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Minimal Extensions to the SM

wwi : o
dd sd b

J Quarks . Leptons . Force particles Squarks o Sleptons 0 SUSY force particles

Higgsino

Standard Model and SUSY particles (MSSM)

Fundamental idea of Supersymmetry (SUSY)

e Introduce an additional symmetry:

. As=1/2
fermion <+——— boson

Q/% e Requires (basically) doubling the number of particles (MSSM)
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R-parity

Conservation

e Definition: R-parity R, = (—1)3°+t+2

B/ L: baryon / lepton number, s: particle spin
e = SM particle fields: R, = +1, superpartner fields: R, = —1
e Phenomenology:

e superpartners produced in pairs (— 2 SUSY decay chains / event)
e lightest supersymmetric particle (LSP) is stable (— DM candidate, £7)
e proton is stabilized

e R,-violating terms in superpotential:

1 — - 1 -
Wrpv = wiHyLi + E)ijLi - LiEx + Af-,-kLi - QD + E)\,/'j;(UiDjDk

e |/, j, k: generation indices, \: Yukawa couplings

e L, Q: lepton and quark SU(2) doublet superfields (L = +1, B = +1/3)
E, D, U: charged lepton, down-like quark, up-like squark SU(2), singlet superfields

Ps (L=-1,B=-1/3)
® )\ijk, ,/-ijAL:1,>\,/-j-/ZAB:1
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R-parity

Violation: Example with Aj5q1 > 0
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ATLAS-CONF-2012-153

A121
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lllustration of X9 decays via non-zero \121. In all cases, the charge conjugate decay is implied.
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SUSY Searches at the LHC

S VL \\ N L B B LN B | e strong production of 1** and 2" generation scalar
o, [pbl: pp — SUSY quark and gluinos
mh VS=8TeV | 4 ;igciﬁcant cross section up to more than 1
= = e
. . 4 decay to jets and weakly interacting SUSY
al i particle (LSP): jets and Ey™'ss
- 1 |e third generation scalar quarks (direct production
i i or gluino-mediated)
2
(U X »  significant cross-section for direct production
B (o]
- g » large top background
v,
0 3l ) § »  key ingredient in natural SUSY
200 400 600 800 1000 1200 1400 1600
e electroweak production of gauginos and M, yeraee [GEV]
leptons h h g
[ ) =
S el e s e Y 72 t e.SUSY searches at 7 TeV (.2010 2011 data)
> doable with current integrated indicate that squark of the first two
luminosity generations and gluinos might be heavier
> jet veto, leptons, moderate missing Er than ~1 TeV
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LAr hadronic end-cap and Day in 2012
forward calorimeters

....... Pixel detector AT LAS
-------------- CMS DETECTO
Toroid magnets LAr electromagnetic calorimeters Totalweight 14,000 tonnes 12,500 tonnes SILICON TRACKERS
@ i rpn Overall diameter : 15.0m Pixel (100x150 pm) ~16m* ~66M channels
Muon chambers Solenoid magnet | Transition radiation fracker Overalllength  :28.7m Microstrips (80x150 um) ~200m? ~9.6M channels
Semiconductor tracker Magnetic field ~ :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

Data included from 2012-04-04 22:37 to 2012-12-16 20:49 UTC Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

BN LHC Delivered: 23.30 fb '

[ CMS Recorded: 21.79 b ! PRESHOWER

20 Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER

15| Steel + Quartz fibres ~2,000 Channels

10-

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

Total Integrated Luminosity (b !)

N © o C) <
\“p@ “\0 A Y N Y “ge? o¢

0"
407 W 40

Date (UTC
( ) HADRON CALORIMETER (HCAL)

C M S Brass + Plastic scintillator ~7,000 channels

n »r-»
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Strong Production Searches

NLO cross sections for production of SUSY particles at /s = 8 TeV

Large cross sections allow to search for signatures with small BRs
or long decay chains with heavy initial (SUSY) particles

MSUGRA/CMSSM Parameters GMSB Parameters
e — gravity-mediated SUSY breaking e — gauge-mediated SUSY breaking
e mp: mass of scalar particles e A: SUSY breaking mass scale felt by the
® my /> gaugino masses low-energy sector
e Ay: trilinear Higgs-sfermion-sfermion Mqes: mass scale of the messenger fields

Ns: number of SU(5) messenger fields
e tan 8 = v, /vg: ratio of the vacuum Cgrav: Scale factor of the gravitino coupling
expectation values of the two Higgs tan 8 = v, /vg: ratio of the vacuum
doublets expectation values of the two Higgs doublets
e sign of the Higgsino mass parameter pl e sign of the Higgsino mass parameter u

coupling parameter

A\

NGM

e starts from General Gauge Mediation

e GGM: no specific SUSY mass hierarchy is predicted for colored and uncolored states
= gluinos and squarks can be below the TeV scale = within reach of LHC

e NGM: decouple all sparticles not related to fine-tuning of Higgs sector
= light stop and light gluino as only light (relevant) coloured sparticle

e some additional mechanism needed (as in GMSB) to produce “correct” Higgs mass
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Kinematic Variables

a1 Variable

e For di-jet events:

) .\ 2 -\ 2 .\ 2
ar = ELEL with My = \/ (i En()” — 2 i) — (2 pr (i)
(ratio of the pr of the second hardest jet and the invariant mass formed from the two
hardest jets)

e If net > 2: use clustering such that AHr between pseudojets minimized.
e a7 > 0.5 indicates genuine £r, QCD events have ar < 0.5.
e Cf. e.g. PRL 101, 221803 (2008).

o Transverse mass: mh = \/Zp‘} Zr (1 — cos(A¢(BF, BFe)))
(useful in rejecting events with W bosons)

e Total visible energy (scalar sum of transverse momenta):
Hr = >, pr(£) + >, pr(j) (¢: selected leptons, j: selected jets)

o Effective mass: met = Hr+ Et
(correlates with overall mass scale of hard scatter,
independent from details of SUSY cascade)

L
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lorz2 +jets + ET (ATLAS-CONF-2013-026)

e Motivation: GMSB with 7 as NLSP =- final states with many taus
e Event selection:

o 174 (pr > 30GeV)or > 271, (pr > 20 GeV), resp., no additional light leptons
e Plus: 1 > 150 GeV, pr(j1) > 130 GeV (trigger), pT(j2) > 30 GeV
e QCD rejection: cuts on 7/ Mest, Admin(j, ZT)

e Three signal regions:

e 17 GMSB, 27 GMSB, 27 nGM (njets > 4)
e Different cuts on m7, Hr > 600 GeV to > 900 GeV

e Dominant backgrounds: Z/W + jets, top production

Y
20.7 fb' @8 TeV

> " T T T T T T > L AL B, g
[0 imi —e— Data 2012 — Standard Model [0) - imi -@- Data 2012 — Standard Model —|
G 10 ATLAS Prellmlﬂary L matiets o waiets 3 [ ATLAS Preliminary = Tw°+je|s = anéets 7
8 3 Ldt=20.7 b Wl Z+jets Il Top 8 102 e I Ldt=207 fb-1 |:|Dr:II-Yan iBosons -
-~ 10 Vs =8TeV [ piBosons [ orelivan ~ E Vs =8TeV —.nGM -m_= 1180 GeV m_ = 210 GeV 3
12} -2 EE e GMSB - A = 60 TeV tanf = 30 §2) - - -.-nGM - m_= 1020 GeV m_= 210 GeV -
S 102 i --- GMSB - A =50 TeV tanp = 15 S = ’ -.- nGM - m_ =860 GeV m, =210 GeV —
L L 3
10 3

3

(@] O E
% ) | = B + s + | E
[ ) 1 E
A ARAR ; EEE SRR AR ;
200 400 600 800 1000 1200 1400 1600 200 400 600 800 1000 1200 1400 1600
H, [GeV] H, [G

Final distribution of Hy in the 1T GMSB SR and 2t nGM SR (w/o N, cut)



20/03/2013 NEXT Meeting 10

University
of Sussex

lorz22ts+jets + ET (ATLAS-CONF-2013-026)

ne»r-=»

Natural Gauge Mediated Model, T is NLSP,ma»mg, n=400 GeV
T

e No excess: = 95% C.L. limits, %f:'_:” -
(profile likelihood method, CLs prescription) 1000%__

e 0,is down to 0.15fb (27 nGM SR) 900 CATLAS prfminary

0 :_jL dt=20.7 fb", s=8 TeV ~ - Expected imit (+15,,,)
e Interpreted in: o
e (A, tan 3) plane (GMSB) Zzz: NGM:

* (mg, my/,) plane (MSUGRA/CMSSM)
e (m(7T), m(g)) plane (nGM)

OI limit from 27 channel

e b b b B b beea |

\ Ll
120 140 160 180 200 220 240 260 280 300 320
m, [GeV]

400

MSUGRA/CMSSM: tanf = 30, Ay = -2mg, u> 0

GMSB: Mness=250 TeV, Ns=3, 11>0, Cgra=1
0
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c - 2 3 7 o) C .
= § é é ] g 850 ATLAS Preliminary ]
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50 . ] = bt R 501800 3
- — AT e - 1800Gev) 4
i N C "\‘7\(3000 ]
1 = - T \GQV) —
== Observed imit (:10545Y) 750 |- | —— observed limit (+1055Y) |
40 [ I B £ o 3
I’ ; == ==~ Expected limit (+10,,) 700 r - - -~ Expected limit (+10g,) ]
- ,’ Combined 7 TeV Exclusion F ~ E
B b (different spectrum generator) G, . .
30 — l’ - OPAL 95% CL (%) 650 F= ~. \ 7:
B ) ] 600 S (1400 Gey)
20— ATLAS preiiminary ] 550 -
- 1 Ldi=207 b7 ¥5=8 TeV § ]
- B 500 =
10 = E
B ] 450 3
| ,’ a v Y . ]
LN b f TR ISR B SRR BT 40 NEN N S S A
40 50 60 70 80 90 100 400 500 600 700 800 900 1000 1100 1200 1300

A[TeV] m, [GeV]

GMSB: combined 17 and 27 limits MSUGRA/CMSSM: limit from 17 channer
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e Motivation: pair-produced gluinos have same probability to give OS or SS lepton pairs

_>

requiring SS lepton pairs suppresses Standard Model background

e Event selection:

e 2 isolated same-sign leptons (ee, ep or pup, pr > 20 GeV)

e 3 SRs (exclusion case): (1) + (2): > 3 jets, £ > 150 GeV, mr > 100 GeV, 0 or > 1 b-jet;

(3): > 5jets, Fr < 150 GeV or my < 100 GeV, > 3 b-jets

e Main backgrounds:

e charge misidentification (mainly e, — fully data-driven)
* fake leptons (misidentified jets, heavy-flavor (HF) decays — from data)
e real SS lepton pairs (diboson, tt + V, VV + jets — from MC, checked in VRSs)

Number of events

data / exp

T

Same Signe e
ATLAS Preliminary -e-Data

Ny SM Total
fL dt=20.7 fb Vs=8 TeV |:|Charge flip

[ Fake leptons

[ biboson
Ei+v

T T
Same Signe e
ATLAS Preliminary -e-Data

X SM Total
fL dt=20.7 b, {5=8 TeV |:| Charge flip

[ Fake leptons
(] Diboson

data / exp

\
e

0

\\\\\\\\\\\\\\\\\\\

3
Number of jets W|th P; >40 GeV

Jet and b-jet multiplicity in ee channel before SR cuts

2
Number of b-jets W|th P, >20 GeV
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(ATLAS-CONF-2013-007)

MSUGRA/CMSSM: tan(p)=30, A_ = -2mq, 11 >0

. . . . . > :““““‘““‘\““\“‘l““,
e Limits: simultaneous fit to all 3 SR using binned mes 8 soo:\fTLASPrellmlnary R
. . . . g [ [ Ldt=2071b" Vs=8 Tev | | | =
(prOflle ||ke||h00d methOd, CLS prescrlptlon) E 700i Zsamecha;‘geleptonswjets;;'\VV*‘*I\Y'n\J\V,‘iVVE

L Observed limit (=1, ‘sh:'f;) | i : ‘}:

Interpretation: 600; k;{.m:.s'if’;:;fggI.m..<+u:e,.,) RREREN:
ovis down to 0.50fb (95 % C.L., SR with 0 b-jets) SRS o S

e Model-dependent limits: N eaEERE R
e mMSUGRA / CMSSM, “Higgs-compatible” so0 =¥ R

e Many simplified models, e. g.: o BB
~Er i + 5 + b LU R s B R A A

99992 %X > W { or fu, ¢ e

qg—q X1 X1 — ﬁl/, Ei v mo [GeV]

—

m_, [GeV]
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-G decays via sleptons, § § —>qqqq|l(ll)§’( ')Z°+neutr|nos
700 P e e e
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-g decays via sleptons, g g — qqqqll(ll));(? 7(? + neutrinos

| T
ATLAS Preliminary

L dt=20.7 fo™, Ys=8 TeV

e-charge leptons + jets

Observed limit (+16°°%) -
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= 3 lep (e,u,t), w or w/o b-tags, RPV

(CMS-PAS-SUS-12-027)

e R-parity violation = LSP unstable =- use St instead of &Z7:
St =81 + D it ET() + 2 ieptons PT(£)
e Event selection:
e > 3isolated leptons (7 = eor u, < 1 7p)

e Classification: Nossr? Has an OSSF in Z window (75—-105 GeV)? Has b-tags? Has a 7,?

e Binning in St = 240 exclusive channels
e Limit setting: combine channels

o Interpretations in several RPV scenarios (and others) (full stat’s, tt: CMS-PAS-SUS-13-003)

Hadronic RPV (here with A\{;, > 0)

jet CMS Preliminary (s=8TeV,L =921

1 > g Hadronic RPV 1", , 10° =
./ ok observed 95% CLs Limits
~ o~ T . ~ Theory uncertainty (NLO)
Py l R.' 1 i . expected 95% CLs Limits N
BN et

9.2 ﬂ:)'l@8 TeV
Py

bserved
085 %

~0 . . i : i i
— 3 jets, 4 ¢ + jets, no 1200 1400 1600 1800 2000 2200 2400 2600 2800
X jets, = 4 £ +] & kS

ne»r-p»

m(x1) = m(x1 ) = 150 GeV, m(ﬁ ) = 300 GeV, m(x 2) = 500 GeV, wino-like i? bino-like ig)
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= 3 lep (e,u,t), w or w/o b-tags, RPV

(CMS-PAS-SUS-12-027)
Leptonic RPV (here with m(X9) = 300 GeV, \j23 > 0, 2 tau + 2 light leptons)

of Sussex

CMS Preliminary (s=8TeV,L =92 fo!

agss; ™ (fb)

Leptonic RPV 1,
observed 95% CLs Limits
Theory uncertainty (NLO)

expected 95% CLs Limits

; i
1200 1400 1600 1800 2000 2200
m (GeV)

LQD RPV (here with m(X?) = 700 GeV, Ag; > 0, > 4 b-jets)

CMS Preliminary \s=8TeV, le =9.2 fb"!

og™™ (1)

LQdRPV '

233

A observed 95% CLs Limits
=0 M =0 - Theory uncertainty (NL
I X‘] — IJ" + t + b or X‘] — VvV + b _'_ b expected 95% CLs Limits "
g 800 1000 1200 1400 1600 1800 2000

My (GeV)
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0 lep + jets + - (ATLAS-CONF-2012-109)

e Target: g9, g, 99 — jets + X\ =280 L n-eutza':m-m?d?' N =

* Event selection: S 2600 |- ATLAS Preliminary 2

e Ht > 160 GeV, jets with pr > 130,60 GeV ;52400 = . det:s.s ', s=8TeV

e veto e, 1% with pr > 20, 10 GeV 52200 ;_ S 5 (.):llﬁrl)ton combined —;

e 5incl. channels (> 2...6jets)a1 — 3 SRs: ? 2000 | T:"S"”ejl'_‘"“_”(‘i‘"'"3;5’ =

| C - -~ Expected limit (+15,,, ]

. cuts on ET/ Mett, g}? ) A¢m|n (JetS ET) 1800 E_ [ vt (4.7fb",7TeV)_E

e Main backgrounds: 1600 s =

o W +jets, Z + jets, tt + t, QCD MOER ey =

* 4 CRs for each SR, background fit 1200 & E

e Interpretation: R
Y Best Ilmlt Ohvls < 057fb (4 jetS tlght SR) 800800 1000 1200 1400 1600 1800 2000 2200 2400

gluino mass [GeV]

e MSUGRA/CMSSM, simplified models / MSSM

MSUGRA/CMSSM: tanp = 10, AO= 0, u>0

w
o
o

MSUGRA/CMSSM: tanf = 10, A0 0, u>0 = (LY {1 | LI B L L L L

% T T I T L Al. + T T T T I \l T T T I T T T T I |\lr‘| T T I \: T T T 8 : R rreaeee Observed Ilmlt (+1 cshufr\;) 1
8 750 Eoo ATLAS Preliminary—— f\Ldt=5.8 f5', {s=8 TeV\ -~ Expocted imit (£10,.) 1
Q N \‘\ 0-}?pton combi\r\md j\ T & 2500 ATLAS o
£ 700 N (1601 RO : ; S Preliminary * - Theoretically excluded 7]
==\, 801600 Gev) \ ——— Observed limit (+10525) X ; .

h VT — i @ 4 [ IstauLsp ]

0 Y | === Bxpectedlimit(t1o,,) - & 2000 Ldt=58fb', Vs=8 TeV ™, =

v a . _

0 3040 Gev) \ Observed limit (4.7 fb”, 7 TeV) 0-lepton combined 7

- I Non-convergentRGE 3 8 TR N ]

1500

\ -NoEWSB

3,u<0

1000

Do, Run II, tanf

500

R I viorat s SN SR T PR L

500 1000 1500 2000 2500 3000 3500 200 400 600 800 1000 1200 1400 1600 1800
m, [GeV] gluino mass [GeV]

ne»r-=»
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g oy 0 5 rosscton 5 447
L Target. qq, 99, 99 — ]etS + X1 § production; §— q g%,
; s LI N L L L L L B LRI B
e Event selection: 3 1400 [~ ATLAS Preliminary L Observed fimit (+165551) ]
o r > 160 CeV, jets with pr > 130,60 GeV | oo [[La-serw’ e e
° VetO e, /J/ W|th pT > 20’ 10 GeV 000 :_O—Iepton combined I:I Observed limit (4.7 fb ,7TeV)_:
e 5incl. channels (> 2...6jets)a1 — 3 SRs: . ]
- : - ]
cuts on 1/ mett, my?, Admin(jets, £7) ot ]
e Main backgrounds: 600 - -
o W +jets, Z + jets, tt + t, QCD 400 |~ =
e 4 CRs for each SR, background fit 200 [ 3
¢ Interpretatlon 20:0 I I4(I)0 - I6(IJ0 - I8(I)0 - 10I00I I .'¢I1’2I0.Zg' I I14I00I :
e Best limit: gyis < 0.57 fb (4 jets, tight SR) m; [GeV]
e mSUGRA/CMSSM, simplified models / MSSM
;' aé f)ro(ljucltionl; al_) q|%?’|§_:qlq%?l T I T T T I T T T I T T rTa=0|96Im§ ; 1200 i? Fljrlocliul(:tllolr.lia;_l)lq.lil‘)l T I UL I TTrTT I LU I LU I LU I TT 1T | TTT l_
& 1400 |~ ATLAS Preliminary e 3 3 - ATLAS Preliminary B oot (1)
OE[X}ZOO :_J-Ldt=5.8 w stV - _: E1000 __J-Ldt=5.8 fo', (s=8 TeV === Bxpectedlimit (£10,,)  —
[ 0-lepton combined ===~ Expected limit (+10,,) . [ O-lepton combined [ observed iimit (4.7 fb",7TeV):
- -
600 [ — C ]
- ] 400 [— -
e : ]
A L. i\ 200 | —
T 200 ¢ e ]
L RS SR (N T T WO AN TR SR T (N T SO N N .I...'i.l'.";: El L : [ETITETE A A A
g 200 400 600 800 1000 1200 1400 200 300 400 500 600 700 800 900 1000 1100 1200

m. [GeV] my [GeV]
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Jets + F-w or w/o b-jets cvs-ras-sus-12-02)

e Targeted final state: &7 + jets (pr > 50 GeV)
veto e, u (pr > 10 GeV) and v (pr > 25 GeV)

e ar > 0.55 selects events with genuine &7
e SR:8binsin Hr = ) E7, event categories:

( Nobs B Npred ) / Npred

e number of reconstructed jets (2 or 3, > 4)
e number of b-jets (0, 1, 2, 3, > 4)

e Backgrounds: from 3 CRs, transfer factors
from MC, closure tests between CRs

ne»r-=»

Limits set in several simplified models

10

~l|.’ L T T _|~d T T T I T T T I s
pp—~ 58,3~ aq%,; m@>>m(@) 3 800
[ ==--- Expected Limit =1 o exp. 700
~ oNLO+NLL 41 5 theory Eﬂ
| CMS Preliminary, 11.7 f6, \'s = 1 600

500

95% C.L. upper limit on o (pb)

L e L B
[] Systematic uncertainty CMS Preliminary

O ;<055 — o >0.55 (u + jets) L, =117, Vs=8TeV
[J 0btags — 1b tag (u + jets)

/A 1btag — 2 b tags (u + jets)

dh u+jets — pu + jets

¥ up+jets =y +jets

V 2sNgs3— Ny =4 (u+jets)

O 2sNg=3—>N,=4( +jets)

x 25N1a53->’§..=4(uu+leis)

o;@@w@w%ﬁ%*

—_
IIIIIII

ol v b b e e
2 300 400 500 600 700 800 900

Hr (GeV)

|_CMS Preliminary, 11.7 f6', /s =8

T I ~I~ I.’I T JI T I T I
PP —§8,§— qi ; m@>>m(@)

----- Expected Limit +1c exp.
——— ONLOHNLL .1 5 theory

95% C.L. upper limit on o (pb)

10" 400 107
300
102 200 102
100—
10° 0 10°
400 600 800 1000 1200 1400 300 400 500 600 700 800 900 1000
mgluino (GeV) msquark (GeV)

pair-produced gluinos, > 4 jets

pair-produced squarks, 2 — 3 jets
(results also interpreted in 3rd generation context)




Weak SUSY Production

Most SUSY searches have focused on strong production, which has the largest

>Pr=p»

Q%@%”

Cross section

Prospino2.1

10 E T T ‘ T T ‘ 1T 1T E
" o, [pb]: pp = SUSY ]
I E
10 "' Lelectrowe .
Qi J
10 = 1% “ E
O _3 ] N ‘ N ‘ I e B ‘ I ‘ L1 ‘ \X\gq\LC\) ‘ L1 ‘ I |
100 200 300 400 500 600 700 800 900

mass scale [GeV]
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Limits on these models probe masses of strongly-interacting particles up to ~1 TeV
« Similar cross-sections to EWK gaugino’s of 300-400 GeV
Interesting when squarks and gluino’s are heavy, but EWKinos are light



US
Strategy for the Searches

» Look for direct pair production of gaugino’s and sleptons:
* Very clean multi-lepton signatures
« Low hadronic activity 4

Py

P ~ ... e
/ Xli .\.\V

Main backgrounds and rejection:

« Diboson backgrounds: apply Z mass cut

* Not for intermediate vectorboson searches

 ttbar: apply b-jet veto (or jet-veto)

« Binning in MET or other kinematic variable (my,, ms7)
Background estimation:
S, « Non-prompt backgrounds: data-driven techniques
Ned !  Diboson backgrounds: validated MC, with data-driven corrections
% Main focus on 8 TeV results

University
of Sussex
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Chargino-neutralino Production

chargino-neutralino production: light sleptons and sneutrinos

One missed:
—> §S/0S dileptons

If missed:
—> 0OS dileptons

* Model naturally gives 38 (off-Z) signatures, but can give 28 or 38 (on-Z) signatures,
depending on mass spectrum

* flavor-democratic or tau-enriched

* Dedicated analyses:
* 3-lepton searches (ATLAS+CMS, 8 TeV)

* CMS: same-sign di-lepton analysis (Veto third lepton, fully exclusive)
* ATLAS: same-sign and opposite sign jet-veto analysis (7 TeV)
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3lep (e/u) + ET (ATLAS-CONF-2012-154)

3-leptons with an OSSF pair

* 3 main search regions, targeted
for specific models, with :

— SR 1a: MET>75 GeV, Z-veto and b-jet veto

— SR 1b: same as SR1a + m;>110 GeV, lepton
p>30 GeV i

— SR 2:Z candidate, m;>110 GeV, MET>120 GeV
* Normalize WZ simulation to WZ control region
* Data-driven non-prompt prediction

MT (/’ E;ﬂi::)

81 101 M (| “ )

© L e L L
c ] D 1
Lglj 103 ATLAS Prellmlnary ;T(;attaaISM E_ %104 IIIIIIIIIII|IIIIIIIIIIII IIIIII|§
Reducibl E . i 3
s-aTev [Lat=130m = Dipomons 1 S ,p[ ATLAS Preliminary *+Data W Dibosons 7
o =t1i'f$3°50"5 ] N J_ %Total SM [ Tribosons ~ §
= E ) r -1 ]
E = (s=8TeV |Ldt=13.0fb f =
) E g2 ' Reducible v
o Non-prompt bg - 2 - - SUSY Ref. Point 1
% validation 3 1ol SR1a  --sUSYRef. Point2
Z .
E

200 250 300 350 400
ET*° [GeV]

0 50 100 150 200
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3 lep (e/uwr) + P+

ne»r-=»

University
of Sussex

(CMS-PAS-SUS-12-022)

Use 3D binning : MET, m; and dilepton mass @
* 50 GeV MET bins

b-jet ve.to to suppress ttbar CMS Preliminary \s=8TeV,L =92 fb!
Correction to WZ MC M. <75GeV 75 GeV<M, <105GeV M, >105 GeV

. > 7F ] > T >
MET resolution e} 2 8.4
v 2 3 b
. QO - s — -~ 2F
Also hadronic taus and 2z ] _
. < 3 5 515 Channels:
no OS same-flavor pairs 101 : ° eiee
. efet L
— Tau-enriched models ! W e
> 100~ 150 200 100 150 200 100 150 200 +.F
EP [GeV EX [G EU [GeV L
3-leptons with an OSSF pair 3. b Sl . b cV? . Sl
g3 3 3
v R 2 2 E Data
S o
3 {mmwz
= 1 I Non-prompt
B 15%“"35208} v 100 IS%MSEO% v g() 100 IngSZOg v Rare SM
> o e .TEe]> .TEe]Totalbkg
LW Ty (3] .
° < ) 1~ uncertainty
g o 20
Ve 5 513
= ” 10

%

+1 — 100 150 . 200 100 150 200
M) 2 [GeV] E2 [GeV]

75 105

100 150 200
E2 [GeV]
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Limits in 3 lep final stat
~r ~0 CMS Preliminary \s=8TeV,L =92 fb! 5
YARY 4 % 600 PP—Z %  95%C.L CLs NLO Exclusions — i £
~ O Exoww, EE e e I ©
E oLy 500 :_ ‘xgaée,ﬁu,‘f‘r === Observed 3/ only _: : S
b h. £ 400: Bri’ » 1) = 0.5 = Observed SS only 1 = 10? =
Same branching « (0-1) E Recovered 7 ] %
fraction to e,p,t 300 by SS analysis | g
ya 2005 x=0.0 1B o
100 - PN
Mslep = X*M, + + (1-x)-mLsp d ' °

poe 0 a0y g0 1 g g ey o U DR RN P
900 200 300 400 500 600 70

B
m...+=m~ e
A
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Direct Decays to W/Z Bosons

ne»r-=»

chargino-neutralino production: direct decays to W/Z bosons (heavy sleptons)

I}fﬂ(u) jf(m
\ e X1 k >~<8 “““ U (G)
_____ ; 7 ggﬁ:\;:_ 2 (G)

(qq,fv) 2

* Model naturally gives 3€ and 4l (on-Z) and 2l (on-Z) + jets signatures
* Neutralino pair production suppressed, use GMSB model

* Dedicated analyses: * Dedicated analyses:

* 3-lepton + M(Il) + MT « 4-lepton + MET
 2-lepton + di-jet + MET  2-lepton + di-jet + MET
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W/Z and GMSB Higgsino
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(ATLAS-CONF-2012-154)
(CMS-PAS-SUS-12-022)

CMS Preliminary

1s=8TeV,L =9.2fb"

95% CL upper limit onc [fb]

— 300 — B T=t=] e SE 0 PRUES B B B SIS U L =
T T T T I T T T T I T T T T Y | B o, ”
> - T Observed lmit (£152%) % C oo x° 7 95% C.L. CLs NLO Exclusions -
O, = ATLAS Pre"mmary s Expected limit (+16,,,) Q] B B8 Observed 2/2j+3/ +1c ]
o B a4 B = 200~ 270 = Expecteded 2/2j+3/ £ 16 _
£ 250 |- ) Ldt=13.01b,1s=8TeV | — — ATLAS4.7fo"1s=7TeV B il = Observed 3/ only N
B My =My ' K SUSYrel. point 2 = L 7 s w7° = Observed 2/2j only 1 1403
- Al limi 9 LA X 1 310
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C ~~0_)W()~JJZ()%0' g 150 ~|
200 - *i X X 85 78 47 1@ C I
B S 1< - 1 4
RN 1510% difference .t -
(%]
150 L »"[’ 69 3] onIY6 28 - % b 2 1 ]
_(Q*d's 1 1N Cross- -section i 1S
- - '_o\? = -
15between exp. 50 1o .
100 |~ 3z 58 8 10 23 ]9 B ] 1
- 1o B i
- . - - 9 ) ol
| : 4 o n e |
A 43 200 250 300 350 400
50 e 19 @ m_.=m_, [GeV]
{2 XX
4 E
&, :1: 43 CMS Prelimina \s=8TeV,L_=92fb"
02 ﬂfiz T 1 11 | |*l 1 3 4 1 1 1 I 11 1 | Z ‘.. | |l l'l lrlyl LA LB L R 'mlt LB |
100 150 200 250 300 350 400 : SEsen i I i
m~° 7t [GEV] observed 212j + 4/ + 31 |

------- expected median+ 1o
------- observed 2/2j

==+~ observed 4/ + 3/
oMotio

* Neutralino pair production in gauge-mediated
symmetry breaking (GMSB) higgsino model
* Exclusion in terms of parameter (u) that
controls the masses for Chargino and LSP

-t
T

107E
T GMSB ZZ+E]™
tanp = 2

M,=M, =1TeV

......
I
SN = e, ot
_______
o

95% CL upper limit onc [pb]

m_+ .M.
Lo b

ATLAS Z+jets analysis: similar search in cascade decay

300 350 400
u [GeV]

(YRS T R O L VA1 M Y
150 200 250
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Chargino and Slepton Pair Production

14 [
/./V \ B /
..... P, I . &-____ 0
N ~ - X
e N | :
~ B ]
..5?...<’ Moop ;e e Xt
14 \
V [

* Model naturally gives 28 (off-Z) signatures

* Dedicated analysis:
e opposite -sign di-lepton analysis

o

ne»r-=»
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Intermediate Stau Production
(ATLAS-CONF-2013-028)

Chargino/neutralino pair production or chargino pair production only

through intermediate staus ‘

SR 1: OS hadronic tau, Z-veto, jet-veto, MET>40, m,,>90 GeV

SR 2: OS hadronic tau, Z-veto, b-jet-veto, MET>40, m,,>100 GeV

> IIII|IIII|IIII|IIII IIII|. > IIII|IIII|IIII|IIII IIII|IIIII
& 10°L ATLAS Preliminary &ﬂ?ﬁﬁ 8 TeV) & 10°L ATLAS Preliminary g PhsBT@
= . =

~ 10° 03 Z 10

b4 o

] 4]

'-Eﬂ]d "5104

Y 0B u_|103

p o ILm~me‘
0 OS m,-nobjet
.
10"
102 i3

 ABCD technique for multi-jet and W+jet backgrounds
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Intermediate Stau Production
(ATLAS- CONF-2013-028) (CMS-PAS-SUS-12-022)

95% CL upper limit onc [fb]

§ | ATLAS Preiminary E — CMSPrelminary R8TVl o2
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g S * First result for chargino pair
150 g production with decays through
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RPV Searches

e LSP is not stable but will decay to two leptons
* Low MET, multi-lepton signatures

University
of Sussex

Ve(Vy) et
X4 v (v,) n(e”)
A121

 nLSP can be wino, L-slepton, sneutrino, gluino

* Model naturally gives 48 (off-Z) signatures

* Dedicated analysis:
 four lepton analysis

S

ne»r-=»




4 lep RPV Search

e 2 searchregions:

— SR 1: 4 leptons, Z-veto and MET>50 GeV (neutrinos in final state)
— SR 2: 4 leptons, Z-veto and m_>300 GeV (sparticle cascade decays)

Meff = E“““ + Zp’“ +Z E% +2:E’r

University
lls of Sussex

(ATLAS-CONF-2012-153)

&
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4 lep RPV Search

[GeV]

M_o

Four NLSP choices
Results shown for Wino, left-

slepton and sneutrino models
Only results for A,,,>0 shown,

results for A,, >0 similar

400

300

200

100

ATLAS Preliminary explored LSP mass range:

_[Ldt: 120f' o8 Toy 0 OGSV <My <m; - 10GeV

simplified model,i:’fL grid (TL=§L,ﬁ T)shyy >0 Vi (R &
.............. Expected limit (1 caxp) > /
S
Observed limit (+105-5) l_((\’*\

- LEP exclusion (ﬂ\’\\ v
Va

not explored
All limits at 95% CL

» / ‘
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(ATLAS-CONF-2012-153)
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3" Generation Scalar Quarks

S S A N\ N L B B B B | e strong production of 1 and 2" generation scalar
o, [pbl: pp = SUSY ] quark and gluinos
L L NS=8TeV | 2 significant cross section up to more than 1
o 3 TeV
- . > decay to jets and weakly interacting SUSY
al i particle (LSP): jets and Ey™'ss
0= E
- 1 |e  third generation scalar quarks (direct production
- : or gluino-mediated)
2
10 £ x| »  significant cross-section for direct production
- (aV]
- £ » large top background
v,
0 3| e § > key ingredient in natural SUSY
200 400 600 800 1000 1200 1400 1600
° electroweak production of gauginos and M,y erage [GEV]
leptons
e the SUSY searches at 7 TeV (2010-2011 data)

> small cross section, less than WW, ZZ

> doable with current integrated
luminosity

4 jet veto, leptons, moderate missing Et

indicate that squark of the first two
generations and gluinos might be heavier
than ~1 TeV
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Natural SUSY and 3™ Gen Squarks

Supersymmetry stabilises the Higgs mass to the electroweak scale without a
fine tuning of the theoretical parameters at high energy (naturalness problem)

(o

&

~

squark loops cancel quadratically
divergent quark loop corrections to the
Higgs mass

» largest contribution comes from top
quark loop

» important to have a light stop )

"o

in several supersymmetric models )

renormalization group equations push
the lightest stop state to low masses

» inthese models stop is favoured to
be the lightest squark

» gluinos mass should be less than
~1.5-2 TeV

J

S T
———————-—\M/— ———————
1000 ¢
_é
S00 ) W
fl_
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X —
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Gluino Mediated Stop and Sbottom
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1U:||1|1

e dominates if gluino light enough \ . s
} -

VS=8TeV
final state rich in b-jets and tops 1

10 -
2 i

10 = -
- Jov
- 18
RA2 18

10 -3 | I 11 1 | 111 | | | | 11 D‘:
200 400 600 800 1000 1200 1400 1600
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Gluino Mediated Stop  (atas-conF-2013-007)

ne»r-=»

8TeV

ATLAS Preliminary

fL dt=20.71b", (5= 8 TeV

4 top quarks in decay. Many searches
sensitive

~
>

v

. )
0 lep + multi-jet (6-9 jets) + Ey™'s, 5.8 fb!

0 lep + 23 b-jets (6 jets) + Ey™ss, 12.8 fb!

2SS lep +0,21,>3 b-jets (23,4 jets) +
Eymiss, 20.7 fb!

Entries / 400 GeV

ATLAS-CONF-2013-007 | 358 ooy mpesoosen -
D i ~ (m()‘c‘) OG \/ m(b )_ASOG \I)%

..................

................................

vn“x“xnvxas

w
E [&\\\ \ SN \\\\ §
400 600 800 1000 1200 1400
Mgy [GeV]

g-g production, g— ttx,, Vs = 8 TeV

95% CL limits. o$YSY not included.

Status: Moriond QCD 2013

- main bkg: ttW/Z, WZ/ZZ+jets (from
MC); charge flips, fake leptons

(data-driven)

NEW!

- discriminant variables: Ex™ss,
effective mass mes;, lepton-Er™ss
transverse mass mr

3 lep + 24 jets + Ef™ss, 13.0 fb?

&1 000 0O-lepton, 6-9 jetstheory L, ,=58f" Expected
ENG ATLAS-CONF-2012-‘.103 B ___“ g:s:aleeg
T o |[TRRESEE TR e
f%ﬁ%‘ggﬁkio‘fz'fé? b =280 g)l(:sgg:g
) _ P
T [zsiopions 0 ibiete (L, =207 T SRR

400

200

>

ATLAIS PrelirlninaryI Il' e
1 000 1100 1200 1 300
my [GeV]

600 700 800 900
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e 4 top quarks in decay. Many searches sensitive ;::b
» [ Olep + >3 jets (21 b-jets) + Ey™s, 19.4 fb! NEW!

» | 1lep + 26 jets (22,23 b-jets) + Ey™s, 19.4 fb!

- 2 complementary methods: Lepton
Spectrum (LS) and Delta Phi (DP) NEWl
[ J

- main bkg: top pairs, single top, ttbar+W/Z,

W-+jets, dibosons, Drell-Yan+jets, QCD E
multijet production =
e

- discriminant variables: Et™ss, Hr for LS
method; Adp(W,I), S'¢P for DP method

» | 2SS lep + =2 b-jets + Et™ss, 10.5 fb™?

- CMS-PAS-SUS-12-029

ne»r-=»
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Gluino Mediated Stop  (cvs-pas-sus-12-028)
(CMS-PAS-SUS-13-007)

CMS Preliminary, 19.4 fb™", Vs = 8 TeV

: ‘ | j!
. ~

P—=§55—~tix !
NLO-NLL exclusions 'ul

------------- experiment | 10—3

600 700 800 900 1000 1100 1200 1300
Iﬂngluino (GeV)

CMS Preliminary \s = 8 TeV 19.4 fb™

R ™ L e e B
700 pp —§g, g — 1t =
- Single-lepton e ]
600 B . —
T N;:=6, sz2 ,.»‘ NN ]
soof- e L B
400} e ]
s00f CMS-PAS-5US-13-007 E
[ NLO-NLL exclusions 3
200 | === E.+H, Observed = 10,,,, B
|- EREERESER Er+H; Expected = 10, iment 7
. lep ]
| ==—=== S, +A¢ Observed = 10 ]
100 b e -
[ FEREREREE S; +A¢ Expected = 1 Cexperiment | —
) : L L L L v L 1 il
400 600 800 1000 1200 1400

m(Q) [GeV]

95% C.L. upper limit on cross section (pb)



20/03/2013 NEXT Meeting 37

University
of Sussex

Direct Stop and Sbottom Production

T | T T T | T T T [ T T T
6,.[pbl: pp — SUSY

10 £

~

» final state is tipically ttbar+Et™s or bbar
+ETmiSS 10 _1:

I 1 111l

e small cross section for direct production

VS=8TeV _|

11 11l

1 lIIHlIl

10

1 lIlIHIl

Prospino2

| 1 1 1 | 1 ] l 1 1 1
200 400 600 800 Vl 000 1200 1400 1600
m, [GeV]

average
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Direct StOp (ATLAS-CONF-2013-024/25)

0 lep + 26 jets (22 b-jets) + Er™5, 20.5 fbt - 8TeV: multiple dedicated searches,
- - S targeting different stop mass and decay

» main bkg: top pairs, Z+jets (validated and 3 O s remiay - SO
o estimated from control region); QCD multijet g J e
. g 10° _ _ _ -;v
; (data-driven); other bkg (from MC) 2 |, ATLAS-CONF-2013-024 mm:
Rl h L A
s=)> discriminant variables: E{™ss, several variants of " *
mt, Ap(ET™S,closest jet), Ad(ET™%,3 higher pr jets) oo
e | 2,>3 lep (SFOS pairs)+ Z + >3 jets (21 b-jets) + Et™s, 20.7 fbt| < Y T— —— — — — T
o . A . ET™® [GeV]
> main bkg: top pairs 2 main scenarios

ATLAS Preliminary ® Data2012(Vs=8TeV)
A %444 SM Background
J-L dt=20.7fb 2-lepton SR2L1A  mz+jets O
[CIDiboson [ Single top
OV [ Fake-lepton
Tt (m;=600 GeV,n’Ll,,=500 GeV,

(validated and estimated

=® from control region);
=  QCD multijet, Zjets
Ll

—

Events / 40 GeV

(data-driven); ttbar+Z/W,
dibosons (from MC)

ATLAS-CONF-2013-025

» discriminant variables:
ETmiSS’ mj-mz, Aq)”l pT” (Z
boosted)

Data/SM

n»r->
mn
3
<
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Direct Stop (ATLAS-CONF-2013-025)

e [21ep + Er™ss, 13.0 fb'l
e | 1lep+>4jets (21 b-jets) + Ef™s, 13.0 fb!

e | Olep+2 b-jets + Ef™. 12.8 fb! _

T, production, Natural GMSB model

LML L L L L

s
& 80OATLAS Preliminary

= Observed limit (+1o5ysy)

....... Expected limit (£16,,,)

ATLAS 2.0 fb”,\5=7 TeV
All limits at 95% CL

soof- ATLAS-CONF-2013-025

700 —I Ldt=20.7fb", V=8 TeV

u , production Staus:Morond QCD2013 & B
S‘ TTTT | TTTT | TTTT | TTTT | TTTT | T | ]
0 [ ATLAS Preliminary =132 8T8V L, =470'TTV {400l .
8T e V (D 3 =0 g_, tg OLATLASCONF-201302¢ 0L[1208.1447) 1 E
|—°| ) I Observed ||m|ts L,tj_)lﬁ 1LATLAS-CONF-2012-166 1L[1208.259] 300l -
X B0 f oo Observed limits (- btm) - 2 t('t)%h . 2L [1209.4185] 1 ]
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Direct Stop

1 lep + >4 jets (21 b-jets) + Et™s. 9.7 fb™! @8TeV

4

backgrounds: top pairs, W+jets (validated and
estimated from respective control region);
QCD multijet (negligible); dibosons, ttbar+W/
Z, single top (from MC)

discriminant variables: E1™*, leptonic
transverse mass mr

0 lep + 25 jets (21 b-jets) + Et™s, 4,98 fb! @7TeV

n »r-»

4

backgrounds: top pairs, W+jets (validated and
estimated from respective control region);
QCD multijet (negligible); dibosons, ttbar+W/
Z, single top (from MC)

discriminant variables: Et™, Ad(ET™ss, three
highest-pr jets), min| Ad(Er™s,pr®) |
(enhanced at low angles for top pairs bkg)
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CMS Preliminary Vs=8 Te\/,det =9.7fb" CMS Preliminary Vs=8 TeV,de! =9.71f"
— 10 =— 10
% 250 -_F:P _,ﬁlj_, b‘i‘ . b‘Wi? 'NLO-NLL ex‘clusiohr‘\s % [ Q‘TT*,T_J 7 ‘ " NLO-NLL e)‘(clusio‘:r]s —
1T M eeeas theor 1 or
(0] [ 50/501, /1, mixture Observed 10" 0] 50 /5011, /t, mixture Observed =1o " §
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= € 5
_ ! ' g
150 S
]
r —
100 o
C 10 [
3
50 -
. - 2
0 200 250 300 350 400 450 500 550 600 10 800 250 300 350 400 450 500 550 600 10
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Direct Stop

ne»r-=»

>3 lep + 0,21 b-jets + St. 19.5 fb!

» main bkg: WZ, ZZ (validated and
me estimated from control region);
; misidentified leptons (data-

E driven); ttbar+W/Z, top pairs
rom
(f MC)
» discriminant variables: St(scalar
sum of Er™s, Hr, Lt), my (Z veto if
OSSF leptons)
» LHE files provided by Jared Evans

and Yevgeny Kats (arxiv:
1209.0764)
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(CMS-PAS-SUS-13-003)

CMS Preliminary Ns=8TeV, Lim =19.51fb"
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CMS Preliminary

3-leptons incl. no taus + off-Z + at least 1 b-jet

8TeV
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SUS-13-003 @ Bkg Uncertainties é
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o
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Conclusions

- The performances of the LHC have been outstanding during the
2011-2012 period

- Many new results by the ATLAS and CMS Collaboration (not just the Higgs!)
- Still no SUSY 1n sight...

- No significant excess yet observed in many different channels
- Very stringent limits already obtained in strong and weak SUSY production

 Chargino-neutralino masses up to 600 GeV and slepton masses up to 250 GeV

+ In RPV models, wino masses up to 700 GeV and slepton masses up to 430 GeV

Web Pages
e ATLAS public SUSY results:

https://twiki.cern.ch/twiki/bin/view/AtlasPublic/
SupersymmetryPublicResults

g e CMS public SUSY results:
/ https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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""""""" MSUGRA/CMSSM : 0lep +j's + E; e
MSUGRA/CMSSM : 1 lep +j's + E
Pheno model : O lep +j's + E-

T,miss

%] T, mi
% Pheno model : 0 lep +'s + ET'::
5 Gluino med. % X (G—=q%) : 1lep +j's + E s
8 GMSB (TNLSP) : 2 lep (OS) + j's+ ET miss
©  GMSB (TNLSP) : 121+O1Iep+]s+ET
3 GGM (bino NLSP) :yy + E * miss
K GGM (wino NLSP) :y + lep + E7™°
= GGM (higgsino-bino NLSP) :y + b + E; miss
GGM (higgsino NLSP) : Z + jets + E; m.s:
................ ,CGravitino LSP : 'monojet’ + Ev .,
g3 g—>bb;{j1 (virtual | B):0lep+3b- jS +E7 s
o E gty (virtyal 1) :21ep (SS) +'s + Eq e
g_g (. % (wrtualt) 3lep +j's + Eq s
®3 g—>tf~ Swrtualt) 0 lep + multi-j's + ET miss
DR ., (virtualD) : 0 lep + 3 b's + Ep g,
o bb, b;;qu 0 Iep +2-b-jets + E; s
f§ bb, b, 3Iep+Js+ETmiss
‘éé tt (light), t—>9x 1/2 lep (+ b-jet) + EZ e
® 8 il (medium), t—>bx 1lep + b-jet + ET miss
$ T (medlum) t—>bx 2lep + ET miss
2 8 t(t) Tty 2 11ep + bjet + E miss
SRS -ty O/1/k lep (+ b-jets) + ET miss
............ T (natural .GMS.B) Z(=W +bjet+ E_
- T, 1 21ep + Eymes
<3 X, —>Iv(r\7)—>lvx 2lep+E
Wg 5 —>Xi'\%(l‘1l(vv) I |$w :3lep+E,
- W 3lep+E;

> Dlrectx palr prod. (AM%E) long- Ilvedm;s'
E 8 Stabled ] R hadrons : low §, By (full detector)
gy% Stable T R-hadrons : low f, By (full detector)
S8 _ GMSB : stable T
LRV -pb-—;\-/- +X,V,—6+ resonance
LFV : pp—v +X, V.—€(u)+t resonance
Bilinear RPV CMéSM Ylep+7js+E

PV

T,miss
x X1X X, on xo—>eev euv_cdlep+E,
I 1 —>Ix X —>eevu,epw 24 lep + ET miss

....................... g—>0dqq.: 3 Jel resonance paJr.
Iar %Iuon 2-jet resonance pair

WIMP |nteract|on (D5, Dirac ) : 'monojet' +E )
................................................... T miss .

*Only a selection of the available mass limits on new states or phenomena shown.
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Mass Reach for ATLAS Searches

ATLAS SUSY Searches* - 95% CL Lower Limits (Status: Dec 2012)

University
of Sussex

L=13.0b™, 8 TeV [ATLAS-CONF-2012-166] | 160-350 GeV | tmass (m(x ) =0 GeV, m(y) = 150 GeV)

L=13.01b™, 8 TeV [ATLAS-CONF-2012-167] | 160:440 GeV!| { mass m& ~0Gev, m(®)-m(x ;) = 10 GeV)
L=13.0 fb", 8 TeV [ATLAS-CONF-2012-166]
L=4.7 b, 7 TeV [1208.1447,1208.2590,1209.4186] _ Tmass (m(x) 0)

L=4.7 fb”, 7 TeV [1208.2884] [EsHesGaVl | mass (m(x) 0)
L=4.7 fb™, 7 TeV [1208.2884]

L=13.0 fb™, 8 TeV [ATLAS-CONF-2012-154] 140-295 GeV | )'Z mass (m(x) m(x) m(x) o, sleptonsdecoupled)

L=4.6 b, 7 TeV [1210.4826]

(m(@ <2TeV, Ilghtx ) ATLAS

q mass (m(@) <2TeV, Ilghtx ) Preliminary
9 mass (m(x ) <200 GeV, m(y*) = Jl(m(x )+m(@))
g mass (tanB < 15)
‘gmass (tanp >20)
g mass (m&?) >50 GeV)
9 mass
g mass (m(x ) >220 GeV)
gmass (m(H) > 200 GeV)
F scale (m(G) > 10" eV)
] mass (m(x ) <200 GeV)
g mass (@) <300 Gev)
g mass (mfx,) <300 GeV)
9 mass (rn(x ) <300 GeV)
g mass (m(x ) <200 GeV)
C b mass m(” )<120 GeV)
b mass (m(;) = 2m(x )
Tmass m()_g =55 GeV)

f Ldt = (2.1 -13.0) fb™
Is=7,8TeV

| 230-560GeV, T mass m(;z) 0)
tmass (115<m(‘ <230Gev)

| 110-340GeV ¥ mass (mGz) < 10 GeV, m(iy) = -(m(x)+m(x )

X mass (m(x) m& x) Om(lv) as above)

Y mass (1<t )<10ns)
eVl g mass
t mass
Tmass (5< tanp <20)
q mass (0. 3x10° <Ay, <1 5><10'5 1 mm < ct < 1 m,g decoupled)
V. Mmass (i, =0.10, 4,,=0.05)
Vo mass (4347010, 2, ,,,=0.05)
q g mass (et gp<1mm)
X mass  (m (x )> 300 GeV.y,, 0r k., >0)
I mass_ (m(x ) > 100 GeV, mii)=m{l)=ml), A, ok ,, > 0)
9 mass
[o0287Gevll sgluon mass (|nc| limit from 1110.2693)

fcale (m,, < 80 GeV, limit ot < 687 GeV for FS)
| |

10" 1 10
Mass scale [TeV]

All limits quoted are observed minus 1o theoretical signal cross section uncertainty.
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Hadronic / razor CMS

preliminary Leptonic
=025 =025
m(LSP)=0 GeV =05 " m(mother)—m(LSP) =200 GeV | m(mother)m(LSP) =200 GeV z—05 . m(LSP)=0 GeV
|T1: 790’ ar T3lh: —qq(X3 =17 1" %°), OS e/p edgel
|T1: G—q0%°. jets + Ay Plh: g—qq(x% =17 17 1°), OS count e/u+ET|

|T1: 3—qqx°, razor

T3lh: g—qq(x% =17 1" %), OS ANN

|T1: 3—qqx°, My,

TSInu: & —1*vx%, SS e/u)

|T1ttrt: g-tt°, ap

Titttt: gty ss«Il

|'r1mt: Gottx°, Er+b

Ttttt: g —#tx°, e, pzzbulrl

|T1tttt: §—ttx", Mp+b

Titttt: 113, e/uzsb,yml

|T1tttt: g—tty", razor

|T1|nt: g—ttx", razor+b

|T1tttt: g—tty", razor multijets

|T1bbbb: bR, ap

J—Ta_imf SWIR), ¢/uLS

|lebbb: G—bby°, Brtb

|T1hbbb: G-bb%, My +b

|T1bbbb: G—bby", razor+b

T52z: g—qq(x3 = 2%"), Z +IEL|

[M52z: 3508 > 23°). My,

T522: §—qa(X3 = ZX°)s JZB%

[152z: 5 0a(3 > 23°), Mp,+b

|'I7: 3—=qx’, ap

TChiSIepSIep:—l Bx* ="}, multilepton (>3)

|Tl: G—qx", jets + H,

TChiSlepSlep: —I;(g;(* —Uwy’ ", comb leptons

|17: q—qx’, razor

TChiwz:] ¥ =Wzx"y°, comb leptons

T2bb: 653", ar

T2bb:  b—by°, razor+b

T2tt: i +3°, oy
T2tt:| -y’ razor
T2tt:| i-ty°, razor+b

7 TeV, < 4.98 fb!

1000 800 600 400

ne»r-=»

00
Mass scales [GeV]

400 600 800 1000

cf. arXiv:1301.2175
(submitted to Phys. Rev. D)

2011 dataset

for CMS Searches

CMS preliminary
TL: §—qqx°
Tlbbbb: §—bby’

Titttt: gy’

T2: §—qx°
T2bb: b—by’
T2tt: Fty°

T3lh: g—qq(xS =171 ")
T3w: §—qe(x* -WR'IX")

T5Inu: x* =15 vy

T52z: §—qq(x) —2%")
ChiSlepSlep: 9%+ =y’ ¥’
TChiwz: %% =Wz’ %

University
of Sussex

m(mother)—m(LSP) =200 GeV

T 2=025
2=0.50
z=0.75

m(LSP)=0 GeV

gluino

gluino

gluino

squark

sbottom

stop

gluino

gluino

gluino

gluino

—

chargino/neutralino

chargino/neutralino

7 TeV, <

4.98 b1

0 200 400

600
Mass scales [GeV]

800

1000

1200
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Direct Stop
region label kinematic region stop decay mode(s)
A my < my < 2y, Mgy t — tubb
B 2my < my < mgp t — tuth + tvbb
C Mgy < my < mpw + Mg T—>~€vb)“((1’ +jjbxY
D M + Mgy < my < Mg+ Mgy t— Wbx?
E my + gy < my t— tx)
CMS Preliminary \/§=8Te\l,Lim=19.5ﬂ:}'1 CMS Preliminary \E=8Te\l,Lim=19.5fl:r1
9 :I I T T T T I T T T T T T T étolp IRPIv ):‘ T I T T T T I T T T : ’>\ é I T T T T I T T i T I T T T T T T T T I T T T T I T T T T I IE
8 1200 observed 95% CLs Limits  — 8 800~ E
-~ B Theory uncertainty (NLO+NLL)| ~— C A B ]
o Y VAR expected 95% CLs Limits 3.5 700 .
Elx1 OOO : _ eXpeCted =<IC'experimental : Elx g CMS' PAS' g
8001 = 600 SUS-13-003 . E
L W C .
: t ] 500 =
600 7] - .
8 ] S (”*: 400 =
400 tr B e — - Stop RPV ' 3
i X - 300 observed 95% CLs Limits |
200[ - - xpoctod O i
- | | | CMSI-PAS-SUSI-13-003 o . 200: | | | | -, gig:&gd +Uex°per|mesntallmli
700 800 900 1000 1100 1200 300 400 500 600 700 800 900
m- (GeV) m- (GeV)
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