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Caveats

Don’t start out o talk
Bc/ apolos,IzinS,

| will have some caveats at the end instead

But that's cheating



Caveats

Probably don’t start out a talk with
some‘twng meta ether

Remember to remove this slide



Outline

* You don’t need an outline

* It usually just takes up time



Outline

‘What is This?
* Background

* Event 3enera\‘tors and detector simulation
o Vocabulahc/ and target audiences

‘Mou./'oe, SOME. pw./sics



What 1s this”

. A software library and framework for embedding Pythia8 programs
inside Geant4 simulations

. Built as a separate library
- Works with ancient versions of Geant4 if needed :)
. Currently lacking branding

« Can't call it Apollo any more [240319452]




Goals and challenges

- Event generation and detector simulation have developed rather
independently

- Both are sophisticated and highly technical endeavours
- Simultaneous expertise in both is rare
- We cannot require that users are fluent in both

- Two target audiences with very different backgrounds



Unexpected challenges

- Language and vocabulary is hara
- Most terms are overloaded
« What does the word “"Process” mean?

- One person'’s precise technical language
IS another person’s jargor

. Software makes it exponentially worse

This doesn't count as apologizing



Briet Eacks,r’ouncl



Wlnc/?

You can’t alwat/s Pac‘toﬁze event

3enero\‘tion from de‘tec‘tor* simula‘tion

There’s physics in detector
simula‘tions AS we,“
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Geantd in briet

« C++ library for designing your own When I say comprehensive:
detector simulation application

| We cover the vast malority of
- Covers a huge range of different use e

. r le,vOm‘t components ond SOMme. of
cases and areas of physics < P

the Irre,le_\/om‘t ones as we,“
. A big collection of "components”

. Pick what you need for your simulation

. All made of further subcomponents...
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Geantd in briet
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67e_ome_‘tn/, ma‘terial, and Field conPigur‘os‘tion




Is tThere physics t/e:t?



Soon

Mou/'oe.



What can an event generator pring to Geant4?

Cross section estimates

Final states

"Exotic par’ticles



In‘tero\c‘tinﬁ wiTh The
Fromework




Mental model

Theory/Pheno expertise Experiment expertise

Geantqd Component choice
Pw/s;cs Qonpiaur‘o\‘tion

+
+
Expeﬁmen‘t-SPQQIPIQ

SetBeom<(oroiectile t t)
eltbeamsSi\projeclile, Ltarge standard in‘tear‘o\‘tbn



From the theory/pheno perspective

. | have

- A Pythia 8 program simulating dark bremsstrahlung based on a MadGraph model

e | want to
o

. L. Pythia8: :Pythi thia{};
° S|mU‘Qte th|S 1N my deteCtOr mOde‘ pztht:.setgig;ZPﬁgce;?TaylorsDarkPhotonModel{});

pythia.readString("Aprime:mass = 1.0");

o | need tO prOVide G@Qnt4 V\/|th pythia.readString("DarkPhoton:epsilon = le-3");

pythia.readString("Beams:1dA = 11");

pythia.readString("Beams:1dB = 900003");
pythia.readString("“Beams:eCM = 4");

. New particles (A', ¥, ¥ ) pythia. init();

(int 1{0}; 1 < 1000; ++1) {
pythia.next();

. 0(€W — € WA') }

std::cout << "Dark bremsstrahlung cross section is "
<< pythia.info.sigmaGen() << std::endl

e Events



From the experiment point of view

° Tell Apollo the physics configuration:

G4PythiaEMProcess DarkBrem{};

DarkBrem.setSigmaP (TaylorsDarkPhotonModel{}); — .
DarkBre. readstring( "Aprine:mass = 1.0°); -xactly the same syntax as the original
Pyvthia program for the physics

DarkBrem.readString( "DarkPhoton:epstilon = le-3");

GAElectron::GetProcessManager( )->AddProcess(DarkBrem); con |€JLJrC1t|C)r1
G4Electron: :GetProcessManager( )->AddCrossSection(DarkBrem);

Add the component exactly as you would
any other part of Geant4




What about the physics?

Are you even dozng any?



Ok here s sowme Pw/sics

How hard could it be



How hard can it be

Tts SM bremsstrahluns, with extra steps



From Blinov et al: Dark Fluxes From elec‘tromagnettc cascades

F Dark vector bremsstrahlung

The mass of the dark sector particles qualitatively changes the energy and angular distribution of its emission
compared to its SM counterpart. These important features are determined by the soft and collinear singularity
structure of the amplitude. This means that accurate simulation of this interaction can be numerically
challenging despite the simplicity of the underlying process. In this Appendix we validate our implementation
of dark bremsstrahlung and compare it to existing tools.




Hodronic physics in Geantd

Pﬁw\aﬁly Gve,om‘t"{ ’s version oP FIRITIOF:;
FTF

| would like for it to not to be



Hodronic pw./sics n Geantd From Pl/‘thia\

hh hA AA
PythiaCascade Altermoatives for both cross

Angantyr
Dyﬂmiq SQQ’UOV\S O\V\d ‘PIV\O\I S’tO\‘tQS




Cross sections

Coherent elastic Ch + 4 -Dh + 4)
Quasi elastic  (h + 4 ->h + U1 + V)

Inelastic Ch + 4->%X)



B?a caveatl
Some extensions made Bc/ me
An idiot
Not validated anywhere

Don‘t spread them around
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Proton on carbon collisoins

Coherent elastic (h + 4 > h + 4)

Quasi elagstic (h + 4 > h + (41 + V)

InelaS‘tIQ

Ch+ 4->X)
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Ratio to Geant4
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Ratio to Geant4

10

Ratio to Geant4

0.0

0.0

Ratio for Inelastic (o, ;)

Ratio to Geant4

A Angantyr (glauber)
| B Pythia Cascade
i 1 1 i ] ]
2 K | 5 6 7
10 10 10 10 10 10 10

P, |GeV]

Ratio for Quasi-elastic (o)

Ratio to Geant4

10

-—------—— -------- :h--——--—-:b———-
A Angantyr (glauber)
| B Pythia Cascade
A 1 ] i ] ]
2 : 1 5 G 7
10 10 10 10 10 10 10

plub lGCVI

10

0.0

(.5

100.0

]O(J.S

Ratio for Total (o)

A Angantyr (glauber)
B Pythia Cascade
] i ] ] 1
K 4 5 6 7 S
10 10 10 10 10 10 10 10
P, |GeV]
Ratio for Elastic (o))
'. I ! | I |
A Angantyr (glauber)
B Pythia Cascade
| ] i ] ] ]
10 10° 10 10" 10° 10° 10’ 10

p,, |GeV]



Whoat I‘d like to do

Pho‘topmduc‘tion

In fact, a simulation-based approach is also inadequate,
as neither GEANT’s hadronic models nor particle physics
Monte Carlo simulations such as PYTHIA [59] include
careful modeling of exclusive photoproduction processes.
PYTHIA’s parton-based modeling 1s designed for the deep-
inelastic regime, while our reactions of interest are in the
diffractive regime. Meanwhile, GEANT4 [60] does not
include short-lived resonances in its hadronic models,
but rather treats reactions such as yp — pp as a component
of, e.g., yp = nn~ p. More specialized programs such as

more of
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A results from Akesson et al.,, “Photon-Rejection Power of the Light Dark Matter eXperiment in an 8 GeV Beam.” JHEP12(2023)092 [arxiv:230815173]

Invisible meson decays from Schuster, Toro, and Zhou, “Probing Invisible Vector Meson Decays with the NA64 and LDMX Experiments.” (Phys. Rev. D 105, 035036) [arxiv:2112.02104]



‘dt [mb/GeV’]
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!

do

v+ Cu—w+ X

Differential Cross Sections
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Caveats

Don’t start out o talk
Bc/ apolos,IzinS,

| will have some caveats at the end instead

But that's cheating



Caveats

Don’t do it at the end either



Caveats

But who'’s 3o?n3 to S‘top me.

| will do it anyways



IT'm not Jo?nﬁ 3r‘eo\'t



T hank you
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~vent generation

Re,pe“t Outpu‘t
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Re,pe.a’t Outpu‘t
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Vocabulary is hard: A rough sketch detector simulation

G X, \oNn
agC‘V\O“ PO “(’V\C\e, eroAuC

Twies Jory po Aeeos\{,‘\ov\

. Sec°
Prwmary vertex - Lof‘-o‘\ erer i

_ Co“‘\s}on _ -Dega‘, B /

- Dec:l/A/<C\
\/\

vel A\s‘taﬂﬁe‘w Particle species
’Vf“; B ee P ion - Static properties (mass)
- ’reto\\ c ross s€ - Dvnamic Pf‘opef"t;es (k;V\QMO\t;CS)
_ 9o

- Possible interactions

&eometry, ma‘terial, and Field conpicjuro\‘tion



rvent generation

1. Specity the physics to simulate

9d--9d9
®

2: Specity the beam configuration to simulate Pythia8: :Pythia pythia{};
o+p @108 GeV

pythia.readString("Top:gg2ttbar = on");

3: Run the Monte Carlo integration pythia.readString("Beams : 1dA
pythia.readString( "Beams: 1dB

pythia.readString( "Beams:eCM

2212");
2212");
8000");

4. Compute derived quantities of interest
Cross sections, histograms, final states, etc

5: Go back to step 2



We can abstract that



A HEP MC simula‘tion 'S a
function that tokes a

pw./sics SPe,c?Pico\‘tion AS
PO\PO\Me’teFS omd O\ 'oeo\m

conp?ﬁur‘o\‘tion as The
va\ﬁo\'oles

Well, mostly



Commonto a

Pythia8 programs

Pythi1a8: :Pythia pythtia;

Physies settings
pythia.readString("HardQCD:all = on");
pythia.readString("PhaseSpace:pTHatMin = 20.");

.readString("Beams:eCM = 8000."); Beam configuration

.readString("Beams: 1dA = 2212");
.readString("Beams:1dB = 2212");




)]

erent between al

Pyinias8 programs

- What you do with your calculation depends on your needs but will generally involve

}

( particle : pythia.event) {
(particle.i1sFinal() &&
someCondition(particle)) {

}

xs = pythia.info.sigmaGen();

Or Moulbe L/ou Jo Some‘th?

Unique and different



