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Forward Calorimeter: FoCal
conceptual design

e [upgrade of the LHC-ALICE experiment:
[FoCaI ]
- installation planned in ~2026
- SiW sandwich calorimeter
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2) electromagnetic calorimeter (FoCal-E) LG cell
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- low granularity cells (LG)
pixel size ® 1cm? 1

1 HG cell

energy and time measurements 5
—> high granularity cells (HG): ALPIDE (CMOS MAPS)

piXEl Size ~ 30 X 30 umz . 1 L;)ngitudine;l segmentz;tion ]

shower separation and position determination A ™\

- R&D directly applicable to mm
whole electromagnetic calorimeter \ ‘ m
absorber LG layer

made of MAPS for linear collider
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(ALICE ITS Project Team

L[] e
https://indico.cern.ch/event/863068/
contributions/3752479/attachments/1996261/

3330551/20200302-Aglieri-ALPIDE-Overview.pd

Calorimeter 2 (EPICAL-2)

» second prototype in context of R&D for
planned LHC-ALICE FoCal upgrade in ~2026
—> fully digital calorimeter prototype

* 24 layers with two ALPIDE chips each
= chip size: 30 mm x 15 mm

* 512 x 1024 pixels per chip
—> pixel size: 26.88 um x 29.24 um

flex
cable

chip
cable

ALPIDE

spacer 0.5 mm
tungsten

absorber 3 mm
25.03.21 CALICE meeting - Tim Rogoschinski




3330551/20200302-Aglieri-ALPIDE-Overview.pd

° b (ALICE ITS Project Team
https://indico.cern.ch/event/863068/
contributions/3752479/attachments/1996261/

Calorimeter 2 (EPICAL-2) §

second prototype in context of R&D for
planned LHC-ALICE FoCal upgrade in ~2026
—> fully digital calorimeter prototype

24 layers with two ALPIDE chips each
= chip size: 30 mm x 15 mm

512 x 1024 pixels per chip
—> pixel size: 26.88 um x 29.24 um

simulation utilizing Allpix? framework
—> precise geometry implementation

flex
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chip
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EPICAL-2 simulation utilizing Allpi

A Monte Carlo simulation tool for silicon pixel detectors
From incoming particle(s) to readout

simulation chain:

geometry builder It XL Xy

electric field
initialization

* electric field obtained from * particle transport and
TCAD simulation deposition of charges ®
by Jan Hasenbichler in active materials

* total reverse bias voltage of
VRB == 1 4- V

electric field (z-component) x1 0-3
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EPICAL-2 simulation utilizing Allpi

A Monte Carlo simulation tool for silicon pixel detectors

From incoming particle(s) to readout

simulation chain:

TS

e propagation of charge carrier
groups
-> set to 50 charges per group
« diffusion and drift of groups
within integration time tj,;
- setto tj,; = 25 ns

e pixel assignment of charges
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signal (e)

noise added by

Gaussian (width gpise)

to each pixel

= set to Oppise = 20 €

accept as hit: pixel charges
surpassing threshold value Tpixe

2 setto Tpixel =82 e £ 20e

time
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2D information of hits per layer
- column and row

(

EPICAL-2 with 24 layers
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“measurement”:
- number
Nhits
of pixel hits
- number

Nclusters
of clusters



EPICAL-2 simulation validation |

by means of 5 GeV electron test beam data

— data taking at DESY Hamburg: similar data structure like simulation output
number of pixel hits number of clusters
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pixel hits in event clusters in event

—> narrower tails in simulation - slightly lower mean values in simulation

—> data and simulation essentially agree for t;,; = 25ns > added to default settings
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+~ test-beam data
ﬁm=21ns
t. =22ns
t. =23ns

—— t,_=24ns

To compare:
I:I test-beam data

simulation

t. =29ns
ﬁm=26ns
ﬁm=27ns
— t,,=28ns
— t,,=29ns
— t,,=30ns
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EPICAL-2 simulation validation |

by means of 5 GeV electron test beam data

— data taking at DESY Hamburg: similar data structure like simulation output
number of pixel hits number of clusters
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pixel hits in event clusters in event

—> narrower tails in simulation - slightly lower mean values in simulation

—> data and simulation essentially agree for t;,; = 25ns > added to default settings
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EPICAL-2 simulation validation Il

by means of 5 GeV electron test beam data

cIuster-S|ze dlstrlbutlon mean cluster size
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— small deviations for small clusters - differences in sensitivity expected for data
- marginal fewer large clusters in simulation - will be corrected by calibration

— simulation agrees rather well with data



EPICAL-2 simulation validation HI

by means of 5 GeV electron test beam data

track-like hit structures
—> very large clusters
—> present in simulation - to be investigated

Hitmap for layer4
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Number of hits and clusters
for DESY test-beam energies: 1 GeV to 5.8 GeV

number of pixel hits number of clusters
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— simulation describes test-beam measurement
- essential for energy response and energy resolution

—> extraction of mean u and standard deviation o from histograms
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First attempt on energy response: linearity
derived from number of hits and clusters

S|mulat|on
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—> good linearity for mean value u of hits in simulation
—> slightly greater deviation from linearity observed for test-beam data
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First attempt on energy resolution
derived from number of hits and clusters
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— simulation and test-beam resolution in the same order of magnitude
— better energy resolution achieved for clusters than hits
—> first analysis and comparison show very good performance: work in progress
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First look at higher energies
energy response and energy resolution
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* low energies: agreement with linearity for hits and clusters,

promising energy resolution
* high energies: deviation from linearity up to ~10% for hits and ~35% for clusters, W,
worsening of apparent energy resolution O/',{'/
* resolution and linearity both affected by leakage for 20 X, detector, easy to overcome ’7,0,.
* expect additional contribution from cluster overlap, possible corrections to be investigated O@l’es
* note: ALPIDE sensor optimized for tracking S/
- development of MAPS sensor with calorimeter-specific requirements

could improve performance on timescale of any International Linear Collider use
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First loo
separation

* same energy
* electrons separated

power

< at higher energ

250 GeV electron =—>
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First loo

separation power

* large energy difference
* electrons close together
—> provoking case

< at higher energ

250 GeV electron
30 GeV electron
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First look at higher energies
separation power Tnnnnnnnnnnnnnnnann
250 GeV electron
* large energy difference 30 GeV electron :;
* electrons close together
—> provoking case
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First loo

< at higher energies

= 1.2 mm (conservative value)

V1

V2

~4(0 pixels

separation power ...in terms of pion decay
 assuming two showers emerge from photons y; and y, from a 7° decay
with separation d = 40 pixels - 50k
pixels
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Summary

 first results obtained from EPICAL-2 simulation
utilizing Allpix?
— detailed geometry implemented

* simulation validation based on
5 GeV electron test-beam data

* investigation of bulk properties in
EPICAL-2 simulation for test-beam energies
- number of hits and clusters
—> energy resolution and linearity

- EPICAL-2 simulation describes test-beam data

 first look at higher energies
—> promising energy resolution
- shower-separation capabilities
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