Some tales from the detector
simulation tomes

And other things | do

PhD Day 2023




Background

e Software/physics

e Too high energy for
nuclear, too low for
HEP

e |DMX & Geant4

6 Geant4

A SIMULATION TOOLKIT
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Details: Photon-rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam



https://inspirehep.net/literature/2691854

Two topics

e Signal:
The story of the factorization of HEP simulations or
Pythia8 & Geant4

e Background:
Curious things that photons can do to nuclei or
everything is an intranuclear cascade



Part |: Signal

What doec a HEP cimulation (ook libe?



In the éegz‘um’ny there

was the event generator...

Initial state ->
Pﬁmo«‘y Par‘ticles L vertices




But everything changed when the

detector cimulation nation attacked
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And never chall the fwe meet



Why not both?

e Event generation isn’t (always) independent of beam &
target

o Upstream effects for fixed target experiments
m What happened before my interaction?

e Detector simulation contains multiple event generators
o Different constraints

e So combine them
o Allow Pythia8’s physics to be used anywhere inside Geant4



Dark bremsstrahlung with Pythia8

e Collaboration with Taylor

Gray (Chalmers) and Leif l —

Gellersen GEA SIMULATION
e Based on Stefan Prestel’s /

work with DIRE/Pythia8 IHard brem? < ask PyTHIA X <—> ask MADGRAPH

e Generate electron
scattering from nucleus

based on nuclear form ~’J New partlcle7 — ask PyTHIA X

|— ask MADGRAPH X

factors with MadGraph / N
e Dark photon emission from ;\‘\§$ < ask Feynrules
parton shower &_
o Correct emission
pattern based on MEC lUnknown process? < ask PYTHIA v~

from MadGraph



And wow for comething clightly different



... PArt Il: Background

neutral hadrons DM signal


https://indico.fysik.su.se/event/7762/contributions/12560/attachments/5271/6617/LDMXstatus.pdf
https://indico.fysik.su.se/event/7762/contributions/12560/attachments/5271/6617/LDMXstatus.pdf
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Details: Photon-rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam



https://inspirehep.net/literature/2691854

~few GeV photonuclear
generally treated as
intranuclear cascade
Only difference from
hadronic interaction 1s
initial collision

Do competing simulation
tools give similar
predictions?

Cascade,stage
n Geantd's Bertini
cascade

\ Escape i® Coulomb

Nuclear A barrier penetration

density shells

Intial interaction point crucial
to get right!

Reflection at

\Inco»«ing pHo o(ens?ty boundary

Collision re“]e,ctepl
by Fermi condition

Co\pture,d par‘t’»cle,

(exciton)



__LDMX Simulation Internal

Nothing hard

Multiplicity <=2

Single neutron

Purely neutrons

1K%4+ X
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Other

G411.2.0
G410.2.3
FLUKA-Cern
PHITS 3.310
MCNP 6.2

107 BT

10°

104

105



Entries

10°

104

103

T T T TTTTIT

102

T III|III|

10!

T llIllIIl

100

T lIlIlIl

3GeV y + W

—— G411.20 .
—— G410.2.3 (LDMX) _
Significant overproduction due to quasi-deuteron — FLUKA-Cemn4.3.1 -
mismodellings —— PHITS 3.310
See Appendix A of 1808.05219 —— MCNP 6.2

e " B - I | IIIIIII|

e 1 152 52 52 1

107"

o

500

2000 2500 3000
Total kinetic energy of photonuclear neutrons [MeV]

1000 1500


https://arxiv.org/abs/1808.05219

Things you should know about me



If you got this reference, my condolences



