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Introduction

Approaches in this paper are general to any EFT analysis

We use matrix element based observables (MELA) in H—4|
Could just as well use Machine learning or analytical calculations

Example: Consider VH production: Target SM vs BSM

ML (MLA) vs ME (MELA)

Construct Observables for:
SM vs Quadratic Dim-6 (Red)
SM vs Linear Dim-6 (Grey)
SM vs Linear + Quadratic (Purple)
Kinematics (Blue/Orange)

ML approximates the Analytic
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SMEFT Analysis in H—=4| decays

(1) Process (at LHC) MC event generator (1)
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Operator Considerations
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* Target the 8 Couplings that directly impact HVV vertex

e QOther Operators can generate 4| final state

* Ex: Cflfz Cff generates:
s H- Z/]/ [t~ Eee——)
« Z/y* > 1T

* Better constrained in other processes




Operator Considerations
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» Consider kinematics of C®WB in H — 4¢ . 3

* Anomalous HZZ, HZy, Hyy interactions (Z”) — (Cf)s Ow —sin QW) (WM)
e Alsoin COW c¢B Ay sinfyy  cos Ow B,

» Rotate operators to align with mass-eigenstates: i.e single parameter for each interaction


https://arxiv.org/abs/2109.13363

Operator Considerations

* Each Lagrangian basis should be equivalent
* Single operator per interaction

Other considerations:
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Analysis Strategy

* Tools allow for general anomalous,
couplings but we work in SMEFT ~" 1
|

* General Analysis Strategy
« SU(2) x U(1) (SMEFT)
* 7 Independent AC, 1 Dependent

I Note For this analysis we enforce the SMEFT |
"""""""""""""""""""" 1 I relations at the template level!
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* Problem for EFT analysis! How to construct observables from
7 dimensional space?

In EFT limit there are 7 optimal observables for interference

 Even with 4 bins in each observable — 16,384 bins!

 Minimize information lost in going from O(10k) = O(100)

Must reduce the binning in order for analysis to be feasible




ROC curves

* ROC curve typically used to quantify performance of observables

 AUC measures separability of two hypothesis
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*What do we do in EFT limit where

interference is the leading term? R
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With interference, AUC is no longer a
good metric! For some interference
AUC evaluates to 0!
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Merging Procedure

* Iflam limited experimentally by the number of bins, how can
| ensure that | do not lose information when making my
histograms?

* Take advantage of properties of the new LoC metric

LoC = Z \/Z (Hi(h))z

* |nvariant under exchange of label or bin!

N\ 2
D=3 S e (B O g0 H0)

h h'>h

e Smallest score determines bin minimizes loss
. Minimal Loss Merging (MiLoMerge)




Generalized Example

Discriminant
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Procedure

e Starting with LHE H — 4| events

. Apply Analysis level cuts:
. pL > 5GeV

In*| < 2.5GeV

12GeV < M, < 120GeV

 Determine optimal binning for 1D discriminant projections

Construct 7D observable using optimal binning along each
discriminant axis

 Merge bins to minimize information loss

e Goal: Characterize the full H — 4l decay using only 100 bins!
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Checking performance in a

nalysis
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Checking

pe

rformance in analysis
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Checking performance in analysis
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More comparisons
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Conclusion

Outline general phenomenological procedure for SMEFT
analysis

Discuss Operator Considerations in H — 4 decays

Establish method for constructing optimal observables out of
complex multidimensional spaces:

(1) use either analytical or ML tools to construct most optimal EFT
observables

(2) novel MiLoMerge approach to create optimal binning
(3) new LOC technique for validation and optimization
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