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But also something entirely different



Hi, I’m Einar!

I work on things like these 



You are here



The hadronic photon

bare photon leptons: irrelevant here 

(no strong interactions)
hadronic fluctuations

vector mesons 
low-mass / VMD

anomalous continuum 
higher-mass qq̄

higher Fock states

“A real photon has a complicated nature”

Schuler & Sjöstrand · hep-ph/9605240 (1996), abstract & §2

zoom in

https://arxiv.org/abs/hep-ph/9605240
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Bertini in LDMX
Bertini for all photon energies 

in the LDMX simulation

Semi-classical

Nuclear density shells 
Fermi motion 
Pauli blocking 

“Very phenomenological” or  
“Very data-driven” 
depending on who you ask

Early LDMX studies led to 
several Bertini corrections. 

Most are now included 
in upstream Geant4 

Geant4 Bertini · 4 GeV veto · LDMX whitepaper · 8 GeV rejection · Design report §3.10.3.3.1

https://geant4.web.cern.ch/documentation/dev/prm_html/PhysicsReferenceManual/hadronic/BertiniCascade/Cascade.html
https://arxiv.org/abs/1912.05535
https://arxiv.org/abs/1808.05219
https://arxiv.org/abs/2308.15173
https://arxiv.org/abs/2508.11833


γ

primary

h

h

K

K

secondary

Biasing only the primary…
Enhance kaons at the photon vertex; 
leave cascade kaons unenhanced. 
The primary/secondary mixture shifts.

Better: forced collisions
Geant4 selects a PN reaction in the volume 
→ resample the full PN event generator 
→ weight the selected events accordingly

Biasing rare events: a cautionary tale

Earlier kaon-enhancement study: Lisa Andersson Loman · MSc thesis, Lund (2023) [15]

Rare tails beyond LDMX’s total PN statisticson a laptop.

https://lup.lub.lu.se/student-papers/record/9113652


Photonuclear final states

High neutron multiplicity
often near the missing-energy
trigger threshold
→ side-HCal coverage

→ HCal depth 

one hard hadron
one energetic neutron or kaon
escapes the nucleus

soft nuclear debris remains

γ
n / K

one particle above 200 MeV

“nothing hard”
a “tungsten bomb”

the cascade breaks up the nucleus
energy shared among many soft particles

none above 200 MeV

γ
many soft nucleons
and fragments

“hard” > 200 MeV KE



Figure 4.1 · LDMX design report 
arXiv:2508.11833

Bertini
Heikkinen, Stepanov & Wellisch (2003) 
Bertini intra-nuclear cascade implementation

CEM — Cascade-Exciton Model
Mashnik & Sierk (2012) 
CEM03.03 User Manual

JAM

Nara et al. (2000) 
Hadronic cascade model · Phys. Rev. C 61, 
024901

PEANUT
Ferrari & Sala (1998) 
The Physics of High Energy Reactions

https://arxiv.org/abs/2508.11833
https://arxiv.org/abs/2508.11833
https://arxiv.org/abs/nucl-th/0306008
https://mcnp.lanl.gov/pdf_files/TechReport_2012_LANL_LA-UR-12-01364_MashnikSierk.pdf
https://arxiv.org/abs/nucl-th/9904059
https://arxiv.org/abs/nucl-th/9904059
https://www.fluka.eu/Fluka/www/html/content/publications/1996_trieste.pdf


Now for something 

completely-ish different



Traditional collider factorization 

See also: DMG4 [1] · PETITE [2] · G4DarkBreM [3]

p p

hard scattering

Geant4 detector simulation

target

calorimeter

e⁻

χ
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BSM in the target

A′

χ

χ̄

BSM in the shower

secondary interaction / decay

https://arxiv.org/abs/2101.12192
https://arxiv.org/abs/2401.06843
https://arxiv.org/abs/2211.03873


FTF

String excitation Hadronization Decays

Bertini

Nuclear transport Collision model Cascade continues

And the other way around

Event generator Excited remnant
Geant4 nuclear 
de-excitation /  
Final state interactions

Done in the neutrino 

community with GENIE



Putting your simulation in a detector

1. Raw LHE events with wrong production… 

2. Write your own model in Geant4 code (DMG4)

3. Scale LHE events (G4DarkBreM)

Why not just run the event generator?

4. Convince Geant4 to implement it 
5. Fancier techniques like PETITE



Everyone ends up doing the same thing in incompatible ways

Usually: You have that one thing about your calculation that is 

“special” (e.g. why doesn’t LDMX use DMG4?)



Embedding event generators directly

Requires simultaneous knowledge (or cooperation) about  

the event generator and Geant4

Straight forward in principle, rarely done in practice



Solution is to build portals

Event generator Detector simulation

Cross sections, final 

states, particle info

Material/nuclear 

physics  

Beam requests

Shorthand for: Translations & Dealing with all the technical faff



on arXiv
Soon™ on arXiv 𝒪(week)

Similar work ongoing in FLUKA.CERN 



Why Pythia?
Isn’t that a high-energy generator?

Low-energy programme 
Ironically, originally developed  
for extreme-energy cosmic ray showers in air 
and hadronic rescattering.

General-purpose, already everywhere 
MadGraph and the wider generator ecosystem; 
already embedded in simulation chains.

Angantyr: sophisticated Glauber–Gribov 
General hadron–nucleus and nucleus–nucleus collisions.

C. Bierlich, L. Lönnblad & T. Sjöstrand
The PYTHIA Facility (2026), Fig. 2 · arXiv:2603.01744 [4]

PythiaCascade: simpler hA & AA modelling 
Still a big step up from using pp 
for signals in a nuclear target.

Rapid beam changes 
New projectile and energy inside the shower, 
without repeated initialisation costs.

https://arxiv.org/abs/2603.01744


Simplest example: ~Dark photon production for SHiP 

If you can write the left hand side, you get the detector simulation for free

Pythia8::Pythia pythia{}; 

// 400 GeV fixed-target beam 
pythia.readString("Beams:frameType = 3"); 
pythia.readString("Beams:pzA = 400.0"); 
pythia.readString("Beams:pzB = 0.0"); 

// Hidden U(1), Drell–Yan production 
pythia.readString("HiddenValley:Ngauge = 1"); 
pythia.readString("HiddenValley:ffbar2Zv = on"); 
pythia.readString("4900023:m0 = 1.0"); 
pythia.readString("4900023:mMin = 0.0"); 
pythia.readString("4900023:mayDecay = off");

cst::DiscreteProcess process{"hA2Zv"}; 

// Same physics configuration 
process.readString("HiddenValley:Ngauge = 1"); 
process.readString("HiddenValley:ffbar2Zv = on"); 
process.readString("4900023:m0 = 1.0"); 
process.readString("4900023:mMin = 0.0"); 
process.readString("4900023:mayDecay = off");



A MadGraph model in the detector

Dark bremsstrahlung: e⁻ Z → e⁻ Z A′

// MadGraph-exported SigmaProcess: illustrative class name 
auto sigma = std::make_shared<SigmaDarkBrem>(); 

auto* process = new cst::DiscreteProcess{"DarkBrem"}; 
process->setSigmaPtr(sigma); 
process->readFile("dark-brem.cmnd"); 

G4Electron::Definition()->GetProcessManager() 
->AddDiscreteProcess(process);

Model-specific particle and target setup omitted



The main limitation for arbitrary BSM calculations

Phase space integration

Usual solution

B&K phase space maps + VEGAS

Quick and dirty, one-size-fits-all

Single map + normalizing flows

without machine learning



Leading into the next session… 
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