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Final states with jets + EXs (+ leptons) = R-parity conserving models
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Production of SUSY particles at the LHC
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> The production cross-section at the LHC for 8 TeV versus the mass of
the different types of SUSY particles




ATLAS SUSY Searches* -

Status: LHCP 2013

95% CL Lower Limits

ATLAS Preliminary

JLdl =(44-207)fb" is=7,8Tev

Model eu 1,y Jets 1'" ILm b Mass limit Reference
MSUGRACMSSM o 26jels  Yes 203 |&§ 18TeV m@-mia) ATLAS-CONF-2013-047
MSUGRAICMSSM ten 4jets Yes 58 mig=mg) ATLAS-CONF-2012-104

0 TAORls  Ves 203 [g TATeV any (@ “ATLAS-CONF-2013-054
o 26jels  Yes 203 |§ 740 Gev mZ)=0Gev ATLAS-CONF-2013-047
0 26jets  Yes 203 |§ 13TeV @) =0Gev ATLAS CONF-2013.047
gg Te, Zaps  Yes a7 ) < 200 GV, 7 ) = O8I (d
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GGM (higgsino NLSP) 2ew@  03jets e 58 (> 200 GV ATLAS-CONF-2012-152
Gravitino LSP. 0 mono-jet Yes 105 m(G)> 10" eV, ATLAS-CONF-2012-147
< oy Gobby? o 3b Yes 128 n ATLAS CONF-2012-145
g Blon ZenEs  03b Mo 207 300 Gev. it < 500GV ATAS GONF 2015.007
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S ool 0 3b Yes 128 () <200 GV “ATLAS CONF 2012145
b2, bz o Yes 201 |g, 100-630 GeV. )< 100 GV ATLAS-CONF-2013-053
by b 20.u88) Yes 207 |y 430Gev ATLAS-CONF-2013.007
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14 (medium), t.b; 2e.p Yes 203 |4, 150440 GeV_ m(zt) = 0 GeV, mit)-miz;) - 10 GeV. ATLAS-CON 48,
: § 1, (medium), by o Yes 2011, 150-580 GeV. m(?) <200 GeV, mizm(z<) -5 Gev___| ATLAS-CONF-2013-053
§§ |1  oavy) LT To.n o Yes 207 1 200610 GeV. ATus.coNF-zma»uj[
& £ Lurean, Lot o 2b Yes 205 [ (i) =0GeV ATLAS-CONF-2013-024
il (natural GHISB] Zen @ o Ves 207 |4 500 GeV. ) 150GoV “ATLAS-CONF-2013-025
T st Z 3e.u(2) 1b Yes 207 |§, 520 GeV' mit) = m(x?) + 180 GeV ATLAS-CONF-2013-025.
iLsiun, 1 2en o Yes 203 |7 S m(@t)-0Gev ATLAS-CONF 2013048
N E i xﬁb ) 2e,u 0 Yes 203 |3 1 GeV M) =0 GeV, milv) = 08m(E:) + mGE)) | ATLAS-CONF-2013-049.
ol 1 1'1‘11:\/ () 21 0 Yes 207 | % 180-330 GeV' m($) = 0 GeV, m sim(x) + mz?)) | ATLAS-CONF-2013-028
S 2 S v eu 0 Yes 207 [gh 600 Gev (i) = ), () =0, mil¥) = 05(m(i:) + miz2) | ATLAS-CONF-2013-035
10 - W2 3e.n o Yes 207 [ 315Gev () = M), M(ER) = 0, seplons decoupled | ATLAS-CONF-2013-035
E ﬁ Direct ﬁ nmd \nng dived 0 1jet Yes 47 125G} <10ns 1210.2852
S Q subesh 02e.n o Yes 47 1211.1507
58 omse, s(nb\e \awB 26 o Yes a7 Semn<2 1211.1507
§ oMs8 ZrGiongives 77 2y o Yes a7 o<l <2nm 13046310
S oaurey ton o Yes 44 < ox < 1 m, Gdecoupied 1210.7451
LEV pposv 14X, Veesn 26 o - 48 1,010, 5,,70.05 1212.1272
LEV ppos¥ 11X, Vel s Tepit o - 48 1,010,005 1212.1272
S Biinoar RPV CMSSM o 7jes Yes a7 (3 =@, erp <1 ATLAS-CONF-2012-140
D 37, 1w Ooeevyeny, den o Yes 207 |5 760 GeV () > 300 GV, >0 ATLAS-CONF-2013-036
B T a-wd ghomeon,  Somst o Yes 207 |3 350 GoV. ) B0 GEY. % >0 ATLAS-CONF-2013.036
g—am 0 6iets - 45 1210.481
G-t tobs 2e,1(SS)  03b  Yes 207 |g 880 GeV ATLAS-CONF-2013.007
g Scaler gluon 0 4jets - 46 | sgluon . 100287GeV incl it from 11102663 12104826
Bl Ve nerscton ©3.0c 0 monodet Yes 108 ! m(1) <80 GaV, it of <667 GeVfor D8 | ATLAS-CONF-2012-147
1

Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown. Al limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Summary of CMS SUSY Results* in SMS framework LHCP 2013
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For decays with intermediate mass,

P TP 2 28%
%3 & Miermediate = X Mrgiper(1-X) My,

EWK gauginos

slepton

800 1000 1200
*Observed limits, theory uncertainties not included Mass scales [GeV]
Only a selection of available mass limits

Probe *up to* the quoted mass limit

> CMS-PAS-SUS-018: single and di-photon+jets+MET GMSB analysis
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ATLAS O-lepton, jets, MET (arias-conrForso47)

Targeting models where squarks and gluinos can be produced in pairs and can decay
through  — qx! and g — qqx{; X! is the LSP = Efss

J~<
9 0

Event selection

reject events with hight pT leptons (e or u)
MET > 160 GeV
pT(jet1) > 130 GeV
pT(jet2) > 60 GeV
» discriminant signal / SM backgrounds
meff(incl)
» multijet background
EF™ [mege (N j)
et (N )
A¢(E1}11557jeti)n1in

meff(incl) — Egl_niss 4 Zp]]?t pT > 40 GeV
mesr(N j) computed with N leading jets
= 5 inclusive channels with at least 2-6 jets and

different requirements on EXsS /mey and mif

Backgrounds

- Z(— vD)+jets = large EXiss
- W+jets

W—=1+v
W — e(u) + v with no reco e or p

- 11 semileptonic decays
1t — bbrTvqq’ with T decaying to
hadrons

- single top

- multiple jets = data-driven




CMS 0-lepton, jets, at

CMS-SUS-12-028

Selection criteria (signal region)

> veto events with high pT leptons (e or )

> veto events with hight pT photons to
ensure an all-jet final-state

> jets: pt>50 GeV; the 2 highest Et jets >
100 GeV

> Hr = > pf' > 275 GeV

> Multijet background
art > 0.55
(reject multijet events without significant
MET, or with MET mismeasurement,
while retaining good sensitivity to new
physics)

> signal region divided into bins in Ht

> events are further cathegorised
according to the:
jet multiplicity: 2-3 jets or >=4 jets
b-jet multiplicity: 0,1,2,3 or >=4

Backgrounds

> Wijets, Z+jets
> semileptonic /7

Dijet events: atr = 3 f;TT

= (S ED — (S - (Sph)?

> multijet
Phys. Lett B 698 (201 1) (CMS SUSY OL)
§1oﬁ— ‘ Tems 2uets |

v L dt=35pb",\Ns=7TeV
51055_ Data

E E W Standard Model

QCD Multijet
— i, W Z + Jets
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O-lepton, jets: Results

min! before the final cut
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MSUGRA/CMSSM: tanf = 30, A = -2m,, >0

L
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ATLAS ' Preliminary]

J- Ldt£20.31b', 15=8 TeV

0Orlepton: combined
—— Observed Timit (£1G54SY)

eko)

| _==== Expected limit (+1o,
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el bdrrrbna i b

AR S CE R

L iy P [ L L
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v Ly ]
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MSUGRA/CMSSM model with tan 3 = 30,
Ag = —2my andu >0

values of m; /, < 340 GeV are excluded at the
95% confidence level for my < 7 TeV

> Good agreement between the number of events observed in the data and the number of

events from MC sources
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Sipuacion 299 3
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ATLAS-CONF-2013-047

> gluino masses below
1350 GeV are excluded

> squark masses below
780 GeV are excluded

CMS-SUS-12-028

gluino masses below 1
TeV are excluded

i3
<> squarks masses below
-y

775 GeV are excluded
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Two same-sign leptons

> Search for same-sign lepton pairs (ee,
eu, pp) in final states with MET, b-jets,
multiple jets
> same-sign leptons: gluino-mediated top
squark production — 4 top quarks in
final states for /7 semileptonic decay
> generic analysis that targets many
different models with strong pair
production: pp — 28, G, bb
. ﬁl‘ t ,Ef 7J» Gluino-stop (bjf) degenerate (Jlrazjli;‘.,) ]» # »W:"U(\“
- Lob 7t

Gluino-stop (b7;) on-shell _

L o Gluino-stop (#7) off-shell (1 <t +m;)
L 4 Gluino-stop (#7,) on-shell (M > My +m,)
bs Gluino-stop (bs) RPV

goad  _wrop
e Z(<‘ Tv.v
Lq F2

btz
Loz {

i->9%
L-»E'V.Cf/'

i} rb' 00.vv

i->q9%n

Gluino-squark (via W)

_ Gluino-squark (via slepton)
vy

direct sbottom (rj(f ) fixed .y

direct sbottom (77;") varied M
- !

b direct squark (via slepton)

[ ATLAS-CONF-2013-007

Baseline selection
> same-sign leading leptons

Signal regions

SROb SR1b SR2b
(direct squark) (majority of models)
b-jet veto >1b-jet > 3b-jets
>=3 jets >=3jets >=4jets
> E'l]]"“%

> Mmefr= p,lll +p,IIZ, + Zp[[‘f[ + Efrniss
> mp= \/p¥ ERSS (1 — cos[AD(1, EF)])

Backgrounds

> very low backgrounds

> W/Z decaying leptonically + 17 where at
least one top decays leptonically

> diboson background + jets

> charge mismeasurement: OS leptons
=-misidentified charge due to the radion
of a hard photon followed by asymmetric
conversion

> fake leptons




Two same-sign leptons (ATLAS-CONF-2013-007 ]
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9 4 - . 0 direct squark (via slepton)
(v (v . - vy
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Gluino-squark (via W) Gluino-squark (via slepton) Direct-squark (via slepton)

33 - qaaaww %0, m) = 2 m() 4 decays via sleptons, § § - qaqqli(. ¥ + neutrinos 4 decays via sleptons, 4 - qqqgll(h’ ¥ + neutrinos
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ATLAS 0-lepton, multijets, b-jets, MET

[ ATLAS-CONF-2013-054

B> targeting models where g — 7 +7 — 1 +7+ %0
> final states: large number of jets + MET + no leptons

Event selection o
> veto events with high pT electrons or muons

> large jet multiplicity: from >=7 to >= 10
Multi-jet + flavour stream

> b-jet multiplicity (=0, =1, >=2)
Multi-jet + MY stream

> M7
Final cut on ERiss /\/Hy > 4 GeV!/2

HT _ Z[)]?t pT >40 GeV
M7 = 3, mf="10 (composites jets)

Backgrounds

- multijets : fully hadronic decays of 77 and
hadronic decay of W and Z bosons + jets

- semi and fully leptonic decays of 77

- leptonically decaying W or Z + jets

multijet + MY >=8 jets SR

S
)

Events / 4 GeV'?
o o

T T T T T

ATLAS Preliminary o pata,\s-8 Tev

[Ldt=2031" Background prediction

28 jets, P2 50 GeV [ Multi-ets (inc. ti— qq)
M > 340 GeV [ sherpa ti— qll

W Single top
[ MadGraph tf + V
[ Sherpa Wb

[ Sherpa W (e v

Data/Prediction
o =~
OO D
~ 5
g
++j

6 8 10 12 14 16
EP*/\ H, [GeV"44 /29



0-lepton, multijets, b-jets, MET

3. - ffi;, (On-shell)
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Gluino-stop (off-shell)

g—ot+1+ X W|th unit
probability V|a an
off-shell 7

m(g) < 1.1 TeV
excluded for m(%9) <
350 GeV

Gluino-stop (on-shell)
with fixed m(x9) = 60
GeV

m(g) < 1.1 TeV are
excluded for m(7) < 750
GeV
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95% C.L. upper limit on cross section (pb)

CMS-SUS-12-024

>

T1tttt scenario
m(g) <1000 GeV
excluded for LSP
masses < 250 GeV
T1bbbb scenario
m(g) <1150 GeV
excluded for LSP
masses < 250 GeV
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Two same-sign

leptons

4G production, g &, m() >> m@ 9 producnon - @0, md < m( m() =60 Gev
= [T T T T T T S 1200 T T T
] P~ 3 E z
©, 1200~ ATLAS Preliminary £0 b ATLAS Prellmlnary ES
Bl J'Lm:zuub‘.ﬁ:mcv fE J\m 20.7 ", 58 Tev. £
1000 [ 2 same-charge leptons + Jé 1000 } 2 same-charge lepions &
[ === Observed it ) ¢ == observed imit (=
[ === Expected lmit (:10,,) $ 900F - Expected imi (s10,,) °
800~ SR1b only 13 E amsaosc H
r SR3b only £ 800 - EL
[ anmsaosect H E £
600~ Ji o EH
[ S e E
400 - s E 2
r : 500 4 %
200 Hi  aof 42
L : E i H
£ 1 300 ) E
b oo b e b e b b B | E | | I il I
500 600 700 800 900 1000 1100 1200 130( 700 800 900 1000 1100 1200 1300
m, [Gev] m;[GeV]
Model A1 ! ! Model A2

70

S0

P

ATLAS-CONF-2013-007

> Gluino-stop off-shell

gluinos are excluded up to
masses of 900-1020 GeV
for LSP masses below 550
GeV

Gluino-stop on-shell

gluinos are excluded up to
masses of about 1 TeV for
stop masses below 750
GeV

T T T T
MS, 5=8TeV,L =105fb"
fodel A1

Observed Limit 0" = gHOt £ 10,
Expected Limit + 1 stat.o

0F
cMsF §TeV, L =10517 | j
Eodel A

Observed Limit 6" = 0"t + 19
Expected Limit + 1 stat.¢
Em() =50 Gev

@
=}
S

ALY LA s

L
900 1000 110C
m(@@) (GeV)

, L , ,
400 500 600 700 800

T
10056506600 700" 800 900

L
1000 1100
m(@) (GeV)

CMS-PAS-SUS-12-017
Event selection

> 2 SS leptons with m; > 8
GeV

> >=2 b-tagged jets

> reject events with third
lepton pT>10 GeV

gluinos are excluded up to
1TeV
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Two same-sign leptons

b-b production, b, 1§, m(¥’) = 60 Gev

ATLAS-CONF-2013-007

ATLAS Preliminary
IL dt=20.7 b, (5=8 Tev

mg [GeV]
‘ 2

direct sbottom, m(x?) = 60 GeV

2 same-charge leptons + jets

=== Observed limit (+10,.5")

=== Expected imit (+10,,,)

—— 3-leptons, = 4 jets, 13.0fb", Vs=8TeV
Allimits at 95% CL

500

> only direct production of sbottom
quarks is relevant

400

> limit of sbottom mass at 470-480 GeV

Numbers give 95% CL excluded model cross sections [fb]

300 / for chargino masses below 280 GeV
200 o \ Model B1 1 w
/ A i A 2
qool b b b a A L
300 350 400 450 500 550 600 650 .7
mg‘ [GeV] v .
) B X ~
s - hi x
% F "TCMS (s=8Tev,L =105 ] B ‘ - !
O r int A ; W
. 3000 Model B1 ]
¥ F o m()=50Gev ]
E opgl. e Exclusion gP™? = gNLO*NLL & 1 B
[ ] CMS-PAS-SUS-12-017
2001 E direct sbottom, m(x?) = 50 GeV
150[~ . > limit on the sbottom mass at 450 GeV
100k I | i
250 300 350 400

18/29



™ [GeV]
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ATLAS-CONF-2013-024

i piston - 76-1)

350

T T
ATLAS Preliminary ZZ Observed imit (1

~= Expected imit (+10,,)
~- Expected imit (2011) 3

Ldt=2051",15=8TeV
‘Al hadronic channel

Al limits at 95 % CL.

> search in the
all-hadronic ¢ decay

> top squarks with masses
between 320 and 660
GeV excluded for a
nearly massless LSP

Direct stop searches

ATLAS CONF-2013-037

m,. [Gev]

 ATLAS Preliminary

T T T

=22 Observed
2 Expected it (o
Tiepton' s + £7° e Seedu
Jrazmrnwsn

Expected limt (HCP12)

m [Gev]

> final state with 77

> top squark masses

between 200 and 610
GeV are excluded at
95% CL for massless
LSP

> 7 — X]ib—> XIW( b

> final states with 2 w(*) 2
b-quarks, 2 %!

ATLAS-CONF-2013-048

T, production ER(\ [

£ ATLAS Prehmmary i) - 10 6ev

L I I L I | A

0

50 200 250 300 30 400 450 500
m; [«

> fixed
m(h) —m(xE) =10
GeV and assummg
BR(; — bx;)=100%

> stop quark mass
excluded between 150
GeV and 442 GeV
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G-g production, — t?;“(?, Vs=8TeV

Status: LHCP 2013
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Summary plots
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Conclusions

The latest SUSY searches from ATLAS and CMS with jets, missing
transverse energy and other objects (leptons, photons) are presented.

> no evidence on SUSY with the 2012 dataset, analyses have
placed limits on SUSY cross-section and constrained model
parameters

>> most analyses have moved to the complete 2012 dataset

>> data analysis is still continuing, more to come!

All supersymmetry results can be found here:

ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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List of notes presented

>

ATLAS-CONF-2013-047 "Search for squarks and gluinos with the ATLAS detector in final
states with jets and missing transverse momentum and 20.3 fb-1 of /s = 8 TeV
proton-proton collision data"

ATLAS-CONF-2013-054 "Search for new phenomena using final states with large jet
multiplicities and missing transverse momentum with ATLAS in 20 fb-1 of \/s = 8 TeV
proton-proton collisions"

ATLAS-CONF-2013-007 "Search for strongly produced supersymmetric particles in final
states with two same-sign leptons and jets with the ATLAS detector using 21 fb-1 of
proton-proton collisions at /s = 8 TeV"

ATLAS-CONF-2013-026 "Search for Supersymmetry in Events with Large Missing
Transverse Momentum, Jets, and at Least One Tau Lepton in 21 fb-1 of /s = 8 TeV
Proton-Proton Collision Data with the ATLAS Detector"

ATLAS-CONF-2013-024 "Search for direct production of the top squark in the all-hadronic
it + ETs final state in 21 fb~! of p-p collisions at /5 = 8 TeV with the ATLAS detector"

ATLAS-CONF-2013-037 "Search for direct top squark pair production in final states with
one isolated lepton, jets, and missing transverse momentum in /s = 8 TeV pp collisions
using 21 fo—! of ATLAS data"

ATLAS-CONF-2013-048 "Search for direct top squark pair production in final states with
one isolated lepton, jets, and missing transverse momentum in /s = 8 TeV pp collisions
using 21 fb~! of ATLAS data"
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List of notes presented

@ CMS-PAS-SUS-12-028 "Search for supersymmetry in hadronic final states with missing
transverse energy using the variables at and b-quark multiplicity in pp collisions at /s = 8
TeV"

@ CMS-PAS-SUS-12-017 "Search for new physics in events with same-sign dileptons and
b-tagged jets in pp collisions at /s = 8 TeV"

@ CMS-PAS-SUS-12-018 "Search for supersymmetry in events with photons and missing
energy"

@ CMS-PAS-SUS-13-011 "Search for top-squark pair production in the single lepton final
state in pp collisions at /s = 8 TeV"

24/29



25/29



Di-photon analysis (CMs-PAS-SUS-12-018)

> search for evidence of GGM SUSY production in di-photon events using MET spectrum
spectrum beyond 100 GeV

> no evidence of SUSY GGM production
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> bino-like neutralino > wino-like neutralino
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Single photon analysis

(CMS-PAS-SUS-12-018

> search for evidence of GGM SUSY production in di-photon events using MET spectrum
spectrum beyond 100 GeV

> no evidence of SUSY GGM production
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> bine-like neutralino
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( ATLAS-CONF-2013-026 |

events
with taus produced in the neutralino decay
pre-selection
@ 0 additional leptons (e, 1)

P> 130 GeV, i > 30 GeV
MET > 150 GeV

== 1 medium tau with p7 > 30
GeV

>= 2 loose taus with pr > 20 GeV
@ Adg(ets, MET) and EXS /meg cuts

backgrounds

@ Zand W + jets, top production
@ multijet production estimated

from data
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Results

GMSB: Miyess=250 TeV, N=3, >0, Cyay=1
60

tan B

ATLAS preliminary |
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MSUGRA/CMSSM: tang = 30, A = -2mp, 1> 0
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[ ATLAS-CONF-2013-026 |

Expected | Observed

17 49+15+13 3
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no excess above the SM backgroud is observed

GMSB model: limit on the SUSY breaking scale A of 54 TeV,
independent of tan 8

mSUGRA/CMSSM: result of the 17 analysis

N

nGM: the result of the 27 analysis can be translated into a
limit on the gluino mass of 1140 GeV independent of 7 mass
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