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2What is Electroweak Supersymmetry?

➤ Supersymmetry (SUSY) postulates 
there are (at least one) superpartner 
for all Standard Model particles 

➤ Electroweak SUSY refers to the 
superpartners of the electroweak 
gauge boson (EWKinos) and sleptons

➤ The EWKinos mix to form mass 
eigenstates - Charginos and 
Neutralinos

➤ In some situations electroweak 
production has higher cross sections 
and cleaner signatures than strong 
production - we should look there 
too! 

The Basics 

Neutralinos under certain conditions are 
Dark Matter Candidates! 



Motivation

➤ In 2015-2016 an analysis targeting 

electroweak SUSY in 2 and 3 lepton 

final states found excesses in 4 

orthogonal regions

● SR2L_LOW

● SR2L_ISR

● SR3L_LOW

● SR3L_ISR

➤ The analysis was frozen and a 

follow-up was issued 

A 2015-2016 Excess 3

https://arxiv.org/pdf/1806.02293.pdf


4Recursive Jigsaw Reconstruction

Targeting a mass degenerate 
Wino-like Chargino-1 &
Bino-like Neutralino-2 production

The Chargino decays to a W boson and 
Neutralino-1 

We design our analysis around the W 
boson decays



5Recursive Jigsaw Reconstruction

Leptonically  - 3 lepton 
Hadronically - 2 lepton 

Optional ISR



6The two approaches we take

Standard decay tree ISR decay tree 

SR2L_LOW & SR3L_LOW SR2L_ISR & SR3L_ISR



MET  j  2  j  1  ℓ  ℓ

7Recursive Jigsaw Reconstruction

Signature

  ℓ   ℓ   j  1   j  2 Ia Ib

LAB



8Recursive Jigsaw Reconstruction
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Vector Sum of Visibles + Invisibles
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An event defined in 
the         frame  

Arrows are object’s four 
vectors in 

the      frame   PP

We take ratios of these quantities
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frame drift - RPT 
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vectors in 

the      frame   PP
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PP

Momentum proportion of     frame PP

Smaller 
= 

better reconstruction
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An event defined in 
the         frame  

Arrows are object’s four 
vectors in 

the       frame   PP

PPPP
CM

LAB

We do not want jets to be 
in the direction of MET
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PPLAB

(Not RJ, but we use it)



MET  Jets  ℓ  ℓ

11Recursive Jigsaw Reconstruction

SignatureLAB

VIS INVISR

Transverse Components Only
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Our Analysis Approach
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14Background Estimation

2L
Major backgrounds:
✓ Diboson 
✓ Top-antitop 

production 
✓ Z+jets 

3L

The goal for signal region design is Signal/Background

Major backgrounds:
✓ Diboson 

For both Standard and ISR regions



15Background Estimation

2L

Major backgrounds:
✓ Diboson 
✓ Top-antitop 

production 
✓ Z+jets 

Our 2L background estimation strategy

Top

Diboson
Create region 
very pure in 
diboson

Normalise 
to Data

Z+jets

Create region 
very pure in top 
production

Use a 
Data-Driven 
approach to 
estimate 

Normalise 
to Data

Validate

Validate

Validate



16Background Estimation

2L

Major backgrounds:
✓ Diboson 
✓ Top-antitop 

production 
✓ Z+jets 

Our 2L background estimation strategy

Top

Diboson
Create region 
very pure in 
diboson

Normalise 
to Data

Z+jets

Create region 
very pure in top 
production

Use a 
Data-Driven 
approach to 
estimate 

Normalise 
to Data

Validate

Validate

Validate



17Additional Region Modelling

Great 
modelling in 
control 
regions 



18Additional Region Modelling

Great 
modelling in 
control 
regions 



19Background Estimation

2L

Major backgrounds:
✓ Diboson 
✓ Top-antitop 

production 
✓ Z+jets 

Our 2L background estimation strategy

Top

Diboson
Create region 
very pure in 
diboson

Normalise 
to Data

Z+jets

Create region 
very pure in top 
production

Use a 
Data-Driven 
approach to 
estimate 

Normalise 
to Data

Validate

Validate

Validate



20Z+jets Estimation

➤ Our Z+jets estimation problem 

MC
❌ Models data poorly in 

SR  

❌ Large uncertainties 

❌ Generator weights 
Incredibly large 

Common problem: 
“We can’t simulate 
this well, what do we 
do?”

Answer: Let the data 
tell you whats 
happening!  



Overview of the Method

1. Define your SR 

2. Define regions A, B, C, and D 

3. Calculate a data-driven estimate 

by subtracting non-Z+jets from 

data 

4. Calculate an estimate in your SR 

(C) 

5. Account for systematic 

uncertainties by varying 

boundaries and non-dominant 

cross sections 

ABCD Data Driven Estimate 21

2D ABCD plane

Data driven estimate

Relate the different regions via: 



22Z+jets Estimation

➤ Our Z+jets estimation problem 

MC ABCD

❌ Models data poorly in 
SR  

❌ Large uncertainties 

❌ Generator weights 
Incredibly large 

✓ Independent on Z+jets 
MC 

✓ Smaller uncertainties

❌ Only estimate, no 
modelling

Standard region estimate

ISR region estimate

COMPARISON



23Background Estimation

2L

Our 2L background estimation strategy

Top
CR/VR

Diboson
CR/VR

Z+jets
ABCD

Sim
u

ltan
eou

s 
Statistical Fit w

/ 
system

atics

2L SR

● Background estimate in 
the signal region 

● How consistent the data is 
w.r.t background 
estimates

○ Z-score (sigma)
○ How many signal 

events could be 
present at 95% 
confidence



24Background Estimation

3L

Our 3L background estimation strategy

Diboson
CR/VR

Sim
u

ltan
eou

s 
Statistical Fit w

/ 
system

atics

3L SR

● Background estimate in 
the signal region 

● How consistent the data is 
w.r.t background 
estimates

○ Z-score (sigma)
○ How many signal 

events could be 
present at 95% 
confidence

This is a 
considerably 
simpler analysis 



Concluding Remarks

➤ Electroweak supersymmetry is and 
remains an interesting benchmark 
scenario 

➤ We are following up on these two 
EWK regions from the 2015-2016 
dataset 

➤ By using Data-driven techniques 
we’ve improved upon passed results

➤ There is still plenty to learn : - )
➤ The next decade of the LHC is primed 

to be an interesting one!

Conclusion 25



Thanks for the 
Opportunity to Speak!



Additional Material
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28Recursive Jigsaw Reconstruction

How do we split the MET ?            

           
          We apply “Jigsaw Rules”

We set the pseudrapidity of 

invisibles (Ia+Ib) to the visibles 

(ℓℓ+ℓ) for each branch

Minimise the mass of (Ia+Ib)

Require Chargino-1 and 

Neutralino-2 to be the same 

mass

  ℓ   ℓ   j  1  j  2Ia Ib

LAB

Z W

Z𝛘0
2

𝛘 ±
1

𝛘/𝛘



29Recursive Jigsaw Reconstruction

LAB

CM

S

INVVIS

ISR

How do we determine ISR ?            

           
          We apply a Jigsaw Rule

We add take all combinations of 

jets into ISR and VIS and assign 

based on the minimum mass 

combination

ISR

  V



30Object Definitions

Muon definitions

Electron definitions

Jet definitions

➤ We use eta 2.4 not 2.7 as 
recommended (frozen object)

➤ Moved to FCTight from 
GradientLoose (not supported)

➤ We use eta 2.4 not 2.7 as 
recommended (frozen object)

➤ We moved to FCTight from 
GradientLoose (not supported)



31Preselection plots



32

Preselection modelling 
looks good

Preselection validation ( 2L above / 3L below)



Triggers and Monte Carlo



34Triggers and MC

We use standard dilepton triggers 
➤ ee triggers
➤ e mu triggers
➤ mu mu triggers

Summary of triggers

Summary of Monte Carlo Generators



R20 Region Breakdowns



36R20 Yields summary



Region Definitions



382L Region Definitions



392L ISR Region Definitions



403L Region Definitions



413L ISR Region Definitions



3L RJ treatment



43Recursive Jigsaw Reconstruction

  ℓ   ℓ Ia Ib

LAB

Z W

Z𝛘0
2

𝛘 ±
1

𝛘/𝛘

  ℓIc



44Recursive Jigsaw Reconstruction

  ℓ   ℓ Ia Ib

LAB

Z

Z𝛘0
2

𝛘 ±
1

𝛘/𝛘

  ℓ


