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๏ Gauginos and Higgsinos
- Neutral ones: Bino, Wino, Hu0, Hd0

- charged ones: Winos, Hu+, Hd-

๏ Parameters: M1, M2, µ, tanβ

~~
~~

๏ Neutralinos and charginos

Electroweakinos	

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	



Introduction 

Assumptions in the scan: 
•  Decouple the squark and slepton sectors 
•  Impose Higgs mass constraint 
•  Enforce LEP limits 
•  Avoid small mass splittings (n.b. loop-corrections) 
•  Explore properties related to on-shell and off-shell 

decays via W/Z/h bosons 
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Motivation and theoretical background: 
 See previous talk by Shufang Su! 

Goal: To explore the LHC/ILC reach in the MSSM 
electroweak sector with a comprehensive scan in M1, M2 
and mu. Study prospects of discovery/exclusion reach 
of both LHC/ILC for electroweakino direct production. 



4	

Electroweakino Direct Production 
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FIG. 2: Feynman diagram for neutralino/chargino pair production.

standard electroweak processes. The leading contributions under our consideration are the Drell-

Yan processes via the s-channel exchange ofW/Z/γ, as shown in Fig. 2,

pp → χ±
i χ0

j X, χ+
i χ−

j X, χ0
i χ

0
j X, (12)

where i, j = 1 . . . 4 for neutralinos and i, j = 1 . . . 2 for charginos, and X generically denotes the

hadronic remnants. Dominant processes are typically those that involves two Wino-like or two

Higgsino-like states, since their relevant couplings toW , Z and γ are unsuppressed. Furthermore,

neutralino-chargino pair productions via W -exchange in Fig. 2 (a) has the largest cross sections

due to the large SU(2)L coupling. There could also be t-channel contributions with the exchange

of u- and d-squarks, which often result in destructive interference with the s-channel diagrams. In

our current treatment, we will neglect those effects under the assumption of heavy squarks.

The charginos and neutralinos could also be produced via weak boson fusion (WBF) processes

qq′ → qq′χ+
i χ0

j , qq′χ+
i χ−

j , qq′χ0
i χ

0
j ... (13)

Due to the substantially smaller production rates than the Drell-Yan type mechanism, these chan-

nels do not contribute much to the inclusive signal of our consideration. On the other hand, if a

signal is observed via the DY processes, the unique kinematics of the forward-backward jets make

the signal quite characteristic and it will be worthwhile to take the challenge in searching for and

studying these channels [12].

We now present the signal production rates via the DY processes as a function of a relevant

mass parameter, in all the scenarios discussed in the last section. We show these in Fig. 3 at the

13 TeV LHC, including the next-to-leading oder (NLO) QCD corrections, which is about 10%

increase to the overall cross sections (TH: I thought it should be about 30%. I’ll check and

10

Dominant production: 
๏ Wino pair production: cha-cha, cha-neu
๏ Higgsino pair production: cha-cha, cha-neu, neu-neu
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LHC limits 

 [GeV]
1
±r¾, 

2
0r¾

m
100 150 200 250 300 350 400

 [G
eV

]
0 1r¾

m

0

50

100

150

200

250

300

0
1r¾

 < 
m

0
2r¾m

Z
 = 

m
1

0
r¾

 - m
2

0
r¾m

1
0
r¾ = 2m

2
0
r¾m

0
2

r¾
 = m±

1
r¾m

1
0

r¾ (*) Z
1
0

r¾ (*) WA 0
2

r¾ ±
1

r¾

ATLAS Preliminary
=8 TeVs, -1 L dt = 20.7 fb0

Nu
m

be
rs

 g
ive

 9
5 

%
 e

xc
lu

de
d 

m
od

el
 c

ro
ss

 s
ec

tio
ns

 [p
b]

4.67 2.10 0.75 0.41 0.28 0.14 0.11 0.09

1.68 3.43 0.94 0.42 0.28

1.30

2.03 1.41 2.02 0.68 0.32 0.16 0.11 0.101.44 1.39 0.95 0.48
1.30

13.66 1.73 1.16 1.46 0.51

13.94 1.59 1.16 1.19 0.25 0.14 0.11

1.33 0.84 0.22 0.13

1.22 0.77 0.20

)theory
SUSYm1 ±Observed limit (

)expm1 ±Expected limit (

 = 8 TeVs, -1ATLAS 13.0 fb
All limits at 95% CL

3 leptons + MET	

Simplified model:
��0

1 is bino, ��±
1 and ��0

2 are wino and degenerate

100% BR into W/Z assumed	 ATLAS-CONF-2013-035	

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	



6	

LEP limits 
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Simulation Tools 
For LHC: 
Delphes fast simulation – See plenary talk by Sanjay Padhi! 
 
For ILC: 
Simulation à Grande Vitesse (SGV): Covariant matrix machine 
•  Event generation & simulation on-the-fly 
•  Particle flow calorimetry treatment 

SGV Tracker simulation

SGV: How tracking works
SGV is a machine to calculate covariance matrices

Follow track-helix through
the detector-layers

(Fringe benefit of stepping:
EM-interactions in detector
layers simulated)

Calculate cov. mat. at perigee,
including material, measurement
errors and extrapolation.
Smear perigee parameters (Choleski
decomposition: takes all correlations
into account)
Helix parameters exactly calculated,
errors with one approximation: helix
moved to (0,0,0) for this.
Other stuff:

Plug-ins for particle identification,
track-finding efficiencies,...
Information on hits accessible to
analysis.

Mikael Berggren (DESY-HH) SGV ECFA LC, May 2013 4 / 12

SGV Tracker simulation

SGV and FullSim: P
T

and D0 resolution
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Energy and Luminosity 

LHC: 
•  √s = 14 TeV 
•  Integrated Luminosity = (t.b.d) 

 
ILC: 
•  √s = 500 GeV 
•  Integrated Luminosity = 500 fb-1 

•  Beam polarization P(e+,e-) = (+0.3,-0.8) 
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Scan parameters 

Common parameter ranges are used in the scan. 
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M1	 M2	 mu	

Bino LSP	 100 GeV 
(LSP)	

140-980 GeV 
in 40 GeV steps	

150-1000 GeV 
in 50 GeV steps	

Wino LSP	 150-1000 GeV 
in 50 GeV steps	

100 GeV 
(LSP)	

140-980 GeV 
in 40 GeV steps	

Higgsino LSP	 150-1000 GeV 
in 50 GeV steps	

140-980 GeV 
in 40 GeV steps	

100 GeV 
(LSP)	

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	



Search strategy 

Assume prompt electroweakino decays. 
 
For LHC: 
•  Trigger on visible decay products 
•  Explore final states: WW, WZ, Wh, ZZ, Zh, hh 

–  e.g. Wh channel: 1 lepton + jets + MET 
 
For ILC: 
•  For mass differences >= 30 GeV: 

–  4 jets + missing 4-momentum 
•  For small mass differences: 

–  ISR photon + few soft particles 

10	Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	
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LHC: Wh channel (1) 

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	

Possible future LHC searches with Higgs in the final statePossible future LHC searches with Higgs in the final state

April 3rd, 2013. Snowmass Energy Frontier Workshop, BNL.         23                                                                                           Sanjay Padhi

Reconstruct Wh with Wlν and hbb	



LHC: Wh channel (2) 

Sensitivity to large electroweakino masses 
•  Expected lower limit ~250 GeV for LHC14, 10 fb-1 

Result of other channels will be combined (work in progress…) 

12	Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	

Possible LHC searches with Higgs in the final statePossible LHC searches with Higgs in the final state

Signal region

 Higgs Transverse Mass (Event simulation using Delphes)

 Background dominated by ttbar events

April 3rd, 2013. Snowmass Energy Frontier Workshop, BNL.         24                                                                                           Sanjay Padhi

Cut on transverse mass 
between the Higgs and MET to 
remove ttbar background. 
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ILC: 4 jets + missing 4-momentum 

Event selection based on: 
•  Number of particles 
•  Large missing energy 
•  Missing momentum not 

along the beam pipe 
•  Require minimum jet 

energy 
•  Jet finder transition values 
 
Inclusive SUSY signal is 
well reconstructed for 
mass differences > 25 GeV. 

General strategy: 
Reconstruct the hadronic decay of the 
chargino: 4 jets + missing 4-momentum 
signature. 
 
Choose jet combination most consistent 
with the same dijet mass.	

e�

e+

W+(⇤)

W�(⇤)

�̃+
1

�̃�
1

�̃0
1

�̃0
1

4 
je

ts
	

M�̃0
1
= 90.9 GeV

M�̃±
1
= 165.9 GeV

M�̃0
1
= 77.8 GeV

M�̃±
1
= 105.5 GeV

M�̃±
2
= 226.5 GeVTomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	



14	

ILC: ISR photon + soft particles 

Chen, Drees, Gunion 
[arXiv:hep-ph/9902309]	

The ISR tag is critical in reducing γγ 
backgrounds by kicking the hard forward 
electrons into detector acceptance. 
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For the soft particles: 
Choose “semileptonic” signature: 
lepton on one side + pions on the other side. 
 
(Analysis in progress…) 

Higgsino BR	

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	



15	

ILC: Mass resolutions 
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Figure 5: Mass determination: a) Energy spectrum of the W± candidates reconstructed from
events selected as χ̃±

1 pairs and b) Energy spectrum of the Z0 candidates reconstructed from
events selected as χ̃0

2 pairs. In both cases, the Standard Model contribution has been fitted
seperately before fitting the total spectrum.
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Chargino	 Neutralino	

à Typical mass resolutions O(1)% 

4 jets + missing 4-mom.	

ISR + soft particles	
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List, Suehara [arXiv:0906.5508]	

Berggren, Brümmer, List, 
Moortgat-Pick, Robens, 
Rolbiecki, Sert [To appear]	
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Results (1) 

ILC500, 500 fb-1 observation	

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	

Bino LSP: M1=100 GeV, tanβ=10	

250 GeV	

250 GeV	

ILC: Need NLSP in kinematic range, limits up to half the CM energy. 
LHC: reach will be extended by	

LHC14, 10 fb-1 

WH analysis 
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Results (2) 

Tomohiko Tanabe, Snowmass Energy Frontier Meeting @ Seattle, June 30, 2013	

ILC500 observation	

Wino LSP: M2=100 GeV, tanβ=10	

(ISR analysis to come…)	

LSP and NLSP are nearly 
degenerate for large mu. 
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ILC500 observation	

Higgsino LSP, mu=100 GeV, tanβ=10	
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LSP and NLSP are nearly 
degenerate for large M1 & M2 

ISR analysis should be sensitive for both cases. 



Summary and outlook 

•  Naturalness arguments call for the 
investigation of a light electroweak sector in 
the MSSM. 

•  Parameter scans are being performed for all 
cases: Bino LSP, Wino LSP, Higgsino LSP. 

•  The complementary of the LHC/ILC is 
expected to be demonstrated. 

•  Whitepaper to be submitted to the Snowmass 
process!! 
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Possible LHC searches with Higgs in the final statePossible LHC searches with Higgs in the final state

With background only hypothesis, one can be sensitive to ~ 200 GeV in massWith background only hypothesis, one can be sensitive to ~ 200 GeV in mass

April 3rd, 2013. Snowmass Energy Frontier Workshop, BNL.         25                                                                                           Sanjay Padhi
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tanbeta dependencytanbeta dependency
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Light Electroweakinos 

Higgsino mass µ should be around O(100) 
GeV to avoid fine-tuning. 
 
Possibly with small mass splitting. 
 
à Motivates search for light electroweakinos.  

Will consider in particular models where all 
other SUSY particles are heavy. 

m2
Z = �2

�
m2

Hu
+ |µ|2

�
+ O(cot2 �)
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