eS| eslpap ..

: o i European School of Instrumentation
European Scientific Institute in Particle & Astroparticle Physics

Validation

Witold Pokorski, Alberto Ribon
CERN PH/SFT

CERN

CERN

ESIPAP, Archamps, 13-14 February 2017



Validation & tuning of hadronic models

* The developers of the hadronic models are responsible of
the tuning & validation of these models with thin-target
(microscopic, single-interaction) measurements

» Validation of complete physics configurations is performed
by users mostly via measurements of hadronic showers
In calorimeter test-beam setups (thick targets)

 The most important application of the hadronic models for
collider experiments is the simulation of jets, which involves:

1. the Monte Carlo event generator

2. the convolution of the showers for each constituent hadron

3. experiment specific: geometry & materials, digitization, etc.
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Model-level thin-target test

FTEF Results at 400 GeV/c
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Model-level thin-target test

FTF validation, HARP-CDP data

pTa->n +X

1000 | - 1

BO0

00 |-

d*sldpda {mbi(sr GeVic)

-
=]
£
&

L4

e=20"30"

3 GeWe
S Gole

8 Gl
12 Gald'e

T el

— FIF J eove
— FTF 5 G
FTF & GaWvic

0.8

FTF 12 GaVin
- FTF 15 GeWio

0.2 0.4 06 1.0
p, (GeV/c)
Ta-=x +X 40°80°

— 800 P 6=40" 50
L3 - 3 Ge'c
; | {- = 0 GeWir
For) I T & | EevD
(D soo | L3 3 o 17 Gl
e ! i' + 15 Gevie
L 2 ——FTF 3 GaWic:
E' += ——FTF 5 GeWie

= 400 | FTF 8 GeWic
— ———FTF 12 GaW'c
| -FTF 18 Guivic
a2

% 200
o

[u]
i o2 " | 0.8 i 1.0
p, (GeVic)

d’cldpd@ (mbi{sr GeVic))

d*ofdpde (mbi{sr GeVic))

=k
= )
=]
L=
]

200 |-

&S00 -

400

G600 -

pTa->x +X p=30"-40"
#* 1 Gl
.. = 0 Wi
ET LI (£ T
i = 2 12 G
i H .i w 19 Gea'ie
—FTF 3} Geio
& — ETF % Ga'e
FTF & Gu've

—FTF 12 Gava
—FTF 13 Gevic

nIE

e=60"50"

= A Iamdtin
5 Gallic
a B Gaiie
& 17 G
1% GoVic
- —— FTF 3 Galie
——FTF 5 Galfe

FTF B GoVie
—— FTF 12 GeWic
—— FTF 15 GaWe

0.5
p, (GeVic)

0.8

10



Model-level thin-target test

V alidation of the Bertini Cascade
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target test
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Preco validation, 22 MeV p-Fe -> n
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Validation of Precompound & de-excitation

Isotope production at 1000 MeV in inverse kinematics
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LHC calorimeter test-beams




Calorimeter observables

 The simulation of hadronic showers can be validated with
calorimeter test-beam set-ups, with pion and proton beams
of various energies, considering the following observables:

* Energy response: Erec | Ebeam
* Energy resolution: A Erec | Erec
* Shower profile:

- Longitudinal: Erec(z) | Erec
- Lateral (transverse or radial):  Erec(r) / Erec

* Note that we can test directly only single-hadron showers
In calorimeter test-beam set-ups, whereas for a collider

experiment (e.g. ATLAS and CMS) jets are measured.

The simulation of jets involves:
1. the Monte Carlo Event Generator 9
2. the convolution of the showers for each constituent hadron



A long journey...

* Once you have collected data from a calorimeter test-beam
set-up with hadron beams, there is a long work needed
before drawing conclusions on the hadronic simulation:

Cleaning/selection cuts to have the purest possible sample
Model beam composition and spread

Check material composition, geometry, dead material
Model guenching effects (Birks’ law), photo-statistics, etc.
Include noise, cross-talk, DAQ time-window, and digitization

To help on these steps:

Special triggers
Muon beam
Electron beam (also needed for the electromagnetic calibration)lo
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Energy resolution

ATLAS HEC test-beam
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Longitudinal shower shapes

ATLAS TileCal test-beam @90°

m I.4r | ' T o 1.8 I I
5 r §
Q 1.6- R - pion
§ " GGSP_EEHT o 203V 4 u - FTF P_E-E HT 1 20 GeW
T.#_ i EQf3al 1 E 1 4 & B0 EeY
T.E_ £ T iy — |
[ § 1.2 + —- a 100 Gey
T | 180 (Y — + * w180 GeY
) _*_—*—:*: L‘ +i; L s | 1-1- * * %_-*—_i— &
0.8 t 0.8
0.6 | 0.6
0.4
0.4 ]
0.2 - _
| . l 02 Tile Test Beam, G4 9.4
=] 10 15 20 25 0 | L Ly
z] 5 10 15 20 25

Z[A] 13



Lateral shower shapes
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Combined Muons
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Muon
simulation vs.
p-p collision data
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Isolated single
hadron response:
simulation vs.
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Tracks
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Isolated single hadron response:
simulation vs. CMS p-p data

Agreement is better than
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Evants/Gayf
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Di-jet Invariant mass:
simulation vs. CMS p-p data

Very good agreement between simulation and collision data!

Three ingredients are convoluted in the simulation:
- Monte Carlo event generator: Pythia
- Detector simulation engine: Geant4
- Experiment-specific aspects: geometry/materials, digitization, calibration, rec.

Calo jets
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