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All results available via CMS SUSY summary twiki:!
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS!

SUS Code Title Data Sample 

SUS-13-006 Search for electroweak production of 
charginos, neutralinos, and sleptons using 
leptonic final states in pp collisions at 8 TeV 

19.5 fb-1 8 TeV 

SUS-13-017 Search for electroweak production of 
charginos and neutralinos in final states 
with a Higgs boson in pp collisions at 8 TeV 

19.5 fb-1 8 TeV 
 

NEW!

BRAND 
NEW!
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•  Introduction & Motivation!
•  SUS-13-006: Searches in Leptonic Final States!
•  SUS-13-017: Searches with Higgs Bosons!
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Intro/Motivation!

•  “Strong SUSY” → large σ, jets, ET
miss, (leptons)!

August 29th, 2013! SUSY 2013! 5 



 WGσLPCC SUSY 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections                   arXiv:1206.2892
SUSY sparticle mass [GeV]

100 200 300 400 500 600 700 800 900 1000

 S
U

SY
) [

pb
]

→
(p

p
σ

N
LO

(-N
LL

) 

-410

-310

-210

-110

1

10

g~g~
L,R

u,d,s,cq=
*q~q~

*t~t~

-
χ∼+χ∼

0χ∼±χ∼

-
l~

+
l~

 8
Te

V
 L

H
C 

da
ta

-1
#e

ve
nt

s i
n 

20
 fb

10

210

310

410

510

Intro/Motivation!

•  “Electroweak SUSY” → small σ, lepton(s) + ET
miss!
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THIS TALK!
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•  Introduction & Motivation!
•  SUS-13-006: Searches in Leptonic Final States!
•  SUS-13-017: Searches with Higgs Bosons!
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Models & Signatures!

•  Broad array of searches targeting variety of final states!
•  Analyses are exclusive → combined to improve sensitivity!
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•  Event selection!
–  Exactly 3 leptons, up to 1 τhad!

–  MET > 50 GeV → suppress Z+jets!
–  b-veto → suppress ttbar!
–  Classify events based on lepton flavors,                                   

Mℓℓ, MT(ℓ,MET), MET!

•  Dominant backgrounds:!
–  WZ: MC with data-driven ET

miss corrections!
–  tt+fake: data-driven fake rate methods!

Mℓℓ [GeV]!

M
T [

G
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-1 = 19.5 fb
int

 = 8 TeV, LsCMS Preliminary   
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3ℓ: Results!
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•  Lepton flavor categories:!
–  3ℓ, OSSF pair (shown)!
–  3ℓ, no OSSF pair!
–  SS 2ℓ + τhad !
–  OS eμ + τhad!

•  Data consistent with bkg 
over range of kinematical 
regions, lepton categories!
!

backup!
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𝛘±𝛘0 Models with Light Sleptons!
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SS 2ℓ channel!

•  Event Selection!
–  Exactly 2 high pT SS e/μ leptons!
–  2 exclusive signal regions!

•  ET
miss 120-200 GeV, Njets ≤ 2, Nb-jets = 0!

•  ET
miss > 200 GeV!
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Z(ℓℓ)V(jj) Channel!

•  Event Selection!
–  Z→ee/μμ candidate!
–  ≥2 jets with Mjj ~ MW/MZ!

–  b-veto → suppress tt!

•  Dominant backgrounds!
–  Z+jets: model fake ET

miss with         
γ+jets data control sample!

–  tt: from eμ data control sample!

•  Results!
–  Data well-described over ~4 orders 

of magnitude → no excesses!
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ℓℓ!

  ℓν jj!

 !

•  Results based on Z(ℓℓ)W(jj) and 3ℓ searches!
– Complementarity: improvement from combination!

SUSY 2013!

𝛘±𝛘0 → WZ+ET
miss  Interpretation!
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4ℓ Channel!

•  Event Selection!
–  4ℓ, up to 1 𝝉had!

–  Classify events by #OSSF pairs, 
0 vs. 1 𝝉had, ET

miss!

•  Dominant backgrounds:!
–  ZZ: from MC, with data-driven 

MET corrections!

•  Results!
–  Data agrees with SM background!
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Emiss
T (GeV) Observed Total Bkg

1 OSSF, 0 ⌧
0–30 1 2.3 ± 0.6
30–50 3 1.2 ± 0.3
50–100 2 1.5 ± 0.4
> 100 2 0.8 ± 0.3

1 OSSF, 1 ⌧
0–30 33 25 ± 12
30–50 11 11 ± 3.1
50–100 9 9.3 ± 1.9
> 100 2 2.9 ± 0.6

2 OSSF, 0 ⌧
0–30 142 149 ± 46
30–50 25 28 ± 11
50–100 4 4.5 ± 2.7
> 100 1 0.8 ± 0.3
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SUSY 2013!

GMSB higgsino ZZ+ET
miss Interpretation!
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ℓℓ!

  ℓℓ jj!

 χ1
0, χ1

± , χ2
0  (higgsino)

G  (gravitino)

Z!

low pT 
leptons / 
quarks!

•  Results based on Z(ℓℓ)V(jj) , 3ℓ+4ℓ, and combination!
–  Combine complementary channels → exclude μ 110-330 GeV!

•  Probe μ in interesting range for Higgs naturalness!

PRD 62 (2000) 077702!
JHEP 05 (2010) 105!
arXiv:1103.6083!

higgsino parameter μ [GeV]!



OS dilepton channel!

•  Event Selection!
–  2 high pT OS e/μ leptons with Z-veto!
–  b-veto, moderate MET!

•  Strategy!
–  Search for excess at high “MCT⊥”:      

MCT⊥ < MW for WW→2ℓ2ν processes!
–  Fit MCT⊥ with templates extracted from 

data control samples and MC!

•  Results!
–  Observed MCT⊥ agrees with prediction!
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Chargino-Pairs and Slepton-Pairs!
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Use ee+μμ and eμ lepton pairs! Use ee+μμ lepton pairs only!

lowest σ sparticle → 
probe up to mℓ ~ 280 GeV!

probe up to!
m𝛘 ~ 550 GeV! ~!
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•  Introduction & Motivation!
•  SUS-13-006: Searches in Leptonic Final States!
•  SUS-13-017: Searches with Higgs Bosons!

Table of Contents!
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WH+ET
miss Signature!

August 29th, 2013! SUSY 2013! 24 

P1

P2

χ̃±

1

χ̃0
2

W

Z

χ̃0
1

χ̃0
1

P1

P2

χ̃±

1

χ̃0
2

W

Z

χ̃0
1

χ̃0
1

H!

WZ+ET
miss! WH+ET

miss!

!

Z→H!

•  New / unexplored final state: WH+ET
miss!

•  Novel effort: “Higgs-tagging” in SUSY searches!

Z!
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8	  TeV	  NLO	  

events in 20 fb-1!
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8	  TeV	  NLO	  

events in 20 fb-1!
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H→bb!

NEW!•  1ℓ !

W→ℓν !



 [GeV]0
2

χ = m±
1

χm
150 200 250 300 350 400

 B
F 

[p
b]

×) 0 2χ ± 1χ 
→

(p
p

σ

-410

-310

-210

-110

1

10

210
8 TeV NLO cross sections

total
)b)H(bνlW(

)H(WW)νlW(
)ττ)H(νlW(

)H(ZZ)νlW(

𝛘±𝛘0 → WH+ET
miss Signatures!

August 29th, 2013! SUSY 2013! 27 

10!

100!

1000!

8	  TeV	  NLO	  

events in 20 fb-1!
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H→W(ℓν)W(jj)!

NEW!

•  1ℓ !
•  SS 2ℓ !

W→ℓν !
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10!

100!

1000!

•  1ℓ !
•  SS 2ℓ !
•  ≥3ℓ !8	  TeV	  NLO	  

events in 20 fb-1!
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H→WW/𝝉𝝉/ZZ!

W→ℓν !

reinterpretation of SUS-13-002!
inclusive multilepton SUSY search!
!

exclusive: 
combine to 
improve 
sensitivity!
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 > 125 GeVmiss
TE

𝛘±𝛘0 → W(ℓν)H(bb)+ET
miss !

•  Event selection!
–  Exactly 1 high pT e/μ!
–  Exactly 2 jets, both b-tagged!
–  Moderate ET

miss!

•  Strategy!
–  Suppress SM backgrounds with            

ET
miss and related quantities!

–  Background from MC, corrections & 
uncertainties from data!

–  Search for peak in Mbb!

•  Results!
–  No evidence for a peak in Mbb!

–  Data agrees with bkg in signal region!
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signal bin!
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𝛘±𝛘0 → W(ℓν)H(WW)+ET
miss with SS 2ℓ!

•  Event selection!
–  Exactly 2 SS e/μ leptons!
–  2 or 3 jets, b-veto!
–  Moderate ET

miss!

•  Strategy!
–  Suppress SM backgrounds with            

ET
miss and related quantities!

–  Data-driven fake lepton estimate, 
prompt SS 2ℓ bkg from MC!

–  Search for bump in Mℓjj ~ MH!

•  Results!
–  No evidence for a bump in Mℓjj!
–  Good agreement in signal region !
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𝛘±𝛘0 →WH+ET
miss with Multileptons!

•  Event selection!
–  ≥3 leptons, ≤1 τhad!

–  Classify events based on 
number/flavor of leptons,          
#b-jets, ET

miss, HT!

•  Strategy!
–  Extract limits from signal regions 

with exactly 3ℓ, 0 b-jets, low HT!
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3ℓ, 0τhad, no OSSF pair, !
0 b-jets, low HT!

reinterpretation of SUS-13-002: inclusive multileptons (see talk: A. Gozzelino)!
!



WH+ET
miss Interpretation!
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•  1ℓ best at large m𝛘, SS 2ℓ and ≥3ℓ contribute at low m𝛘 (backup)!, SS 2ℓ and ≥3ℓ contribute at low m𝛘 (backup)!
•  Combine 3 channels → probe up to m𝛘 ~ 204 GeV!
•  Large improvement in 14 TeV data expected (see talk F. Golf)!
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observed: m𝛘 = 204 GeV!

m𝛘!
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𝛘2 → 𝛘1 + Z / H!
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SUS-13-006: leptonic final states!
•  Probe gauginos up to m𝛘 ~ 300-740 GeV!
•  Probe sleptons up to m𝛘 ~ 280 GeV !

SUS-13-017: decays to Higgs!
•  Probe gauginos up                  

to m𝛘 ~ 200 GeV!



Additional Material!
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CMS SUSY Results!
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Summary of CMS SUSY Results* in SMS framework
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SUSY 2013

 = 7 TeVs

 = 8 TeVs
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For decays with intermediate mass,

Only a selection of available mass limits
*Observed limits, theory uncertainties not included

Probe *up to* the quoted mass limit electroweak SUSY!



3ℓ Results!
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     3ℓ, no OSSF pair           same-sign 2ℓ + 𝝉had           opposite-sign eμ + 𝝉had            !
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 = 8 TeV, LsCMS Preliminary   
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SUSY 2013!

𝛘±𝛘0 → 3𝝉 Interpretation!
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•  Assume light right-handed sleptons leading to 3τ signature!
–  𝛘+ couples to ℓR through higgsino component: 𝛘± → 𝝉ν!
–  For high tan β, 𝛘0 couples to ℓR through higgsino component: 𝛘0 → 𝝉𝝉 !

•  Results from 3ℓ analysis probe m𝛘 up to ~340 GeV!
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[1] Carena, Gori, Shah, Wagner, Wang !
arXiv:1205.5842 [hep-ph]!

light stau 
increases 
BF(H➞γγ) [1]!
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•  Assume light right-handed sleptons leading to 2ℓ+𝝉 signature!
–  𝛘+ couples to ℓR through higgsino component: 𝛘± → 𝝉ν!
–  For low tan β , 𝛘0 couples to ℓR through bino component: 𝛘0 → ℓℓ!

•  Results from 3ℓ analysis probe m𝛘 up to ~640 GeV!
SUSY 2013!

𝛘±𝛘0 → 2ℓ+τ Interpretation!
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•  Assume light left-handed sleptons/sneutrinos: 3ℓ signature!
–  Both 𝛘+ and 𝛘0 couple equally to e, μ, τ!
–  50% branching fraction penalty for !

•  Results from 3ℓ analysis probe m𝛘 up to ~740 GeV!
SUSY 2013!

𝛘±𝛘0 → 3ℓ Interpretation!
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0νν



𝛘±𝛘0 → WZ+MET: 3ℓ vs. Z(ℓℓ)V(jj)!

•  ~2σ deviation between 3ℓ observed vs. expected!
•  Good agreement in Z(ℓℓ)V(jj) channel!

August 29th, 2013! SUSY 2013! 41 
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𝛘±𝛘0 → W(ℓν)H(bb)+ET
miss !

•  The Mbb shape is well-reproduced in preselection region!
•  Good agreement in signal region outside the Mbb mass window!
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𝛘±𝛘0 → W(ℓν)H(bb)+ET
miss !
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Preselection: exactly 1ℓ, 2 jets (both b-tagged), ET
miss > 50 GeV!
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𝛘±𝛘0 → W(ℓν)H(bb)+ET
miss !

•  Sliding ET
miss cut: >100, 125, 150, 175 GeV!

•  Good agreement in all regions!
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4.4 Results 5

either exactly two leptons satisfying the analysis selection, or one such lepton and an isolated
track (CR-2⇥). Finally, the Mbb requirement is inverted to obtain a data sample (CR-Mbb) con-
sisting of a mixture of backgrounds with similar composition as the signal region.

The agreement between the data and the simulation in the three data control regions is used
to assess scale factors and uncertainties on the background predictions. In CR-2⇥, the data are
found to be in good agreement with the predictions from simulation, which are dominated by
the dilepton top background. A 40% uncertainty is assessed on the dilepton top background,
based on the limited statistical precision of the event sample after applying all the kinematical
requirements. Correction factors of 0.8 ± 0.3, 1.2 ± 0.5 and 1.0 ± 0.6 are assessed on the WZ ⇤
⇥⇥bb, W + bb, and single lepton top backgrounds, respectively, based on studies of CR-Mbb.
The rare backgrounds are estimated from simulation with a 50% systematic uncertainty.

The W+light jets background prediction is extrapolated from CR-0b, using the b-tagging misiden-
tification rate for light flavor jets measured from simulation. This rate includes all flavors except
b-quarks. The uncertainty is 40%, due to uncertainties in the b-tagging misidentification rate
and its variation with respect to the jet pT.

4.4 Results

Four signal regions are defined by the requirements Emiss
T > 100, 125, 150, 175 GeV. In general,

signal regions with tighter Emiss
T requirements are more sensitive to signal models with larger

mass differences M�̃±
1
� M�̃0

1
. The results in these signal regions are summarized in Table 1.

Good agreement is observed between the data and the background predictions. The expected
signal yields for several model points are also indicated, including systematic uncertainties
that are discussed in Sec. 7. The distributions of Mbb are displayed in Fig. 2, after all selection
requirements except that on Mbb. No evidence for a peak at Mbb= MH is observed.

Table 1: Summary of results for the single lepton analysis. The expected background contribu-
tions are compared to the observed yields in data for the four signal regions. The expectations
from a few signal points are indicated; the first number indicates M�̃±

1
(= M�̃0

2
) and the sec-

ond number indicates M�̃0
1
. The uncertainties that are shown contain statistical and systematic

uncertainties.
Sample Emiss

T > 100 GeV Emiss
T > 125 GeV Emiss

T > 150 GeV Emiss
T > 175 GeV

Dilepton top 2.8 ± 1.2 2.3 ± 1.0 1.7 ± 0.7 1.2 ± 0.5
Single lepton top 1.8 ± 1.1 0.9 ± 0.6 0.5 ± 0.3 0.2 ± 0.2
WZ ⇤ ⇥⇥bb 0.6 ± 0.2 0.4 ± 0.2 0.3 ± 0.1 0.3 ± 0.1
W + bb 1.5 ± 0.9 1.0 ± 0.7 0.9 ± 0.6 0.2 ± 0.3
W+light jets 0.5 ± 0.2 0.3 ± 0.1 0.2 ± 0.1 0.2 ± 0.1
Rare 0.4 ± 0.2 0.3 ± 0.2 0.3 ± 0.2 0.2 ± 0.1
Total SM 7.7 ± 1.9 5.4 ± 1.3 3.8 ± 1.0 2.3 ± 0.6
Data 7 6 3 3
�̃±

1 �̃0
2 ⇤ (W�̃0

1)(H�̃0
1) (130/1) 9.0 ± 1.2 7.5 ± 1.0 6.0 ± 0.8 4.5 ± 0.6

�̃±
1 �̃0

2 ⇤ (W�̃0
1)(H�̃0

1) (150/1) 7.3 ± 1.0 6.2 ± 0.9 5.0 ± 0.7 3.6 ± 0.5
�̃±

1 �̃0
2 ⇤ (W�̃0

1)(H�̃0
1) (200/1) 7.3 ± 1.0 6.0 ± 0.8 4.9 ± 0.7 3.6 ± 0.5

�̃±
1 �̃0

2 ⇤ (W�̃0
1)(H�̃0

1) (300/1) 5.5 ± 0.7 5.2 ± 0.7 4.6 ± 0.6 4.1 ± 0.6
�̃±

1 �̃0
2 ⇤ (W�̃0

1)(H�̃0
1) (400/1) 3.4 ± 0.4 3.3 ± 0.4 3.0 ± 0.4 2.7 ± 0.4



𝛘±𝛘0 → W(ℓν)H(bb)+ET
miss !
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SS 2ℓ Results!
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9

Table 2: Summary of results for the same-sign dilepton analysis. The expected background
contributions are compared to the observed yields in data. The uncertainties that are shown
contain statistical and systematic uncertainties. The expected signal yields in several example
model points are also indicated.

Sample ee µµ eµ Total
Fakes 0.3 ± 0.3 0.2 ± 0.2 0.8 ± 0.5 1.3 ± 0.8
Charge Flips < 0.01 < 0.01 < 0.03 < 0.03
Genuine SM SS 0.4 ± 0.4 0.4 ± 0.4 0.8 ± 0.6 1.6 ± 0.9
Total SM 0.7 ± 0.5 0.6 ± 0.5 1.6 ± 0.7 2.9 ± 1.2
Data 1 1 1 3
c̃±

1 c̃0
2 ! (Wc̃0

1)(Hc̃0
1) (130/1) 0.8±0.1 1.0±0.1 1.9±0.3 3.6±0.5

c̃±
1 c̃0

2 ! (Wc̃0
1)(Hc̃0

1) (150/1) 0.5±0.1 0.6±0.1 1.4±0.2 2.5±0.3
c̃±

1 c̃0
2 ! (Wc̃0

1)(Hc̃0
1) (200/1) 0.20±0.03 0.4±0.1 0.6±0.1 1.2±0.2

c̃±
1 c̃0

2 ! (Wc̃0
1)(Hc̃0

1) (300/1) 0.07±0.01 0.12±0.02 0.19±0.03 0.4±0.1
c̃±

1 c̃0
2 ! (Wc̃0

1)(Hc̃0
1) (400/1) 0.02±0.00 0.03±0.00 0.06±0.01 0.11±0.02

Table 3: Multi-lepton results, along with the number of expected signal events, in the 5 best
signal regions for the Mc̃ = 130 GeV, Mc̃0

1
= 1 GeV model point. All signal regions shown

have exactly three selected leptons, a veto on b-tagged jets, and HT < 200 GeV. The results are
binned in the number of hadronic t candidates and the Emiss

T . Above Z (below Z) indicates the
presence of an OSSF pair with invariant mass M`` > 105 GeV (< 75 GeV).

Nthad OSSF pair Emiss
T [GeV] Data Total SM Signal

0 below Z 50–100 142 125 ± 28 24.4 ± 4.4
0 below Z 100–150 16 21.3 ± 8.0 6.8 ± 1.2
0 none 0–50 53 52 ± 12 8.7 ± 1.7
0 none 50–100 35 38 ± 15 10.8 ± 2.0
0 none 100–150 7 9.3 ± 4.3 3.37 ± 0.54

its invariant mass, the presence or absence of a b-tagged jet, the Emiss
T , and the scalar sum of the

transverse energies of selected jets, HT . The most sensitive signal regions for this search are
those with exactly three leptons, no b-tagged jets, and low HT .

Backgrounds from dilepton tt events with fake leptons are estimated from simulation, while
additional sources of fake leptons are estimated using a data-driven method. Backgrounds
from WZ and ZZ diboson processes are estimated from simulation, with a correction to the
Emiss

T resolution based on comparisons to data in control regions.

The data yields in the signal regions are found to be broadly consistent with the expected SM
backgrounds. The observed data yields, expected SM backgrounds, and expected signal yields
of the five most sensitive signal regions for the Mc̃ = 130 GeV, Mc̃0

1
= 1 GeV model point

(where the multi-lepton analysis has the best sensitivity) are indicated in Table 3. Additional
signal-depleted regions are used to constrain the backgrounds and associated uncertainties.
Similar results tables for other model points are presented in Appendix A.

7 Interpretation of the results
In this section we interpret the results of the searches in the single-lepton final state (Sec. 4), the
same-sign dilepton final state (Sec. 5), and the multi-lepton final state (Sec. 6). The results from
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1ℓ !
≥3ℓ !

SS 2ℓ !
combo!

P1
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χ̃±

1
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2

W

Z
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χ̃0
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H!

W!

excluded!

•  Probe up to ~200 GeV!

•  Large sensitivity 
improvement in 14 
TeV data expected!



MSSM Higgs Bosons [1]!

•  [1] Ch. 8 of Martin’s SUSY primer http://arxiv.org/abs/hepph/9709356 and 
references therein!

June 11, 2013! EWK SUSY with Higgs! 48 

physical Higgs bosons in MSSM:!
h0,   H0,   A0,   H+,   H-!

H0, A0, H+, H-!

h0!

m
as

s!

MA >> MZ!

≲ 135 GeV!

mass spectrum in the 
“decoupling limit”!

can be “SM-like”!



WH+ET
miss Individual Limits!
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1-lepton (H→bb)! SS 2ℓ (H→WW)!

≥3ℓ (H→WW/𝝉𝝉/ZZ)! combination!



Neutralino Decays to Z vs. h!
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MA = 300 GeV!
tan β = 10!

Gori, Schwaller, Wagner!
arXiv:1103.4138!



EWK SUSY Mass Spectrum!
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m
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s!

bino (B)!~
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wino (W)!~
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higgsino (H)!
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0

 G
gravitino!



GMSB Higgsino ZZ+ET
miss Model!

June 11, 2013! EWK SUSY with Higgs! 52 

W* or Z*!
mass ~ O(1 GeV)!
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