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CIPANP – Physics at High Energy Themes
• Current colliders (LHC)

• SM
• Higgs measurements 
• W-boson mass measurements 
• New proton PDFs – data and techniques 
• First collider neutrino cross-section measurements

• BSM
• SMEFT – updates to theory and experimental searches
• Searches for resonances, LLPs, specific models, exotic scenarios
• New searches proposed for LHC

• Significant advances to theory and experiment with Machine Learning
• Future colliders (Muon collider)

• Detector R&D
• New Searches suggested and explored



Standard Model



Recent highlights in the Standard Model and 
Higgs Results from the LHC
• Topics covered in this talk

•  Higgs boson production cross-section with constraints on SMEFT coefficients
• ggF +VBF (𝐻 → 𝑊𝑊∗) 
• VH (𝐻 → 𝑊𝑊∗) 
• Differential cross-section combination with constraints on coupling modifiers

•  Higgs boson mass and width in 𝐻 → 𝑍𝑍∗ and 𝐻 → 𝑊𝑊∗

• di-Higgs production (𝐻 → 𝑏𝑏	𝛾𝛾) with constraints on Higgs trilinear coupling

• jet cross-section and substructure – many jet observables measured- test of 
QCD!

• physics with same-sign WW pairs 
• Evidence  for Longitudinal W boson pair scattering – test of SM!

• First dedicated Z mass (Z→ 𝜇𝜇) measurement at LHC
• SMEFT interpretations and constraints on Wilson coefficients

(Alexander Khanov, Oklahoma State University)

https://agenda.hep.wisc.edu/event/2257/contributions/34173/attachments/10422/13405/cipanp25.pdf


Focus talk on recent Higgs 
measurements from ATLAS

(Lucrezia Boccardo, Genova)

Production cross sections:

Width measurements:

Pair production:

https://agenda.hep.wisc.edu/event/2257/contributions/34197/attachments/10430/13450/CIPANP25.pdf


MW = 80360 ± 9.8 (stat) ± 12.5 (syst) MeV

W Mass from ATLAS

World combination (excluding CDF) yields:  𝑀! = 80,369.2	 ± 13.3	𝑀𝑒𝑉

GW = 2202 ± 32 (stat) ± 34 (syst) MeV

Main results from :
Eur. Phys. J. C 78 (2018) 110
Eur. Phys. J. C 84 (2024) 1309

(Hugo Beauchamin, Tufts)

2024 results:

https://link.springer.com/article/10.1140/epjc/s10052-017-5475-4
https://links.springernature.com/f/a/GeJ-BzVyiLWfo0iLXWCs-g~~/AABE5gA~/RgRpSUE7P0SsaHR0cHM6Ly9saW5rLnNwcmluZ2VyLmNvbS8xMC4xMTQwL2VwamMvczEwMDUyLTAyNC0xMzE5MC14P3V0bV9zb3VyY2U9cmN0X2NvbmdyYXRlbWFpbHQmdXRtX21lZGl1bT1lbWFpbCZ1dG1fY2FtcGFpZ249b2FfMjAyNDEyMjEmdXRtX2NvbnRlbnQ9MTAuMTE0MC9lcGpjL3MxMDA1Mi0wMjQtMTMxOTAteFcDc3BjQgpnZTu8ZmeroAWPUhphdGxhcy5wdWJsaWNhdGlvbnNAY2Vybi5jaFgEAAAHLQ~~
https://agenda.hep.wisc.edu/event/2257/contributions/34172/attachments/10412/13406/WMass_CIPANP2025_Short.pptx


Global QCD analyses Marco Guzzi, Kennesaw State U.

Important updates for 
precision 
measurements at the 
LHC

https://agenda.hep.wisc.edu/event/2257/contributions/33852/attachments/10451/13446/mguzzi-CIPANP25-June-09-2025.pdf


High Energy Neutrinos at Colliders Dennis Soldin, U. of Utah 

Proposal for medium-baseline detectors

Looking to the future (Run4)

https://agenda.hep.wisc.edu/event/2257/contributions/33952/attachments/10550/13586/CIPANP_ColliderNeutrinos_DSoldin-compressed.pdf


Beyond Standard Model



Recent highlights in BSM searches from the 
LHC Shivani Lomte (UW-Madison)

• Topics covered
• Dark Matter Searches

• DM+ pencil Jet
• Mono Higgs
• Dark Higgs

• Resonances
• Diboson resonances
• Dijet resonances
• H→ 𝑎𝑎 → 	4𝜏
• 𝛾𝐻 and 𝛾𝑍
• Low mass (60 GeV) data scouting

• SUSY
• Direct Slepton production
• Electroweakinos
• Searches via boosted objects

• Exotic/Unconventional Signatures
• Semi-visible jets
• Emerging Jets

https://agenda.hep.wisc.edu/event/2257/contributions/34175/attachments/10597/13665/BSMhighlights_fromLHC.pdf


Search for 𝑡 ̅𝑡 + pseudoscalar(𝑎 → 𝑏&𝑏) CERN-EP-2025-060
Sara Khaled, NYU

Signal and Background 
Reconstruction with 
Neural Networks + BDT

https://cds.cern.ch/record/2927621/files/ANA-HMBS-2024-46-PAPER.pdf
https://agenda.hep.wisc.edu/event/2257/contributions/34198/attachments/10611/13711/CIPANP_2025_SARA_KHALED.pdf


Long-lived neutral particles
decaying into the ATLAS muon
spectrometer
• Strongest sensitivity to very long-lived signals (cτ>~10m) by 

searching for displaced vertices in the muon spectrometer
• Several ongoing studies to improve sensitivity towards Run-3.

Michael Revering, 
Cambridge

https://agenda.hep.wisc.edu/event/2257/contributions/34177/
https://agenda.hep.wisc.edu/event/2257/contributions/34177/


Constraints on BSM Phenomenology 
with Light-by-Light Scattering in Heavy 
ion collisions at LHC

• Light-by-light scattering 
observed and consistent with 
the SM
• Constraints on BSM via:
• charged particles in loops
• axion like particles.

Spencer Klein, LBNL

https://agenda.hep.wisc.edu/event/2257/contributions/34143/attachments/10596/13664/KleinUPCCIPANP.pdf


New Vector Like Quark Searches proposed using 
same sign leptons 

Elias Bernreuther, UC San Diego

Not currently being 
looked for at the LHC

https://agenda.hep.wisc.edu/event/2257/contributions/34319/attachments/10606/13679/vquarks.pdf


T-channel Dark Matter searches at the LHC
Kirtimaan Mohan, MSU

Classification of t-channel Dark Matter models from the LHC Dark Matter Working 
Group. (arXiv: 2504.10597)

Interesting physics with non-perturbative effects and bound states.

https://agenda.hep.wisc.edu/event/2257/contributions/34199/attachments/10623/13701/K_Mohan_CIPANP_2025.pdf
https://arxiv.org/abs/2504.10597


Symmetry restoring finite counterterms of SMEFT four-fermion 
operator insertions at one-loop

SMEFT (Standard Model Effective Field Theory):

parametrization of heavy NP obeying local symmetries

theoretical consistency: operator renormalization, finite one-loop matching,… 

Here: one step to higher order calculations – 

finite renormalization to restore gauged symmetries at one-loop 

finite counterterms needed for four-fermion operator (contact) insertions

(Luis Vale Silva, CEU Cardenal Herrera, Valencia)

2504.16700

https://agenda.hep.wisc.edu/event/2257/contributions/34078/attachments/10424/13434/Vale_Silva_finiteRen_v2.pdf
https://arxiv.org/abs/2504.16700


Machine Learning



Recent advances in ML for Physics 
Analysis at CMS (Raghav Kansal, Caltech/FNAL)

Summary of recent results from CMS Machine Learning Group publications

classic S vs B discrimination Jet calibration:

Systematics-aware training:

Background estimation:

GPU inference:

>20x better background
rejection for the same 
signal efficiency

jet tagging:
Progress in innovative methods for 
measuring data / simulation agreement

NN-reweighting instead 
of simulations

Reweighting: ABCDisCo: learn two 
decorrelated variables

SONIC: GPU inference-
as-a-service in CMS

https://agenda.hep.wisc.edu/event/2257/contributions/34176/attachments/10467/13469/CIPANP_25_06_09_builds.pdf


Recent advances in ML for Physics Analysis 
at ATLAS

(Nicholas Luongo, ANL)

GN2: state-of-the-art ATLAS flavor-tagging 
algorithm with neural network architecture

Emerging jets:
Example: dark sector paradigm, Z’ mediator

Jet classification 
from transformer
architecture 
inspired by GN2

Search for narrow-width resonance decaying to two large-R jets using 
background estimation and weakly-supervised classifier

CWoLa (Classification Without Labels)
Semi-visible jets:

train fully supervised Particle
Flow Net (PFN) classifier

semi-supervised anomaly 
detection (ANTELOPE)

Unsupervised 2-body Anomaly Detection:
resonance in 2-body jet + X final states 

Neural Simulation-Based Inference (NSBI):

physics parameter estimation using 
learned, high-dimensional likelihood ratios 

https://agenda.hep.wisc.edu/event/2257/contributions/34174/attachments/10470/13475/CIPANP_Luongo.pdf


Studying Hadronization with ML and the Road 
to “differentiable” Pythia (MLHAD)
• Characterizing the hadronization of parton showers using the 

HOMER method: [arXiv:2503.05667]
• Towards a data-driven model of hadronization using normalizing 

flows: (MAGIC) doi:10.21468/SciPostPhys.17.2.045 
[arXiv:2311.09296]

Stephen Mrenna, Fermilab

https://agenda.hep.wisc.edu/event/2257/contributions/34694/attachments/10599/13713/Mrenna_Madison-4.pdf


Muon Collider

https://home.cern/science/accelerators/muon-collider 

https://home.cern/science/accelerators/muon-collider


Physics at High Energies: summary

Detector R&D for a 10 TeV Muon Collider
(Benjamin Rosser, U. Chicago)

Many detector challenges for high energy muon collider Ex: large beam induced background (BIB)

MAIA (Muon Accelerator Instrumented Apparatus)Overview of one possible detector design:

solenoid inside calorimeters, reoptimized tracker, incr. cal. depth

Evolution of 3 TeV CLIC detector:

2502.00181

Lots more work to do!

BIB shielding

tracker, EM/hadronic calorimeters, radiation damage,…
Detector performance evaluated w/single particle samples

Studies of more complex object reconstruction underway

https://agenda.hep.wisc.edu/event/2257/contributions/34133/attachments/10538/13573/cipanp_maia.pdf
https://arxiv.org/abs/2502.00181


Fermion portal dark matter at a 
muon collider (Pouya Asadi, Oregon)

Searches for φ in the freeze-in limit at a 10 TeV MuC:

cut-and-count analysis:

(mediator φ may be long-lived) 

O(100%) sys. 
tolerable

µ parton PDF should be included 
for meaningful predictions!

2312.03826, 2412.14235

λ ≪ 1
signal: dijet/dilepton + MET

benchmarks:

https://agenda.hep.wisc.edu/event/2257/contributions/33951/attachments/10546/13582/UW_06_2025.pdf
https://arxiv.org/pdf/2312.03826
https://arxiv.org/pdf/2412.14235


Electroweak Observables in Neutrino-Electron Scattering at a TeV Muon Storage 
Ring

(Adrian Thompson, Northwestern)

Elastic neutrino-electron scattering as neutrino microscope
companion neutrino detector near the muon collider / muon storage ring

possibility of electroweak observables of <1% precision  with neutrino scattering!

Concept: 

precision access to running of weak mixing angle, neutrino weak couplings, flavor dependent-couplings… 

2505.00152

https://agenda.hep.wisc.edu/event/2257/contributions/34092/attachments/10541/13612/nuMC_thompson_CIPANP25.pdf
https://arxiv.org/pdf/505.00152


Outlook


