
Summary
Low energy: J. Berengut, E. Fuchs

Tools: G. Durieux, G. Kasciezka, A. Wulzer
BSM Pheno: M. Szewc, T. Vazquez Schroeder, J. 

Zupan
BSM Higgs: R. D’Agnolo, A. de Wit



BSM Higgs
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Higgs Mass Naturalness
1. It’s not calculable

a. SM-like
b. Act of God

2. It’s calculable and tuned (missing from the original list, thanks Dario)
3. Symmetry
4. M_QG << M_Pl
5. Multiverse

a. Anthropic
b. Dynamical
c. Statistical
d. Simulation (Act of God #2)

6. UV/IR Mixing
a. Dynamical
b. Consistency

7. Modifications of Gravity
8. It’s not on the list
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Higgs Mass Poll
1. Would you take a bet with 30/70 odds on the origin of the Higgs mass?

a. Yes 10
b. No 9
c. Abstained ~ 15

2. Would you take a bet with 5/95 odds on the origin of the Higgs mass?
a. Yes 8
b. No 11
c. Abstained ~ 15

3. Would you bet 1000$ on one of the options on the list (double or nothing)?
a. Yes 6
b. No ~ 28

4. Would you bet 10000$ on one of the options on the list (double or nothing)?
a. Yes 1
b. No ~ 33
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Higgs Mass Poll #2 (Multiple Votes are Allowed)

1. It’s not calculable [2]
2. Symmetry [19]
3. M_QG << M_Pl [4]
4. Multiverse [5]
5. UV/IR Mixing [3]
6. Modifications of Gravity [1]
7. It’s not on the list [3]
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HHH triple Higgs production (at HL-LHC)
HHH still unexplored by experiments: SM predicts extremely tiny XS (~0.1fb - ~300 events at HL-LHC)
Could we be sensitive to deviations from the SM? Through trilinear or quartic self-coupling deviations?

k3 k3

k4

Target goals
● cross-check: does the analytical form of the HHH XS as a function of (k3,k4) depend on the 

center-of-mass-energy? (available at 27 and 100TeV from literature)
● 2D map of the HHH XS as a function of k3 and k4, at sqrt(s)=14TeV

(coupling strength modifier for trilinear and quartic self-couplings)
● Higgs kinematics as a function of (k3,k4)
● (potentially) sensitivity study of HHH(6b), HHH(4b2tau), … 

(Note that we expect larger sensitivity to the trilinear coupling from this process) 6

Contact: C . Pandini



HHH triple Higgs production (at HL-LHC)
m(HHH) as a function of (k3,k4)XS(HHH) analytical prediction

14TeV
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Contact: C . Pandini
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Contact: G. Cacciapaglia

From E . Jourd’hui & J. 
Xiao

M(γ1γ2)

γ1
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Contact: G. Cacciapaglia



Generalized Georgi Machacek Model
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Contact: A . Crivellin



Associated Production of a 95 GeV Scalar
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Contact: A . Crivellin



VLQ decays through new scalars
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From R . Dermisek 
and J. Butterworth



(BSM)2
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Precision BSM

● Goal: compile list of cases where precision calculations are important for BSM 
searches. 

● Possible ways to improve precision (e.g. faster higher order corrections) → 
code improvements

● Awareness (e.g. large uncertainties in particular observable shapes)

14

Contact: M . Spira



Precision BSM
Contact: M . Spira

List of topics linked here: https://phystev.cnrs.fr/wiki/_media/2023:precisionbsm.txt 
→ Writeup outlining the issues (improving awareness) 15

✔
✔

https://phystev.cnrs.fr/wiki/_media/2023:precisionbsm.txt


Emerging Jets
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Contact: José Zurita, 
Manuel Szewc



Emerging Jets
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Contact: José Zurita, 
Manuel Szewc

First crack: model p(jets) using a permutation invariant hierarchical mixture model

Example: gg vs tg, gt 
with toy data 

generated from MC 
data → Model recovers 

themes + proportion



Let it B: what’s left of the B-anomalies
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Lecturer: Gino Isidori



LLP Reinterpretation
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Contact: Andre Lessa



Tools
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Energy correlators
- Energy correlators are field-theoretically clean probes of QCD dynamics. In Les Houches we discussed explored potential 

phenomenological applications. 

Main discussion around

How to construct statistically optimal

 probes of the W boson density matrix out of ECs.

We’ve also discussed many other exciting directions:

- Can we use them for dissecting top quark decay? A cleaner extraction of the top mass? 
- Automatization of multi-dimensional EC calculation.
- Flavoured Energy Correlators? 
- Probe EFT operators via back-to-back correlations in dijet searches
- Time-dependent energy correlators

25

Contact: Marc Riembau



EFT on-shell contact: Gauthier Durieux

Several topics discussed: [Hesham, Julie, Marc, …]

● Missing “easy” two-loop anomalous dims
○ From just tree-level amplitudes (triple cuts) and 

possibly also finite one-loops (double cuts)

● Rational ε/ε terms due to Dirac algebra 
in d-dim vs. 4-dim on-shell cuts

○ “Evanescent” operators, d-dim Fierz and 
associated scheme dependences

● Tree-level recursion relations with 
massive particles and EFT interactions
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Signal agnostic searches based on ML tools
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Classifying Anomalies THrough Outer Density Estimation (CATHODE, 2109.00546 )

New Physics Learning Machine (NPLM, 1806.02350)

● Resonant anomaly detection
● Assumption: localised signal in y variable
● Learn p(x|SM) from the side band (SB) regions
● Train a classifier c(x) to distinguish data and background samples 

in the signal region (SR)
● Apply a selection based on the classifier output score (c(x)>thr) to 

get a signal enriched sample
● Scan windows in y (BumpHunt search)

● Signal agnostic statistical test for New Physics 
discovery (GOF method)

● Maximum likelihood ratio test, solved as a ML 
problem (output a p-value)

● Deals with systematic uncertainties affecting 
the background model (2111.13633)

Contact: M. Sommerhalder, G. Grosso



Resonance searches without BumpHunt?

28

Contact: M. Sommerhalder, G. Grosso

Possible combinations that we want to test:
● p(x, y|SM), c(x), y[c(x)>thr] (CATHODE) —> NPLM on y[c(x)>thr] (1 dimensional analysis)
● p(x, y|SM), c(x) (CATHODE) —> NPLM on (y, c(x)) (2 dimensional analysis)
● p(x, y|SM) (CATHODE) —> NPLM on (y, x) (n+1 dimensional analysis)

Study the trade-off between:
● Sensitivity degradation due to scale of dimensionality in NPLM
● Robustness of hyper-parameter selection in CATHODE

Datasets: LHC Olympics dataset (moving to NPLM benchmarks, QCD/top jets dataset in the future)

Points emerged from the first hands-on sessions:
● We identified some technical issues affecting the combination and figured out possible strategies to solve them
● We discussed the problem of systematic uncertainties that may arise from CATHODE modelling of the 

background: which ones and how to properly describe them through nuisance parameters?
● We considered to compare with the alternative solution proposed by Manuel Szewc et al. (2210.02226) to test 

for independence of y and c(x))

Code availability (longer term goal): general framework for signal agnostic tools

CATHODE+NPLM
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Classifier-based metrics for generative models at HEP
Various generative models on the market, but only limited thoughts on how well do their jobs. Idea: Propose new metrics and 
evaluate them on a class of generative models.

Work while at Les Houches

● Review of generative metrics and related literature
○ GAN and VAE are no longer the status-of-the-art, investigated also with ATLAS full-sim in 2210.06204
○ More focus on NF, diffusion models are gathering interest
○ Some recent efforts more towards NF, see 2302.12024, 2211.10295

● Discussion on possible datasets and usecases
○ Multi-D gaussians, not limited by statistics, code available, more in 2302.12024
○ CaloChallenge, 2022 edition, more here
○ Z+jets events used in 2305.10475

● Discussion on metrics and next steps
○ Non-classifier metrics: Wasserstein distance, Frechet physics distance, Frobenius norm, KS test, etc.
○ Classifier metrics: classifier accuracy (2106.05285), multi-model classifier (2211.11765), classifier weights 

(2305.16774), NPLM (1806.02350)

Main direction of investigation: investigate NPLM on NF trained on gaussians, then possibly expand on more datasets and generative 
methods. 

https://arxiv.org/abs/2210.06204
https://arxiv.org/abs/2302.12024
https://arxiv.org/abs/2211.10295
https://arxiv.org/abs/2302.12024
https://calochallenge.github.io/homepage/
https://arxiv.org/abs/2305.10475
https://arxiv.org/abs/2106.05285
https://arxiv.org/abs/2211.11765
https://arxiv.org/abs/2305.16774
https://arxiv.org/abs/1806.02350


Classifier-based metrics for generative models at HEP
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● GitHub with some code is already available in NF4HEP organisation, link
● First task assigned, overleaf document will grow here
● Looking forward to keep working on this project. Contacts: A. Coccaro & R. Torre

https://github.com/NF4HEP/GenerativeModelsMetrics
https://github.com/NF4HEP/GenerativeModelsMetrics


ML reinterpretation: Guidelines for the future

Many analyses use advanced ML methods for both object/event handling.  
Publishing ML models + validation information is crucial to enable reinterpretation.

Only small handful of analyses with public ML material.  

Goal is to provide a “LH guidelines/wishlist” document focusing on

● Storing and sharing networks
● Validation Information: inputs, outputs and the network itself.
● Impacts on analysis design

○ Can we use more helpful inputs?
○ When are efficiencies/a surrogate a better choice?

Started documenting on overleaf.

Contact:
Tomasz Procter, Sezen Sekman



ML reinterpretation: surrogate models
● Can a model trained on high level features give us
●  a good representation of a low level tagger?
● Made workflow for initial tests using open data
● Parton vs Particle vs Reco approach
● Some promising early results!
● Feel free to throw your own NNs at the dataset!

Full low level features:
particle flow constituents 

with kinematic, PID & 
displacement

Target Model: ParT_Full

Restricted low level 
features:

particle flow constituents 
with kinematic, PID & 

displacement
Target Model: ParT_Kin

Already 
available

High level features from 
Delphes/Smearing

jet: pt, η, φ, E
nparticles, msoftdrop

τ1, τ2, τ3, τ4

Truth level kinematics
including parent label

jet η, φ, pid, pt, 
truthmatch

Reco Level Surrogate Parton Level Surrogate

Truth level 
kinematics

(stable Pythia 
particles but no 

parent ID)

Particle Level Surrogate

Plots: Jan 
Kieseler

Diagram:
Gregor Kasieczka
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Low-energy precision tests

Image: Andy Potts/ https://www.5280.com/countrys-accurate-atomic-clock-boulder/



Big questions

36

Which well-motivated 
models predict light 
new particles?

Which observables in atoms 
& ions can be measured 
very precisely?

Find motivated scenarios that are testable in the near future



Mentally challenging muonic atoms
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Asocial far from electrons, always H-like
Unhealthy lifetime:  0.1 - 2.2 microseconds
Destructive  
Non-cooperative passive spectroscopy 5g - 4f - 3d - 2p - 1s
Demanding complicated many-loops bound QED

Co-dependent highly sensitive to nuclear structure: 
dynamical structure/splitting
And now to the bad part...  nuclear polarization: includes the 
complete muon and nuclear spectra

Why don't we ignore it? Give best probes of the short-ranged interactions

Slide by Natalia Oreshkina



Finding a suitable system of muonic atoms for APV

Challenges:

● How to increase production of muonic atoms 
(choice of target)

● How to bring the maximal number into the 2S 
state?

● How to reduce backgrounds from other 
transitions?

● What is the best scheme to measure the 
dipole-forbidden, parity-allowed transition?

● Cf. Excited to excited PV test in Dysprosium

38

Slide by Sebastian Lahs



New Physics contributions to Atomic Parity Violation

Goal:
Calculate BSM shift to APV

1. Classify NP according to Lorentz structure

       Independent of exp. system

2. Calculate the NP contributions to APV

       in muonic & electronic atoms

       r-dependent part of form factor

3. Interpret existing bounds in different NP 

models

4. Suggest new measurements                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             
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Dictionary: EFT from high to low energies
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Contact Diego Blas, Dipan Sengupta, Fiona Kirk 
& Ben RobertsContact : Diego Blas, Fiona 

Kirk, Ben Roberts, Dipan 
Sengupta
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Dictionary: EFT from high to low energies
Slide by Dipan Sengupta, Fiona Kirk



Matching Ultralight DM onto the SME (SM Extension)

Spot the similarity

                                Chamonix swimming pool
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Slide by Fiona Kirk

An ultralight dark matter background spontaneously 
breaks Lorentz invariance.
-> e.g. Cherenkov radiation



Ultralight Quadrupolar dark matter

● If dark matter only interacts through quadrupole interactions, 
(and it is too light, to be detected in recoil experiments), it might 
avoid a lot of experimental constraints

● As an ultralight bosonic field, it might lead to the oscillation of 
atomic energy levels with quadrupole moment

●

● One could construct a UV model for quadrupole DM based on 
dark SU(4). 

43
Slide by Sebastian Lahs, Deog Ki Hong



light TOPE Boson 
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Slide based on Sebastian Lahs’



light TOPE Boson 

● TOPE = T odd, P even => C odd
● If a new physics TOPE interaction is transmitted 

through a short range mediator, EDM measurements 
give very strict constraints

● If it is however a long range interaction, it is 
suppressed by the smallness of Parity violation in 
atoms

● It might be interesting to construct new TOPE 
models (maybe a dark matter one)

● New experiments are needed to put direct limits on 
TOPE -> how to make one?
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Slide by Sebastian Lahs



Big questions
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Which well-motivated 
models predict light 
new particles?

Which observables in atoms 
& ions can be measured 
very precisely?

Going beyond minimal models and exploited atomic systems! 


