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Electroweak production

strong SUSY production has large x-sections and spectacular signatures:
gluinos probed up to 1.4 TeV, squarks up to 800 GeV

high luminosity gives access to rarer SUSY processes: with 19.5/fb possible reach in
chargino/neutralino up to 800 GeV
sleptons up to 400 GeV

need to look as broadly as possible:
various number of leptons in the final state: CMS-PAS-SUS-13-006
specifically target signatures with Higgs boson: CMS-PAS-SUS-13-017

 WGσLPCC SUSY 

https://twiki.cern.ch/twiki/bin/view/LHCPhysics/SUSYCrossSections                   arXiv:1206.2892
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Overview of the searches in CMS-PAS-SUS-13-006
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3-leptons: search definition
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Search strategy:
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. 80 GeV

corrected MC: calibrate using Z+jets data

2 Rare processes (ZZ/ttV/VVV and Higgs!): MC
simulations and NLO x-sections

3 Non-prompt/misID leptons (tt, DY+jets):
data-driven techniques

4 Zγ(∗) conversion: data-driven (from `+`−γ)
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3-leptons: Results

Data is in agreement with the expected SM background
-1 = 19.5 fb

int
 = 8 TeV, LsCMS Preliminary   
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Interpretation: χ̃±1 , χ̃0
2 → sleptons/sneutrinos
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4` on-Z, 3` and Z+dijets

interpret in GMSB SUSY

Selection: 4` including Z(ee/µµ)
SM Backgrounds: as in 3`

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
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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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The region µ < 330 GeV is excluded at 95% confidence level.

For GMSB SUSY at CMS see talk by Peter Thomassen
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1 with Higgs tagging

WH+Emiss
T signature: CMS-PAS-SUS-13-017

New particle→ new final state: probed for the first time with 20 fb−1 @ 8 TeV
Novel effort: “Higgs-tagging” in SUSY searches
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Explored 3 signatures in exclusive
analyses:

1 1` : H→ bb

brand new!

2 SS2`: H→W(`ν)W(jj)

brand new!

3 ≥3` : H→WW/ττ/ZZ

SUS-13-002 reinterpretation
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1 1`+H(bb)

χ̃±χ̃0
2 → W(`ν)H

(
bb
)

+ Emiss
T

Selection:

exactly 1 high-pT e/µ
exactly two jets
(b-tagged)
additional track veto
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SM backgrounds

suppressed withEmiss
T and

related quantities

top from MC with corrections
from data

W+bb and WZ(bb) from MC
with corrections from data

W+light jets from data

Search strategy

bins in Emiss
T : 100–125–150–175 GeV

search for a peak in Mbb
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1 SS2`
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2 → W(`ν)H(WW) + Emiss

T with SS2`
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two or three jets
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χ̃±χ̃0
2 → W(`ν)H(WW/ZZ/ττ ) + Emiss

T with multileptons

Reinterpretation of SUS-13-002: inclusive multileptons
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≥ 3 leptons, ≤ 1τhad
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observed: m𝛘 = 204 GeV!
expected: m𝛘 = 236 GeV!

1` best at large Mχ, SS2` and ≥ 3` contribute at low Mχ

combine 3 channels =⇒ probe up to Mχ ∼ 204 GeV

expect large improvement at 14 TeV
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Summary

Performed a wide range of searches for electroweak SUSY production
with full 8 TeV dataset

tailored a complementary set of analyses to target various scenarios:
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SUS-13-006

SUS-13-017

3`, 4`, SS2`, OS2`, Z+dijet, 1`

no significant excess observed

interpreted results in various SMS

probe SUSY masses up to 740 GeV in the
most optimistic scenario: with light
sleptons

reach up to 200-300 GeV in more
challenging cases: with WZ and WH

just started to probe electroweakly
produced SUSY!

For more information:

twiki of CMS-PAS-SUS-13-006
twiki of CMS-PAS-SUS-13-017
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Outlook for the future: arxiv:1307.7135

Estimate 5σ discovery reach with 300 fb−1@14 TeV based on 20 fb−1@8 TeV

m [GeV]
500 1000 1500 2000

 (p
b)

σ

-310

-210

-110

1

10

210

310

410

m [GeV]
500 1000 1500 2000

 (p
b)

σ

-310

-210

-110

1

10

210

310

410
, 14 TeVg~g~

, 8 TeVg~g~

* , 14 TeV1b~1b~*, 1t
~
1t

~

*, 8 TeV1b~1b~*, 1t
~
1t

~

, 14 TeV0
2
χ∼±

1
χ∼

, 8 TeV0
2
χ∼±

1
χ∼

1 Scenario A (pessimistic):
all yields and uncertainties scaled by

lumi and x-section

2 Scenario B (optimistic):
relative background uncertainty is

reduced

 [GeV]0

2
χ∼

 = m±

1
χ∼m

100 200 300 400 500 600 700

 [G
eV

]
0 1χ∼

m

0

50

100

150

200

250

300

350

400

450

500
-18 TeV, 20 fb

 (scenario A)-114 TeV, 300 fb
 (scenario B)-114 TeV, 300 fb

±
1

χ∼ 0

2
χ∼ →pp 

0

1
χ∼ Z → 0

2
χ∼

0

1
χ∼ W → ±

1
χ∼

CMS Preliminary

Based on SUS-13-006

 discovery reachσEstimated 5

 [GeV]0

2
χ∼

 = m±
1

χ∼m
100 150 200 250 300 350 400 450 500

 [G
eV

]
0 1χ∼

m
0

50

100

150

200

250

300
)

0

1
χ∼)(H 

0

1
χ∼ (W → 0

2
χ∼±

1
χ∼ →pp 

1-lepton channel

Based on SUS-13-017

 discovery reachσEstimated 5

CMS Preliminary

H

 <
 M

0
1χ∼

 - 
m

0
2χ∼m

 (scenario A)-114 TeV, 300 fb

 (scenario B)-114 TeV, 300 fb

WZ+Emiss
T

WH+Emiss
T

Drastic enhancement in discovery potential with 300 fb−1 @ 14 TeV: up to
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performed a wide variety of searches for electroweak SUSY in
many final states, including decays to Higgs

probe charginos/neutralinos up to:

∼ 200− 300 GeV if no light sleptons
∼ 350− 740 GeV with various sleptons, under various assumptions

probe directly produced sleptons up to ∼ 300 GeV

electroweak SUSY program will benefit greatly from larger data
samples in future runs: chance for discovery!

Summary of CMS Physics results

CMS SUSY results

CMS-PAS-SUS-13-006 (19.5/fb EWKino search)
CMS-PAS-SUS-13-017 (19.5/fb EWKino with Higgs boson search)
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1 “Flavor-democratic”

˜̀
R heavy and decoupled from

(
˜̀
L

ν̃L

)
chargino couples universally to all sleptons

2 “Tau-enriched”(
˜̀
L

ν̃L

)
heavy and decoupled from ˜̀

R

wino component of chargino couples to sleptons through L-R mixing =⇒
proportional to lepton mass
higgsino component of chargino couples with yukawa coupling =⇒
proportional to lepton mass

3 “Tau-dominated”(
˜̀
L

ν̃L

)
heavy and decoupled from ˜̀

R

neutralino is a mixing of wino, higgsino, bino (democratic) =⇒ coupling to
taus depends on the bino fraction
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Konstantin Matchev and Myeonghun Park:

Phys. Rev. Lett. 107, 061801 (2011) (hep-ph:0910.1584)

for P→VC, where V - a visible
particle:

M2
CT = m2(V1) +m2(V2)

+2
[
ET(V1)ET(V2) + pT(V1) · pT(V2)

]

an endpoint:

Mmax
CT =

m2(P )−m2(C)
m(P )

if PP are not at rest, use ET and pT
components normal to ~UT:
~UT = − ~Emiss

T −~pT (V1)−~pT (V2)

p(p̄)

p(p̄)

U : !UT V1 : (m1, !p1T )

V2 : (m2, !p2T )

P
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C

C

Mp

↑

↓
Mc

↑

↓

T‖

T⊥

!UT

!p1T

!p2T
!/PT = −!p1T − !p2T − !UT

!p1T⊥

!p1T‖

!p2T⊥

!p2T‖
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