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Overview
• (VHbb) Associated vector Boson production and 

H to bb decay, using Effective Field Theory (EFT) 

• Use Full Run-2 CMS data.

• Channel studied:
• 𝑍 → 𝜇𝜇/𝑒𝑒

• Use contact interactions to replace NP 
interactions.
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Aim

• Compare EFT effects in Reconstructed(RECO)-
level with Generator(GEN)-level.

• Obtain cross-sections in terms of EFT 
observables.

• Look for difference between the two caused 
by acceptance effect.
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EFT(Effective Field Theory)
• SMEFT(Standard Model Effective Field Theory): expansion from the standard model 

Higgs

• Dimension 5 and 7 violates conservation of lepton or baryon numbers
• Leading order – dimension 6
• Full set of operators generated in Warsaw Basis
• Looking for deviations of Wilson Coefficients 𝑐! from zero

Λ: set to equal 1 TeV
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SMEFT

• Using SMEFTsim for the leading 
order generation

• Most relevant Wilson 
Coefficients for production :
• 𝑐!"

($) , 𝑐!"
(&) , 𝑐!' , 𝑐!(

• Different coefficients for decay
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ATLAS-CONF-2020-053

ATLAS graph – sensitivity of different Wilson coefficients in various 
production channels



STXS Framework

• Events are Classified according to their STXS bin

• More fine-grained measurements

• reduce the folded theoretical uncertainties

• Parameterize signal bins with Wilson coefficients.
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STXS 1.2 bin:
• 0-75 GeV
• 75-150 GeV 
• 150-250 GeV 0j
• 150-250 GeV >0j
• >250 GeV

arXiv:1906.02754

http://arxiv.org/abs/arXiv:1906.02754


STXS Parametrisation - Production
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• STXS Prodution cross-section simulated in three parts:

• 𝜎#$% : interference term, involve a single SMEFT operator, Λ&' suppression
• 𝜎()*: pure SMEFT term, product of two SMEFT operators, Λ&+ suppression

𝜇# 𝑐, = -!"#!
-!$

= 1 + ∑,𝐴,#𝑐, + ∑,.𝐵,.# 𝑐,𝑐.
• Assume Λ&+ terms are negligible, signal event count can be expressed as linear function 

of the Wilson coefficients(𝑐,)
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ATLAS-CONF-2020-053



STXS Parametrisation - Decay
• Working with SM Higgs.
• SM Higgs Boson is a scalar particle with a narrow width.
• Expect production cross section and decay width factorise:

• Different Wilson Coefficients derived separately for the H→bb decay process
• Bins are merged because decay width doesn’t depend on kinematics
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ATLAS-CONF-2020-053



Reweighting
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• Reweight the existing Monte-Carlo samples, not generating new samples

• Separate for decay and production

• Working in the LO.

• Multiply the original Monte-Carlo weight with the ratio of the matrix-elements estimated on that event

• Feynman diagrams with different Wilson coefficients embedded in the Matrix element are generated using 

EFT2Obs 
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arXiv:1607.00763

https://arxiv.org/abs/1607.00763


Reweighting -
Production

STXS 1.2 bin:
• 400 : FWD
• 401 : 0-75 GeV
• 402 : 75-150 GeV 
• 403 : 150-250 GeV 0j
• 404 : 150-250 GeV >0j
• 405:  >250 GeV
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Reco-level Gen-level
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• Trying to see the effect if we set Wilson 
coefficients to be none-zero.

• Deviations from standard model is seen – so 
some of them must have non-zero 
parameters.
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Parameter Table – Production
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STXS 1.2 bin:
400 : FWD
401 : 0-75 GeV
402 : 75-150 GeV 
403 : 150-250 GeV 0j
404 : 150-250 GeV >0j
405:  >250 GeV



Parameter Comparison – Production
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• Quite Consistent

• Deviation observed– acceptance effect

STXS 1.2 bin:

400 : FWD

401 : 0-75 GeV

402 : 75-150 GeV 

403 : 150-250 GeV 0j
404 : 150-250 GeV >0j

405:  >250 GeV



Parameter Table 
- Production
• Compared with ATLAS results of 
parametrization at RECO-level

• Slight difference due to different 
acceptances and ATLAS study included 
more Wilson coeffients

• We are only comparing the most 
important ones(𝑐!"($) , 𝑐!"(&) , 𝑐!' , 𝑐!( )

• Overall quite consistent
Comparison graph in appendix
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ATLAS Measurement

Our Measurement
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Parameter Table - Decay
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• Different Wilson 
Coefficients due to 
different interaction.

• Very Consistent with 
ATLAS measurement –
bins are merged, so less 
deviation.

Reminder: bins are merged because 
decay width has no dependence on 
P_t

ATLAS Measurement

Our Measurement



SUMMARY
• Ran selection on GEN-level data – obtain RECO data

• Reweighted the Monte Carlo samples in both GEN and RECO level

• Parametrised Wilson Coefficients in both cases

• Compared to see difference caused by acceptance effect.

• Small deviation observed, but generally consistent
• Possible next step:

• Do a linear likelihood fit on the Wilson Coefficients
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Thank you!
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APPENDIX • Parameter table - RECO
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APPENDIX

• Parameter comparison with ATLAS
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• Decay Width formula – no dependence on kinematics:

• STXS bins are classified according to their P_t.
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arXiv:1904.06358

APPENDIX


