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JHUGen Framework 
• JHUGenerator

• Simulate wide range of processes involving spin 0,1,2 particles with a 
general coupling model 

• JHUGen MELA – Matrix Element Likelihood Approach

• Calculate observables to optimally isolate processes or operators 

• Reweight generated samples from one hypothesis to another 

• JHUGenLexicon

• Tool for translation between different EFT bases and the JHUGen
amplitude basis convention

2See talks: 
H. Roskes at LHC EFT WG 
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https://spin.pha.jhu.edu/

https://indico.cern.ch/event/971724/contributions/4130129/attachments/2162315/3648679/EFT tools in the JHUGen framework.pdf
https://indico.cern.ch/event/858682/contributions/3837206/attachments/2031565/3400201/JHUGen.pdf
https://indico.cern.ch/event/868940/contributions/3813559/attachments/2082740/3498460/jhugen_ichep2020.pdf
https://indico.cern.ch/event/900384/contributions/4063561/attachments/2131072/3588972/20201028.pdf
https://indico.cern.ch/event/966917/contributions/4072034/attachments/2128148/3583366/talk_LHCHWG_offshell_JHUGen_2020.pdf
https://indico.cern.ch/event/393369/contributions/1830318/attachments/787118/1078935/mschulze_jhugen.pdf
https://spin.pha.jhu.edu/


JHUGen Framework 
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JHUGenLexicon
JHUGen
MCFM-JHUGen

JHUGen

MELA

MELA
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JHUGenerator

• New support for tWH process 
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arxiv: 2104.04277
arxiv:2002.09888

See recently:

tH

https://arxiv.org/abs/2104.04277
https://arxiv.org/pdf/2002.09888.pdf


• HVV couplings parameterized by tensor structures which allow for modelling of 
any EFT effects

• EFT effects in VBS are included in off-shell simulation 

• Using JHUGenLexicon we can map these amplitude couplings to any other EFT 
basis we want:

• Enforce SU(2) x U(1) to translate between Amplitude basis and EFT bases

Anomalous Couplings and EFT
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𝑍γ & γγ couplings well constrained by direct 
𝐻 → 𝑍γ , γγ measurements 



External Constraints 
• Any EFT Basis with SU(2) x U(1) symmetry allows for some 

shift to the W mass and Zff couplings, etc. 
• δ𝑚 in Higgs Basis, 𝑐𝐻𝑊𝐵 in Warsaw Basis (W mass) 

• 𝑐𝐻𝑊𝐵 shifts Zff couplings

• Some EFT effects better constrained by EW precision 
measurements. Enforce these constraints in JHUGenLexicon
• “Custodial Symmetry”

• Fixes W mass to SM value
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Comparison of EFT Modeling
• Mass Eigenstates useful for simulation in experiment 

• Need to be able to generate samples in both Mass 
(Amplitude/Higgs) and Gauge Eigenstate basis (Warsaw)

• JHUGen v7.5.1 – parameterize directly in anomalous 
couplings

• SMEFTSim v 2.1 – parameterize in Warsaw Basis
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Simulate SM & 𝑐𝐻𝑊 = 1 𝑐𝐻𝑊 = − 0.0929𝑔2
𝑍𝑍 − 0.0513𝑔2

𝑍γ
− 0.0281𝑔2

γγ

Agreement between JHUGen (Amplitude Basis) and SMEFTSim (Warsaw Basis)
Jeffrey Davis (JHU)



Comparison of EFT Modeling 𝑍/γ∗𝐻
• We observe agreement in production kinematics
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ZH production
SM couplings & 𝑐𝐻𝐵 = 100
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𝑐𝐻𝐵 = − 0.0283𝑔2
𝑍𝑍 + 0.0513𝑔2

𝑍γ
− 0.0929𝑔2

γγ

EFT introduces γ∗𝐻 contributions at low 𝑞2



Comparison of EFT Modeling VBF
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VV->H
Example: Simulate SM &          = 10

𝑐𝐻𝑊 = − 0.0513𝑔4
𝑍𝑍 + 0.0323𝑔4

𝑍γ
+ 0.0513𝑔4

γγ

Jeffrey Davis (JHU)

EFT introduces γγ and Zγ fusion enhanced 
contributions at low 𝑞2



Sign Conventions in Various Tools
• Relative sign between 𝑐𝑧γ in JHUGen and SMEFTSim are opposite

• Interference between 𝑍γ couplings and others depend on relative sign
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Difference in φ Distributions when 
assumed convention is the same 

Agreement in φ Distributions when 
difference in conventions is correctly 
accounted for 

Taking 𝑐𝑧γ = 1 −> -1 In JHUGen
Jeffrey Davis (JHU)



Summary of sign conventions 
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Interference effects between 𝑐𝑍γ and SM 𝑐γγ couplings dependent on sign convention



EFT Analysis 
• Measure Higgs cross section as a function of anomalous 

couplings

• Each event has a probability of belonging to a certain 
hypothesis 
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Maximum likelihood calculated for EFT 
hypothesis to match measured cross 
section/kinematic distributions

Jeffrey Davis (JHU)

α are functions of kinematic observables Ω and 
can usually be factorized into both production and 
decay 
Γ𝑡𝑜𝑡 purely dependent on anomalous couplings

𝑑

𝑑Ω



EFT Analysis 
13

(Function of anomalous couplings)
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𝑓 = 𝑏ത𝑏, 𝑐 ҧ𝑐,𝑊+𝑊−, 𝑔𝑔, τ+τ−, 𝑍𝑍/𝑍γ∗/γ∗γ∗

Total width directly dependent 
on anomalous couplings 

• Analytic formulas are calculated for 𝑅𝑓
, 𝑍γ, γγ, μ+ μ−



Sensitivity to EW corrections 
• Sometimes EW corrections are modelled as effective 

point-like couplings 𝑔2
𝑍γ

and 𝑔2
γγ

which model 𝐻 → 𝑍γ,γγ
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Type of Correction Correction to 
SM ggH->4l 
Cross Section 

EW NLO (Prophecy4f) +1.50 %

LO+Effective g2 (JHUGen) +1.96 %

LO+Effective g2 (Linear Only) -0.60 %

σ𝑔𝑔→𝐻→4𝑙 ∝ (𝑔1
𝑍𝑍)2 + (𝑔1

𝑍𝑍)(𝑔2
𝑍γ,𝑆𝑀

) + ⋯+ (𝑔2
γγ,𝑆𝑀

)2+…

Linear Terms
Full EW NLO

Squared Terms
Effective g2 Squared terms for effective point-like 

couplings have different decay 
kinematics than NLO EW corrections𝑔2

γγ,𝑆𝑀
= 0.00377𝑔2

𝑍γ,𝑆𝑀
= -0.00659

https://www.researchgate.net/publication/341044505_Prophecy4f_30_A_Monte_Carlo_program_for_Higgs-boson_decays_into_four-fermion_final_states_in_and_beyond_the_Standard_Model


MELA Observables
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MELA calculates optimal observables 
from matrix elements to distinguish 
between various anomalous coupling 
hypotheses 

• Events have many kinematic observables
• We construct observables that utilize all 

kinematic information 



Constraints on EFT couplings
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Projected constraints 
on Higgs basis 
couplings for 3000 fb

CMS placed constraints on 
EFT couplings in Warsaw 
and mass-eigenstate bases 
using JHUGen, MELA, and 
JHUGenLexicon

CMS: arXiv:2104.12152Jeffrey Davis (JHU)

Better constraints than 
more general methods 
(STXS) for specific 
couplings only

https://arxiv.org/abs/2104.12152


Conclusion

• Careful construction of MELA discriminants allows for 
tighter constraints on specific EFT couplings
• Amplitude (mass-eigenstate) basis clearly separates event 

topologies to make optimal MELA observables

• Use external constraints from non-EFT measurements 
• W mass, 𝐻 → γγ, 𝐻 → 𝑍γ

• Rotate results back to Warsaw (gauge-eigenstate) basis to place 
constraints on eft couplings in different basis

• JHUGen package used extensively for EFT analysis on LHC

• Sensitivity to 𝑔2
𝑍γ,𝑆𝑀

, 𝑔2
γγ,𝑆𝑀

implies sensitivity to NLO EW 
corrections.

17

Jeffrey Davis (JHU)


