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Simulation chain

| only know
this N\ n '
Nu Reconstruction

Detailed DOM sim PMT +
Lew’s sim (LOI) Electronics +
(atm/cosm) JGandalf
ARCA/ORCA

Trigger
. OMGsim g8

GENHEN
ARCA/ORCA i
gSeaGen Light 4 Aashowerfit

ORCA Generators ARCA
JTE RBR

KM3 & JSirene — :
Mu (atm) ARCA all Jtrigger JShowerFit
Mupage ORCA atm mu JEvent Reprocessor ORCA
ARCA

Timeslice :
Writer Dusj
CR ->nu/mu atm ORCA

JMonitorMultiplicity .
JTriggerMonitor x

Weights!!!!

PostProduction

JRandom
Timeslice JPipe
Writer

JTrigger
Processor

RealData \

Simulation is almost identical
to the real data at this step. I

Calibration

JCalibrateK40
JFitToT
JFitk40

(no intermediate files)
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Nu&Mu In our detector

* TWO ways:
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- Physic of propagation is included
- Computationally expensive

- Physic of propagation not included —» Weights!!!
- High statistic

Alfonso Garcia , NIKHEF (Amsterdam) | KM3NeT Simulations (Group meeting, 28/11/2019)



Atmospheric muons

* We only simulate downgoing muons (upgoing should be absorbed).

CORSIKA MUPAGE
- Full cosmic ray simulation - Parametrization of muons at can
- Propagation in water using MUSIC/PropaMuon/etc - No weights!!!!

- Weights!!!!
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Atmospheric muons

100_‘___ + | data
+ MUPAGE
+ CORSIKA
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Neutrinos

* Two sources (atmosphere and cosmic) but same simulation.
* Two main codes: gseagen (c++), genhen (fortran).

Track Shower

(A)NuMu CC (A)NUE CC, (A)Numu NC, (A)NUE NC

- Generate neutrino interactions in a volume - Generate neutrino interactions in can
surrounding the can.
- Propagation muon in water using MUSIC/PropaMuo/etc
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Neutrinos weigths!!!

Choose:
-¢(E,.0,). -atmospheric (Honda) * OSCPROB

Wepe = W, sphel
-cosmic (Diffuse E-2)

gen

From generator (genhen gseagen)
Phase space

I'i'?_rgfnr — IE ] IH - T,

gen

W genc E\ *-(H_h‘ PEHIHI(E 9

\ TU."

W A

geEN e

- J.J\Tu

gen

Ntot = Number of neutrinos we shoot
EX = energy factor to correct for energy spectrum use to shoot neutrinos (NOT REAL FLUX)

T ., = generation time (to get number of events in T, seconds)
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Neutrinos weigths!!!

* In real life, if you buy a neutrino gun an you shoot 106 neutrinos of 100 GeV
to our detector, none of them will interact (P_int~0).

P = exp[-n*sigma*z]

* Being god has a price -» weights!!!!

dd
— = —ngd,
d::‘: Pick rando

point in th
exp[x] ~ X
> pends on E
> hends on CC/NC
trino Generato
rho:I
P — "i"l] p NOZ
? w~ P _P__ = exp[-N*sigma*L__1* exp[-N *sigma ., *L

int” earth earth]

CC+NC
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How to compute cross sections:

* Cross sections are important for two main reasons

o Total cross section = P,
o Differential cross section = Final state particles

* Several implementations depending on the energy regime.

Q8

1TeV

gSeaGen ‘ GENIE \
‘ NuWro \
‘ GiBUU
ANIS/NuGen\

gSeaGen GENIE-HEDIS
GENHEN ‘ LEPTO \
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LHC (QCD)

HERWIG
PYTHIA
SHERPA
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e Simulation neutrino interactions:

O Probability of interaction -> O'(Ep)

nucleo
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How-To

e Simulation neutrino interactions:

O Probability of interaction.
O Kinematics of outgoing particles.

d2 CC GF M4
b - (- R
P Il (SN VERE [y t1-v) ( ) }

Structure
Functions

Nucleon
QCD dynamics
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How-To

e Simulation neutrino interactions:

O Probability of interaction.
O Kinematics of outgoing particles ->

Fraction of inclusive cross-section within contours

Jrm— 9 1 U L T reeaT 1T rrrrpssTirizl
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How-To V el

lepton

e Simulation neutrino interactions:
Hadrons

Photons
O Probability of interaction. Leptons

O Kinematics of outgoing particles.

o nucleon
O Hadronization. v/

Zo,W=
S
Q
/
7 q )
q 1 & Hadrons
PYTHIAG Photons
EI ' _ Leptons
nucleon [qqq]
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nu_tau (primary neutrino) E=8360.21 status/id=0/0
I EDlS "~tau- (leading_lepton) E=5554.04 status/id=3/4
+-nu_tau E=3297.56 status/id=1/5
“=rho- E=2256.48 status/id=3/6
+-pi- E=1290.81 status/id=1/7
"-pi@ E=965.675 status/id=3/8
+-gamma E=890.175 status/id=1/9
"—gamma E=75.4996 status/id=1/10
——> unnamed state (1000080160) E=14.8951 status/id=0/1
+-neutron E=0.922834 status/id=11/2
“—unnamed state (2000000001) E=2807.09 status/id=12/11
+-u E=2806.31 status/id=12/12
| "=string E=2807.09 status/id=12/14
| +—eta E=2243.06 status/id=12/15
| | +—-gamma E=1083.88 status/id=1/21
| | ‘—gamma E=1159.18 status/id=1/22
| +-rho+ E=542.988 status/id=12/16
| | +-pi+ E=159.131 status/id=1/23
| | "—-pi® E=383.856 status/id=12/24
| | +-gamma E=243.584 status/id=1/31
| | ‘—gamma E=140.273 status/id=1/32
| +-pi- E=9.73694 status/id=1/17
| +-pi@ E=5.21542 status/id=12/18
| | +—gamma E=1.08007 status/id=1/25
|
|
|
|
|
|
|
|
|
|
|

| "—gamma E=4.13535 status/id=1/26
+-omega E=3.59776 status/id=12/19
+—gamma E=0.0816192 status/id=1/27

|
| "-pi@ E=3.51614 status/id=12/28
| +—gamma E=3.20452 status/id=1/33
| ‘—gamma E=0.311622 status/id=1/34
‘-Delta+ E=2.49298 status/id=12/20
+—-proton E=2.00807 status/id=1/29
"-pi@ E=0.484947 status/id=12/30
+-gamma E=0.0471374 status/id=1/35
‘—gamma E=0.437831 status/id=1/36
"=ud_1 E=0.780469 status/id=12/13
"—unnamed state (1000080150) E=13.9722 status/id=1/3
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Wt = Wyen - ¢(E,, 6,). Draw(“TMath::Log10(E)>>h(25,0,5)","Wevt*(cuts)”)
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