 | 150-580 GeV miE|)<200 GeV, miF! -mii’)=5 GeV 1308 2631
i,y (heavy), 7, —+ Teu 1b Yes 20 |hi 210-640 GeV )-oGov 1407 0583
i hoavy), iy s o 26 Yes 201 |& 260-640 GeV mii)0 GeV 1406.1122
iy, yscts 0 monojetictag Yes 203 |, 90-240 GeV (¥)<8S GaV 1407 0608
niy(natural GMSB) 2e,ulZ) 15 Yes 203 |7, 150-580 GeV uf%’:wocov 1403 5222
hiy, =iy + Z 3eul?) 1b Yes 203 |i@: 290-600 GeV ) <200 GeV 1403 5222
bnbig, i8] 2ep 0 Yes 203 |? 90-325 GeV m(E)e0 Gov 1403 5294
K&y & W) 2o 0 Yes 203 |E 140-465 GeV miE)e0 GeV, mi2, #90.5(m(E! Jem(E)) 1403 5294
i.i xr, —(t¥) 2r - Yes 203 |x¥ 100-350 GeV 110 GeV, mit, 9)0 S(m(E] )omi? ) 1407 0050
E _.:v;g, }w). &, L) Jep 0 Yes 203 |EhE) 700 GeV ] JemiE ), miE? )e0, mi2, 7)e0 SimiE] )emi’)) 1402.7029
P 23e 0 Yes 203 |EhE 420 GeV oG} o), mif? )0, slopions deccupled | 14025284, 1402.7029
lep 2b Yes 203 l‘.d 285 GeV ] Jumn(EY), i )e0, slopicns decoupled | ATLAS.CONF-2013.083
i‘s,r’) -J.t dep 0 Yes 203 d, 620 GeV M2 )emiE}). m(E})=0, mi2, #e0.5(m{e3)em(E])) 1405 5086
Direct ¥, ¥, prod., longlived #] Disapp. trk 1 jet Yes 203 |& 270 GeV miE! )mif)=160 MV, (T} )=02 ns ATLAS-CONF-2013-069
Stable, stopped § R-hadron 0 15jets Yes 279 |B 832 GeV 1)=100 GeV, 10 ps<r(H)<1000 5 13106584
GMSB, ;}pﬁ p, @ yerte ) V2H . - 189 1 ATLAS-CONF-2013-058
X1 —yC, long-lived £ 2y . Yes 47 0.4<r(F))<2 ns 1304 6310
29, 72 —qau (RPV) 1 p, displ. vix - 203 |3 1.0 Tev 1.5 <cr<156 mm, BAGe1, mii1)«108 GeV | ATLAS-CONF-2013-092
v inrer e e | — . e iz 1272
LFV ppsbs « X, Prve(p) 4 T Teusr . . 46 &, #0.10, A2y #0.05 1212.1272
Bilnear RPV CMSSM 2e,p(SS) 030 Yes 203 |4k 1.35TeV mPem(@), crisr<! mm 1404 2500
E XX, .X. —WE Y,—O«O,, b, depu . Yes 203 |5 750 GeV miE])>0.2xmiE]), 2,5, #0 1405 5086
KR, B Wk ¥ s, er9, Beper . Yes 203 .é 450 GeV mE)>0.20mE ), 213340 1405 5088
24999 0 6-7 jets - 203 |2 916 GeV BRA()=BR(H)=BA(c)=0% ATLAS CONF-2013-091
RBeiyt, i —abs 2e4(88) 03b Yes 203 |& B850 GeV 1404 250
Scalar gluon palr, sgluon—+gd 0 4 jots - 46 |sguon 100287 GeV Incl. bm from 1110.2683 12104826
. Scalar gluon pair, sgluon -+ ze.p(S) 2» Yes 143 | sguon 350800 GeV ATLAS-CONF-2013-081
WIMP interaction (D5, Dirac y) Yes 10.5 miy)<B80 GeV, mt ol<E87 GaV ¢ 08 ATLAS-CONF-2012-147
A A l A A A A A A A A l A A A A A A A
ﬁ- 8 Tev -1
R - 10 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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