
Motivations

Based on “Naturalness”: lightest electro-weakinos expected to have
mass of ∼ O(100 GeV) ⇒ can be detected at the LHC!

Target
I direct production of χ̃±1 χ̃0

2 pair

Signature
I Wh-mediated with

3 leptons or 1 lepton + 2 b-jets
I R-parity conserved ⇒ significant missing

transverse energy (Emiss
T )

Signal Model: Simplified Models

I Cross sections are determined by the masses and composition of χ̃±1 and χ̃0
2, assumed to be wino-like and mass degenerate: mχ̃±1

= mχ̃0
2

ArXiv:1402.7029

I Lightest Supersymmetric Particle (LSP) ⇒ χ̃0
1 (bino-like)

I Sleptons and sneutrinos assumed to be heavy
I BR(χ̃±1 → W± χ̃0

1) = 1
I BR(χ̃0

2 → h χ̃0
1) = 1

I BR(h→ bb) = SM-like mh = 125 GeV
← 3 leptons (including tau new!)
1 lepton (e/µ) and 2 b-tagged jets from a Higgs boson →

ATLAS-CONF-2013-093

Signal selections in 3 leptons scenario Wh-mediated

I Hadronically decaying τ identification using jet anti-kt optimised with a boosted decision tree algorithm
I exactly 3 tagged signal leptons separated by ∆R > 0.3 (with ≥ 1 electron or muon, triggered)
I b-jets vetoed.

Flavour/sign
Emiss

T
Kinematics

SR0τa (20 bins) SR0τb SR1τ SR2τb
`+`−` , `+`−`′ `±`±`′∓ τ±`∓`∓ , τ±`∓`′∓ τ+τ−`

> 50 GeV > 50 GeV > 50 GeV > 60 GeV
20 bins using Emiss

T , p3rd`
T > 20 GeV p3rd`

T > 30 GeV ∑ pτT > 110 GeV
m`+`− and mT = ∆φmin

``′ ≤ 1.0 ∑ p`T > 70 GeV 70 < mττ < 120 GeV
√

2p`TE miss
T − 2p`T · pmiss

T m`τ < 120 GeV
Z veto:

mee /∈ [81.2, 101.2]

Signal selections in 1 lepton 2 b-jets scenario

I 2 signal regions sensitive to low (SRA) and high (SRB) ∆m = mχ̃±1 ,χ̃
0
2
−mχ̃0

1

Contransverse mass mCT(v1, v2) =
√√√√[ET(v1) + ET(v2)]2 − [pT(v1)− pT(v2)]2 → removes t t̄

Transverse mass mT =
√√√√2p`TEmiss

T − 2p`T · pmiss
T → removes W +jets

Number of b-jets
Lepton
Emiss

T
mCT
mbb
mT

SRA SRB
Exactly two b-tagged leading jets (MV1 @ 70%) no 4th jet with pT > 25 GeV

Exactly one baseline = signal lepton (trigger matched)
> 100 GeV
> 160 GeV

105 < mbb< 135 GeV
100 < mT< 130 GeV > 130 GeV

Background Estimates

Irreducible
background

Reducible
background

Uncertainty

SR0τ a/b SR1τ SR2τb
≥ 3 real, prompt and isolated leptons ⇒ estimated from MC

Dominant: WZ (*)
Others: VVV , t t̄V , tZ , Higgs boson production

Estimated using “matrix method”
t t̄ (dominant), Z+jets W +jets

MC generator MC cross-section ∼10% τ fake rate ∼10%
and cross-section ∼30% τ fake rate ∼10%

SRA SRB
Estimated from MC

t t̄ ∼47%, W +jets ∼27% t t̄ ∼31%, W +jets ∼20%
5% [diboson + Z+jets + t t̄V + SM Higgs production] 12%

QCD bb̄: lepton from b-decay fakes signal lepton
estimated using “matrix method” ⇒ negligible in CRs

Jet Energy Scale (JES) ∼9%, b-tagging ∼4% JES ∼11%, b-tagging ∼4%
Single-top ∼27% Single-top ∼16%

← A simultaneous fit of
the control and signal
regions is performed.
← Overall normalizations
of main backgrounds are
allowed to float, along with
the signal strength to
account for potential signal
contamination in the
control regions.

Results for χ̃±1 χ̃0
2 ⇒ 3 leptons in final-states
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Results for χ̃±1 χ̃0
2 ⇒ 1 lepton 2 b-jets in final-states

 [GeV]bbm

E
v
e

n
ts

0

2

4

6

8

10

12

14

16

18

20

 = 8 TeVsData 
SM Total

tt
single top
W+jets
Z+jets

+W/Ztt
WW/WZ/ZZ
WH
ZH

 = 130, 0 GeV
1

0χ
, m

2

0χ,
1

±χm
 = 225, 0 GeV

1

0χ
, m

2

0χ,
1

±χm

ATLAS Preliminary

1
L dt ~ 20.3 fb∫

SRA

 [GeV]bbm
0 50 100 150 200 250 300 350 400D

a
ta

/S
M

0

0.5

1

1.5
2

2.5
 [GeV]bbm

E
v
e

n
ts

0

2

4

6

8

10

12

14

16

18

20

 = 8 TeVsData 
SM Total

tt
single top
W+jets
Z+jets

+W/Ztt
WW/WZ/ZZ
WH
ZH

 = 130, 0 GeV
1

0χ
, m

2

0χ,
1

±χm
 = 225, 0 GeV

1

0χ
, m

2

0χ,
1

±χm

ATLAS Preliminary

1
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SRB
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W +jets
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Total
Observed

Si
gn

al (130,0)
(225,0)

SRA SRB
2.9 ± 2.8 1.0 ± 0.6
0.7 ± 0.4 0.3 ± 0.2
1.6 ± 1.3 0.6 ± 0.4
0.01+0.02

−0.01 0.00+0.01
−0.00

0.01+0.05
−0.01 0.05+0.07

−0.05

0.18 ± 0.10 0.12 ± 0.07
0.01 ± 0.01 0.11 ± 0.06
5.4 ± 3.1 2.1 ± 0.7

4 2
6.5 0.2
1.9 4.1

No significant excess above SM expectation found in data ⇒ 95% CLs limits calculated using pseudo-experiments for each SUSY model point

Interpretation for χ̃±1 χ̃0
2 ⇒ 3 leptons in final-states
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← Simplified
Model

pMSSM→
heavy Higgses,

q̃ and g̃
all decoupled.
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⇒ decay χ̃±1 χ̃0
2 → W /Z/h dominant

Interpretation χ̃±1 χ̃
0
2 ⇒ 1 lepton 2 b-jets in final states

I Model-independent limits in signal regions for the mbb signal bin [105,135] GeV. Observed 95% CLs upper
limits on expected number of signal event (S95

obs) and visible cross-section (σ95
vis) for non-SM events.

SRA SRB

Asymptotic Observed S95
obs ( σ95

vis ) 6.5 (0.32 fb) 4.4 (0.21 fb)
Expected S95

exp 7.0+3.1
−1.9 4.4+2.5

−1.5

Pseudo- Observed S95
obs (σ95

vis) 6.9 (0.34 fb) 4.4 (0.21 fb)
experiments Expected S95

exp 7.0+2.8
−1.6 4.4+1.8

−0.8

I Limits set on χ̃±1 /χ̃0
2 mass at -1σ signal theoretical

uncertainty (for mχ̃0
1

= 0), 95% CL exclusion:

125 < mχ̃±1 /χ̃
0
2
< 141 and 166 < mχ̃±1 /χ̃

0
2
< 287 GeV

I Expected exclusion range: 225 < mχ̃±1 /χ̃
0
2
< 235 GeV
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