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Introduction

Status of W-AHCAL high energy publication

CALICE publication available
at arXiv:1509.00617 [physics.ins-det]

and submitted to JINST
since last week

Thanks a lot to all who
contributed to the review
process!
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Introduction

CALICE scintillator-tungsten HCAL

Test beam experiments with W-AHCAL

Absorber: 1 cm thick tungsten plates

Active material: 0.5 cm thick scintillator tiles

Granularity: 3× 3 cm2 in central region,
6× 6 cm2 and 12× 12 cm2 in outer regions

Readout: Silicon Photomultipliers (SiPM)

Prototype of ∼ 1 m3

with 38 layers

W-AHCAL
TCMT

CERN

←−beam

Sensitive layer of the AHCAL

Eva Sicking (CERN) CALICE Scintillator-Tungsten HCAL September 11, 2015 3 / 24



Introduction

Test beam experiments at CERN SPS in 2011

W-AHCAL 

beam 
Cherenkov 1 Cherenkov 2 Sc1 Sc2 

z[mm] 

WCh1 WCh2 WCh3 

-795 -1445 

0 -507 -904 -1362 -71.3 m -131.3 m 

-522 -919 -1377 

//	
  

W-AHCAL (38 layers =̂ 5 λI)
(+ TCMT =̂ 5 λI)

10 ≤ pbeam ≤ 300 GeV

e± beam/ mixed beam µ
±, π

±, K±, p

Focus of publication: Comparison
between data and Geant4 9.6.p02 for
tungsten HCAL

→ Limit analysis to momenta ≤ 150 GeV
to keep leakage effects in W-AHCAL
main stack small
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Selected modifications after CAN-044

Selected modifications
with respect to CAN-044

Eva Sicking (CERN) CALICE Scintillator-Tungsten HCAL September 11, 2015 5 / 24



Selected modifications after CAN-044

SiPM saturation scaling factor s

Saturation scaling factor s: effective number of SiPM pixels for mounted SiPMs
s plays important role in energy reconstruction at high cell energies

Linear pixels
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→ Use individual scaling factors (available for 60% of cells) for W-AHCAL SPS study
→ Improves energy resolution
→ Improves agreement between data and simulation for e+,

where only few cells contribute to energy sum

AHCAL saturation
scaling factors

SiPM saturation curve
for example cell

s =
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Selected modifications after CAN-044

More realistic saturation simulation

Linear Pixels
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Linear extrapolation in reconstruction

MC with default saturation
Linear extrapolation in digitization
and reconstruction

MC with more realistic saturation
Asymptotic extrapolation in digitization,
linear extrapolation in reconstruction

Hit energy distribution in data can be
described well by more realistic MC

Energy resolution values increase,
especially at high beam momenta
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Selected modifications after CAN-044

More realistic saturation simulation

Linear Pixels
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and reconstruction

MC with more realistic saturation
Asymptotic extrapolation in digitization,
linear extrapolation in reconstruction

Hit energy distribution in data can be
described well by more realistic MC

Energy resolution values increase,
especially at high beam momenta
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Selected modifications after CAN-044

Systematic uncertainties

Comprehensive study of systematic uncertainties for all observables

Example: detector stability

〉
vis, all at one energy
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Source — Systematic uncertainty on 〈Evis〉 — Assigned to
for e (%) for π, K, and protons (%)

SiPM saturation scaling 1.4–3.0 0.4–1.5 data
MIP constants 2.0 2.0 data
Detector stability 1.8 1.8 data
Shower start - 0.1 data
Cross-talk 2.7 2.7 MC
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Positrons analysis

Positrons
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Positrons analysis

Positron energy sum and linearity

Energy sum (MIP)
800 1000 1200 1400 1600

 5
.0

 M
IP

)
⋅

en
tr

ie
s 

∑
E

nt
rie

s/
(

0.00

0.01

0.02

0.03

0.04 = 40 GeV
beam

, p+e

Data

Simulation

CALICE W-AHCAL

 (GeV)
Beam

p
0 10 20 30 40

 (
M

IP
)

〉 
vi

s
 E〈

200

400

600

800

1000

1200 +e
Data
Simulation

CALICE W-AHCAL

 (GeV)
Beam

p
0 10 20 30 40S

im
ul

at
io

n/
D

at
a

0.90
0.95
1.00
1.05
1.10

Data and simulation agree well within systematic uncertainties

Calorimeter response (visible energy) increases linearly with pbeam
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Positrons analysis

Positron resolution
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data into simulated energy resolution

Data and MC with detector instability
agree well within uncertainties

Energy resolution well described by
σE
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=

a√
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⊕ b ⊕
c

E [GeV]

Include PS data to better constrain the fit

W-AHCAL PS+SPS: → 2.80X0 per layer
adata = (29.5± 0.4) %

√
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asim = (28.7± 0.5) %
√
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W-AHCAL PS:
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adata = (21.5± 1.4) %

√
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Expectation for el.-mag. energy resolution:
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=

√
tW

tFe
but 1.35± 0.09 6= 1.5
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Positrons analysis

Positron resolution
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Positrons analysis

Positron longitudinal shower profile

5 10 15 20

 (
M

IP
)

〉
 E

ne
rg

y 
pe

r 
la

ye
r 

〈

20

40

60

80

100

120

140
 = 15 GeV

beam
, p+e

Data

Simulation

CALICE W-AHCAL

Layer number
5 10 15 20S

im
ul

at
io

n/
D

at
a

0.8
0.9

1.0

1.1
1.2 5 10 15 20

 (
M

IP
)

〉
 E

ne
rg

y 
pe

r 
la

ye
r 

〈

100

200

300

 = 40 GeV
beam

, p+e

Data

Simulation

CALICE W-AHCAL

Layer number
5 10 15 20S

im
ul

at
io

n/
D

at
a

0.8
0.9

1.0

1.1
1.2

Energy sum per layer as a function of the calorimeter layer

Deviation of up to 15 %, possibly due to
missing individual saturation scaling factors (available for 60% of the cells)
limited knowledge of beam line elements
uncertainties in the Geant4 modelling (?)
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Hadrons analysis

Hadrons
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Hadrons analysis

Pion linearity

Energy sum (MIP)
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Hadron Esum distributions at high pbeam have low-energy tail due to leakage

HP = High Precision: Transports neutrons down to thermal energies,
needed for realistic simulation of spallation neutrons in high-A absorbers

QGSP BERT HP describes mean slightly better than FTFP BERT HP
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Hadrons analysis

Pion resolution
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σE/〈E〉 lower in MC,
by 3-12% for FTFP BERT HP,
by 10–15% for QGSP BERT HP
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Hadrons analysis

Pion shower profiles
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Longitudinal profile (from shower start): QGSP BERT HP overestimates energy
deposition in first part of shower, FTFP BERT HP overall slightly better
Radial profile: Models overestimate energy density in shower core and
underestimate the tails, FTFP BERT HP better than QGSP BERT HP
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Hadrons analysis

Pion shower shapes
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zcog: energy weighted centre of gravity in z-direction
〈zcog〉 well described by FTFP BERT HP, too early showers in QGSP BERT HP
R: energy weighted shower radius:
both models underestimate 〈R〉, FTFP BERT HP better
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Hadrons analysis

Kaon energy sum distribution

Energy sum (MIP)
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CALICE W-AHCAL Kaon data available at 50 GeV
and 60 GeV

Data, QGSP BERT HP
and FTFP BERT HP
agree well for K+ energy sum

Kaon energy showers very similar
to pion and proton showers

→ Limited potential for π
+/K+/p

separation based on shower
shapes only
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Hadrons analysis

Proton linearity and energy resolution
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Linearity and resolution similar to π
+ results

QGSP BERT HP describes mean slightly better than FTFP BERT HP

σE/〈E〉 lower in MC, FTFP BERT HP more close to data
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Hadrons analysis

Comparison of response for different particle types
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Quantify compensation level: Compare visible energy in GeV with available energy
Convert Evis from MIP to GeV based on e+ linearity fit parameters
Hadron and positron response agree up to approximately 60 GeV
Behaviour reproduced by MC
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Summary

Summary

Analysis of test beam data of W-AHCAL

e+, π
+, K+, and p at pbeam = 15 GeV–150 GeV

Study of response, energy resolution, and shower shapes

Response is linear
Response is similar for e+, π

+, K+, and p up to 60 GeV
Energy resolution:
e+: a = (29.5± 0.4) %

√
GeV

π
+: a = (57.9± 1.1) %

√
GeV

p: a = (60.7± 1.2) %
√

GeV

Comparison to Geant4

High Precision neutron tracking needed for tungsten simulation
Agreement between data and Geant4 lists on percent level for average
shower properties, within 15% or better for spatial shower profiles
FTFP BERT HP better than QGSP BERT HP for all observables except Evis

Publication available at arXiv:1509.00617 [physics.ins-det] and submitted to JINST
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Outlook

Open topics: Hadron showers up to 300 GeV

Data at 180 GeV–300 GeV and data with late shower starts (layer ≥ 4)
were not included into analysis due to significant longitudinal leakage

Recover leaked energy with tail catcher (“Fe-TCMT”, scintillator strips)
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Outlook

Open topics: Detailed comparison of π
+, K+, p showers

So far, comparison of visible energy for π
+, K+, p at 50 and 60 GeV

Dedicated comparison of other variables between hadrons
Examples:
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Outlook

Open topics: Detailed comparison of π
+, K+, p showers

So far, comparison of visible energy for π
+, K+, p at 50 and 60 GeV

Dedicated comparison of other variables between hadrons
Examples:
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Outlook

Open topics: Hadron shower fluctuations

Main focus of most studies on mean observables, such as 〈Evis/layer〉
CERN summer student project by Angela Burger:
Study of hadron shower fluctuations and comparison to Geant4 simulations
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Backup
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Backup

Number of events after selection
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Event displays

CALICE W-AHCAL
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Scintillator tile and SiPM
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Comparison with Geant4 Simulations

Comparison of test beam data with Geant4 simulations

Test various physics models combined to so-called physics lists

Three example physics lists
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Detector simulations
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W−AHCAL

beam

Geant4 detector simulation

Full setup including beam instrumentation
Particle generation using gun simulation
Beam position, direction and spread corresponding
to data runs

Digitisation

Realistic detector granularity
Optical cross talk between scintillator tiles
Birks’ law
Readout electronics: signal shaping time, noise
Saturation effects

Cable−fibre mix
PCB

3 M foil

Scintillator

3 M foil

W
absorber

Fe support

Air gap
Fe cassette

Fe cassette
Air gap

AHCAL layer as

implemented in Mokka
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https://twiki.cern.ch/twiki/pub/CALICE/SoftwareMain/hcalTBeam.pdf
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