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Abstract

This report presents the technical design of the ALICE Forward Calorimeter (FoCal). FoCal is an
upgrade of the ALICE experiment at the LHC, to be installed during Long Shutdown 3 for data-taking
in the period 2029-2032. FoCal consists of a highly granular Si+W electromagnetic calorimeter
combined with a Cu+scintillating-fiber hadronic calorimeter, covering pseudorapidity 3.2 < n <
5.8. FoCal has unique capabilities to measure direct photon production at forward rapidity. which
probes the gluon distribution in protons and nuclei at small-x, and is theoretically calculable at high
precision. Furthermore, FoCal will enable to carry out inclusive and comelation measurements of
photons, neutral mesons, and jets in hadronic pp and p-Pb collisions, as well as ¥y production in
ultra-peripheral p-Pb and Pb-Pb collisions, and hence significantly enhances the scope of the ALICE
physics program toexplore the dynamics of hadronic matter and the nature of QCD evolution at small
x, downtox ~ 107°,

Initial state and forward
physics at LHC

~ New physics potential investigating the forward
reglon at LHC and FoCal proposal Iin ALICE ~

" CERN-LHCC-2024-004 / ALICE-TDR-022

P

WY 18/07/2024

Tatsuya Chujo
Univ. of Tsukuba

for the ALICE collaboration

XXV Cracow EPIPHANY Conference
on Advances in Heavy Ion Physics
January 8-11, 2019, Cracow, Poland

|y

'y

RPN

University of Tsukenba

© 2024 CERN for the benefit of the ALICE Collaboration.
Reproduction of this article or parts of it is allowed as specified in the CC-BY-4.0 license.

*See Appendix C for the list of collaboration members




Videoconference

FoCal collaboration meeting in Krakow (Oct. 2024
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Cooling & Mechanics: Krakow Update

Speaker: Jacek Michal Swierblewsxl (Polish Acade

FoCal-E pad: toward the mass production in Japan

Spaaker: Motol Inaba (University of Taukuba (JP)

3 FoCalGene...

Tungsten plate machining
Speakers: Takashi Hachiya {Nara Women's |

(8 20241007._...

FoCal-E pad detector development in India

Spesker: Sanjib Muhuri (Department of Atormic Energy (I

P type RED...

FoCal-E: Pixels Status and Plans

Speaker: Max Philip Rauch {University of Bergen (NJ))

9 PixelStatus._

Coffae Break

Fast Shower Simulations

Speaker: Emilia Majerz (AGH University of Krak

{2 ALICEupgr..

FaCal-H: SiPM radistion tests

Speaker: Yury Melikyan (Helsinki Institute of Physic:

19 SIPM studi.. SIPM suxl...

Neutron dose estimation at RANS

Speakers: Motal Inaba (U
Yuka Sasaki (Nara Woman's University)

Y neutran_do.

Test beam and lab results in Japan for FoCal-E pad

Speaker: Jonghan Park (Unive

By 241007 _A..

Test beam plan in Japan (2024-2025)

Speaker: Shinge Sakal (Univer

[ AUW _Foca.

Synergy of FoCal and EIC detector RED In Japan

Speaker: Yuji Goto (RIKEN (JP])
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Conveners: Mrof. ‘an Gerdne- Bearden , Tatauya Chujo

FoCal Session Introduction

Speaker: Prcf. len Cardner Bearden

FoCal Readout Status and Plans

Speaker: Nicola Minalra

S Readout_Status_Kra Readout_Status_Kra
Pixel Status and Plans
Speaker. Vax Philip Rauch
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Pads Status and Plans @ 30n

Speakers: Motol Inaba , latsuya Chujo

',j Pads_Status_anc_P

Coffec Break

FoCal-H Status and Plans

Speakers. Prof, lan Gardner Eearden  Verelin Kozhuharoy

e
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Concepts, design and manufacturing of the FoCal-F cooling system. Status of the work parformed by IF)
PAN Team
Speaker: Tomasz Cleslic

(7 20241008 pcf

HCCROC2 firmware modification and plan for many HGCRQC chp test in Japan

Speaker: Osana Yasunari

(A 2410-alice-upgrede

HGCROC2 chip test & plans for HCCROC3

Speaker: | aichi Inukal
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Mechanies Update

Speaker: ivaciej Czarnynoga |v
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12 talks on Monday

9 talks on Tuesday

1 talk on Thursday

1 talk on Friday (this talk)
Total: 23 talks

Cerwener. Federico Antinor

IFJ PAN In-kind contribution to the FoCal-E cooling system with respect to the quality assurance based on IFJ PAN
projects axparience

Speakar. Jacek Michal Sswerblewsk

3 Quality_TQM_FOCA Quaiity_TCM_FOCA

m -+ 1800 Plenary session: Mechanics and cooling @ Meir Auditcrium [Aula) & m




Forward Calorimeter (FoCal)  FoCal-H FoCal-E
. Hadronic Calorimeter (pad, p|Xe|) HGCE

Electromagnetic Calorimeter

- LHC ALICE, /snn = 8.8 TeV, pp, pA

oV N
N

oL

= Non-linear QCD evolution, Color o ag : pelau.
glass condensate, initial stages of S
Quark Gluon Plasma (QGP) %o,

- Physics in LHC Run 4 (2030-2033) e

- TDR approved by LHCC on ok
March 2024

Collision Point (IP2)

Main Observables:

* 110 (and other neutral mesons)
* [solated (direct) photons

» Jets (and di-jets)

- Correlation
FoCal Lol : CERN-LHCC-2020-009 3.4<n<5.8 ) j)/c:p %aulgcs
FoCal TDR : CERN-LHCC-2024-004 n = — In(tan(6/2)) !



http://cds.cern.ch/record/2719928
https://cds.cern.ch/record/2890281

FoCal detector design

E-Pad E-Pixel

FoCal-E (pad, pixel)

20 layers of W(3.5 mm = 1Xo) + silicon sensors:

Two types: Pad (1x1 cm?2) and Pixel (30 x 30 pm?2)
* Pad: shower profile and total energy
e Si PAD sensor

* Pixel: position resolution to resolve overlapping showers
e CMOS MAPS technology (ALPIDE)

e1o%:1 Bzl Conventional metal-scintillator design

30 um Cu capillary-tubes enclosing BCF scintillating fibers

—
1 cm

PAD layer FOC8| ECAL SIPM readOUt
. PAD block nomenclature
4x ,’_:,:;_:zsif"'?_'":_?y 3 i

18 PAD layers + 2 PIXEL layers
(=1 Module, 20 Xo)

_s.'f

3kg

4x

P2: ~ 1100 mm

12kg

P1:~ 550 mm

22x%

56kg

P2: ~65 mm
N P1: ~ 100 mm E




FoCal status

1002 -—-~—*':::‘§'_§j . 1
2) FoCal-E PAD

) FoCal-E PIXEL
)
3) FoCal-H
)
)

IR

4) Readout
5) Cooling and Mechanics

-
-
dm——
.- -
——
———
a—
——
—
——




1) FoCal-E PIXEL



Max Rauch

Reminder: FoCal-E Pixel layer structure

12-chip string inner layers
« 6 inner mode ALPIDES per string @1.2 Gbps links
* 6 outer mode ALPIDES per string @400 Mbps links

| [ i 72 ALPIDEsS per layer
- | 4 layers
— — 288 ALPIDEs

15-chip string inner layers
* 6 inner mode ALPIDES per string @1.2 Gbps links
* 9 outer mode ALPIDES per string @400 Mbps links

I o o e it 90 ALPIDES per layer
o o i 16 layers
1440 ALPIDEsS

15-chip string outer layers
* 15 outer mode ALPIDES per string @400 Mbps links

= =] | 90ALPIDEs per layer

| 24 layers
| 2160ALPIDEs

FoCal-E Pixel Layer 5 and 10
44 pixel layer assemblies
3888 ALPIDE chips

1944 ALPIDE chips per layer
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Max Rauch

Reminder: FoCal-E Pixel layer string prototype Single ALPIDE

on chip cable

E

* Photo shows fully assembled pixel half-layer prototype for
Bergen protonCT detector

* Base plate i1s a 5 mm thick aluminum carrier (Al-carrier)
* FoCal will use 12 or 15-chip strings (9-chip string shown)

: Aluminum carrier
Chip cables
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Max Rauch

\\.connection to
— transition card £ —
- s ) O/

Voltage drop along strings

inner most ALPIDE

Point(s) 2 Point 1

Voltage drop for each power line Voltage drop for each power line
100,0 e PWELL/SUB
200 um Al-foil ——Avss 120 . —— PWELL/SUB
ol H ~—AVDD 150 pm Al-foil —avss
80,0 ——DVSS 100 e AVDD
g 0.0 ——DVDD > ——PVSS
a 60,0 ——PVDD . 80 ——DVDD
2 ) ——PVDD
S 50,0 o
@ T 60
g’ 40,0 & ’\"—:—.‘.-_ -
2 30,0 S 40 e
o —
20,0 - p” - —— T
10,0 : e —
0,0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1

chip position

chip position

* \oltage drop along the flex < 100 mV — within specifications for both Al-foil thicknesses
* Decision to use 150 um Al-foil technology (preferable etching properties)




Max Rauch

Pixel layer production
N ib

sites

&
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Max Rauch

ALPIDE glue-jigs

/\' 7= S
— =

(i~ ALICE

* Glue-jigs produced by CCNU, Wuhan, China, arrived at University of South-Eastern Nonay

e Use case

* Aluminium carrier boards with 3 flex-cables premounted will be received
 Glue of ALPIDE chips to the Al-carrier boards

* Different versions of 9-chip, 12-chip and 15-chip layers
* Waiting for aluminum carriers fro Al-carriers from LTU, Ukraine

weights

15-chip version

12-chip version

9-chip version

Photo: Jergen Lien, USN
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Max Rauch
FoCal-E Pixel BUSY Violation Overview £8 %
 Main objective during our short Pixel test series: occupancy in the pixel layers "’f;j‘f’/ ALICE

 Dead time because BUSY violations expected at LHC (pp, pPb, PbPb)

* Possible measures of occupancy reduction
* Grid masks of the ALPIDEs (data taken May 2023)
* Decreased trigger frequency / longer frame length (incomplete data taken May 2023 + Sep 2024)
 Back bias voltage — less occupancy (data taken September 2024)

FoCal-E Pixel Busy Violations Layer 5
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Max Rauch

e

Occupancy with back-bias voltage <b‘f‘f Gl

° lon: ' Diffused charge | ]
TDR assumpt-lon' Reducuon Of average Bare particle hits (potential saturation) Back-biased ALPIDES N ’/ S u-n'-'u.3—
pixel cluster size by 75% e —
* Pixel cluster size reduced from 4 to 3 in y b" q

simulation | Back- |a$e

« Back-bhias tests indicate ~60 % e
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occupancy reduction at 3 V back-bias | ]
pyTer—— }1{- ‘;LT \% '—
S A T
 Advantages :
 Less hits —. less BUSY violations -
less detector deadtime L T T - | AN RS
‘@200 ALICE FoCal-E Pixel 0.14— ALICE FoCal-E Pixel
* Reduced data rate - SPS H2 September 2024 - N pl SPS H2 September 2024 -
i & Pixel layer 10 - U 1 Pixel layer 10 -
‘8800% . 100 GeV, electrons §0-12_ 100 GeV, electrons —
. ; - \‘--\_\ Work in progress : & Work in progress -
Potential problems | deto 2 0 W
« ALPIDE yield that can stand back-bias  §e«o; o | = [ || AV
- Back-bias distribution on the carriers -  T80% . 1 N / y Vg = -3V
« Radiation damage under back-biased O ~60% ] 0.06 | ‘-«’”’\ Ve =-S5V
Uk 800+ ! : '
condition .l 2 )' \
600 iR 0.04 |/ [ LY
o F ~40% - N y
; ] a1 Sl
200 E —- .: ,::.I'f‘ \
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2) FoCal-E PAD
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Motoi Inaba 10

Silicon Pad sensor
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Indian p-type sensor

Sanjib Muhuiri

8*9 Detector array

Beam test at PS is planed in the end
of October 2024 with HGCROC2

7-10-2024

Summary

v 5 good detectors made
v' IV, CV done for them

V" lleakage IS ~ 80NA

Status

v" One detector reached VECC
v' PCB attachement done

v’ Test setup and checks started.

17



Motoi Inaba 18

Tungsten alloy plates Takashi Hachiya

 Materials: HAC2,
 HRB: 103,
* Density: 17.8 g/cm3,
* Size and thickness: _

464 x 84 mm?and 3.5 mm in thickness.
* Blind-hole and screw-thread machining:

3 blind-holes on the bottom side and 4 screw holes on the sides.

A depth < 4 mm = An ordinary cutting machining,

A depth > 4 mm - An electrical discharge machining (= Expensive).
* Mass production:

A new fabrication method will be available for our wide plate.

Old: A standard press method.

New: Plastic processing (rolling) method. > W particles become elliptical

such as a shape extending in the L (horizontal) direction. - Test production (3 plates) in 2024
FP-1013 A —> 44 plates for the pixel layers. 7 A first half in 2025 and S
FP-4013_F - 396 plates for the pad layers. [ a second half in 2026 (+ 1spare) - Mass production in 2025/2026

* Quality control: - Quality control system on flatness
All plates will be tested using a new test station with high-precision thickness

sensors and edge-extractable digital microscopes.

. ol e IR e . a5 L e . . -
3.5 mm in thickness = One radiation length
] - 4 . - . " I7 4 ‘ e > - - Y R ’ - ¥ “j Ay B s 5 ‘J \ o . | P ) .'r oAy o - ; - - b ¢ R y - E
- » . ) ’ . ':, <~ ‘ ; ‘_:"‘(“ A ,‘d’._-' LL' - “‘ 'i' x l“"‘. - ’(..' £ v i ..‘i' 0 _y' .-.._ < _\...:'\ e e -
- ¢ 3 . s ¥ | . Y Ny o . o R e L o' e Y T A L' AP ‘oA
d / — - .\ - ey " A o - S BT L D amy Maye oy ~ % P .




Motoi Inaba 19

S|ng|e pad PCB Nicola Minafra

We have two designs of the single-pad PCB with the

HGCROC2 ASIC, and it is better to compare them with

each other in the same condition.

—> Beam tests at the KEK and ELPH-PARIS in December
this year and in February in 2025, respectively, is a
good opportunity to do it.

* AgoodS/N for the MIP measurement.
* A good insulation from a heat of the HGCROC ASIC and LDOs to the sensor.
* A good electrical insulation to the sensor.

* A good flatness.

Single-pad PCBs with the HGCROC-series ASIC in Japan. - Designing of PCB in Japan is

* Based on the 10-layer design by Grenoble which showed good performances. ongoing

* There is no fear of wire bonding. _ Comparison of two desian in
 Some PCBs will be available by the end of this year. P J

- The PCB with HGCROC2 for KCU105 (Additional fabrication) 2024 with HGCROCS In Japan
- The PCB with HGCROC2 for the flat-cable connection, - Fix the design by the end of

- The PCB with HGCROC3 (and 3A) for KCU105 (to develop / study a firmware) 2024, production in 2025

- The PCB with HGCROC3 (and 3A) for the flat-cable connection (for the final ver.)
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Pad model assembly Hotetinaba

Assembling in Japan ' -
g P GCROC test boards For the single-pad PCB (only)
A charge-injection card

: . Adhesive agents
HGCROC3 ASICs Soldering .

in a company .
Assembling
Silicon pad sensors

Shipping to CERN

Installation Stacking

and tests for the Placing on W-plate

module :
Assembling at CERN




Taichi Inukal

HGCROC test station

21
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* KCU105 FPGA board

We measured

HGCROC2 : 10 chips
HGCROC2A : 10 chips

- Total 20 chips

HGCROCZA chip padkage = 3




Taichi Inukal

HGCROC?2 test results

Important step for mass production: obtain own calibration

procedure and put in DB

20chips ToT vs dac value for channel O

1750 - Spikes were seen
1500 -
1250 -
— 1000 -
ﬁ
— Chip No.1 — Chip No.11
750 - —— Chip No.2 —— Chip N0.12
~— Chip No.3 ~— Chip No.13
~— Chip No.4 —— Chip No.14
500 - —— Chip No.5 —— Chip No.15
—— Chip No.6 —— Chip No.16
250 - ~——— Chip No.7 —— Chip No.17
~— Chip No.8 —— Chip No.18
_ o Chip No.9 Chip No.19
0 - High Range Injection —— chipno.10o  —— chip No.20
0 250 500 750 1000 1250 1500 1750 2000
OpC dacval 8pC

Linearity differences between chips are very small.

TOT [ch]

Best and Worst chip Linearity - —2% ~ + 1% (< 3%)

HGCROCZ Datasheet : —2% ~ + 1% (< 3%)

1750 -

1500 A

1250 -

Best and Worst Performance Chip Linearity (TOT)

—— Fit Chip 15
~—— Fit Chip 9
. . — 0O Chip 15 chO
| Fit Range : dac=200~2000 5 Chip 9 cho
© INL Chip 15
D INLChip 9

200 400 600 800 1000 1200 1400 1600 1800 2000

O . 8pC dac Value 8pC

—All chips TO'l' satisfy FoCal's requirements (< 3%) 6

22



Taichi Inukai 23

Scope for HGCROC3 vasunor Osana

HGCROC3

¢ Set up the test environment for HGCROC3 . ey STNEEE
12 HGCROCS3 chips were already provided from OMEGA L& §3;;5.6§~80§?1~ e

J/CEA 2120 KOR " AGH/CEA 2120 KOR
FCERN Y | " /CERN

« We want to use current setup
» Need to upgrade v2 firmware for v3 (by Prof. Osana) T [l : ‘
e Need to check pin assignment (almost same) S Al S?%%giig ‘ AQ %:({%F
« ORNL comes to Tsukuba to set up testing environment s -

(next November?)

& Establish the test system for 2000 chips

Back to the original board

* Reducing manual operaticn is quite important

¢ We need interaction with several GU| and command-line tools
* Replace this by newly-develcped auto-test-tool

* Opcn question: how do we define “good chips?™

st FPGAJ
q L J

KCUI05
A ULLERRLELLE
Automated software IPtus UDP packets Contrel & Acquisition

13




Yuka Sasaki

Neutron irradiation test at RANS

1st layer results

Last year (Run1) 2023, July

11.2+0.03

12.02+0.03| n

Unit: 10" /em?

1.12 x 1014 (n/cm?)

— Shown in TDR

1.36+0.03| ’

This year (Run1) 2024, May

3.74+0.21

i

4.34+0.24

3.50+0.21

Unit:10'%/em?

3.64+0.21

4.34 x 1012 (n/cm?)

24

— used final p-type sensor



Lab measurements for irradiated main sensor

25

Test beam in Japan, synergy with EIC

Jonghan Park

Shingo Sakai
Yuji Goto

=9

@ FoCal cooling studied by Polish group
v Simulation indicates a maximum temperature on a sensor about 20°C

@ Sr-80 source / room temperature (23-25°C) / 300V / 1.7-2.4mA

@ Clear MIP signal distribution measured at room temperature
v Ch10 corresponding to ~10'3 neutrons
v Consistent FoCal-E pad performance with current ceoling status

*note: space for readout may extend the longitudinal length.
Total: 60 cm x 60 cm x 162 cm

2z 105'5'”"”"' ' i :
é ! Sr-90 sourcP
Q8 o ¥R radiated scrisor (eh10)
J L\ Vhn =300V |
o j' X _ o] : 480cm_,  80cm
¥ I *—-—__-__#
‘ 1\ e - ey N~ 2.5\
1"’ 0\" - Ny
2l g n% A - N\ b
10° "\'Q. N l N ~
MY Crystal (PbWQ,) W/Si calo. Pb/Si calo. Pb/Sci. calo.
L 1*(.{:{#1 4 + Silicon Pixel layer 3 Pixel layers are inserted.
I I I L1l I 5
! ! 1 N,
l 1 111 I L1 1 ll L1l I L1 1 i L1 1 I 1 l}ﬂ}l].l l.l l Ill ll J y v
20 0 20 40 B0 B8O 100 120 140 Figure from a slide presented by
ADC unit Polish group at FoCal cooling meeting

Jonghan Fark (Univ. of Isukukal Iradiatcd pad scnscr pertormance at reem wemocrature AUW 2024

[ab test: @ room temperature, irradiated main sensor (104 (n/cm=2)) shows a clear MIP peak.
*Important feedback to cooling system.

- KEK test beam in December 11 - 16, 2024 (1-5 GeV, electron): final sensor test with MIP, irradiate
sensor, temperature dep.

*ELPH test beam in Feb. 2024 (800 MeV electron): HGCROCS test
* Discussed the strong synergy between FoCal and EIC-ZDC
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lan Gardner Bearden

FoCal-H Prototype 2

| — ~._.*‘-- u..ﬂg

. 9 6.5x6. J\lOO cm® modules of ()68 mm OD 1 lnnn ID Cu c aplllaly tubes

* [lach tube contams a 1 mm Luxium BCF-12 semtillating tiber.
* The center module 1s read out by a 7x7 array of SiPMs
* The outer module 1s read out by 5x5 arrays of SiPMs

e SiPMs: Hamamatsu S13360-6025 (6x6 mm? 25um SPAD:s)

* 249 readout channels (49 center, 8x25 penphery)

21



lan Gardner Bearden

FoCal-H Test Beam September 2024

1. Analyzable physics data
with H2GCROC proto

readout
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é 1800 _ Off-Peak Samples Sum — 250 GeV hadron
- H2GCROC3A, SPS H2 200GV hadkan
| September 2024 18h GaVf Fadron
1400 — b 100 GeV hadron
- M 80 GeV hadron
1200 =3 H 1L 60 GeV hadron
s \
1000 E F '
800 :— :
600
400}
200 "-7 N
0 M'

200
ADC Sum

23



lan Gardner Bearden

ADC distributions

Counts

— Septemb

4000 W
3500
3000
2500
2000
1500

1000

._.=-==-=ri:_l‘_l‘~=#‘:=llll‘ | ]| IIIIIIIIIJIH [ 1] |

08-10-2024

f
)
!
-
-

5000 FoCal-H Prototype 2

— Scan #5, Sample #3
4500 - H2GCROC3A, SPS H2

024

—— 100 GeV hadron
—— 150 GeV hadron
——— 200 GeV hadron
~——— 250 GeV hadron
—— 300 GeV hadron
—— 325 GeV hadron
— 350 GeV hadron
——— 60 GeV hadron

——— 80 GeV hadron

— 225 GeV hadron

Shihai Jia

14187.14 £ 112.67
: 2679.8 £ 1561.77
20311.81 £ 54.42
3689.35 £+ 62.13
26097.93 £ 37.65
4517.88 £ 59.42
31432.68 £ 120.23
5255.08 + 181.28
36430.81 + 196.24
5818.44 + 296.09
38937.59 + 239.59
:6114.61 £ 353.68
H: 41544 .99 + 233.93
0: 6101.85 £ 333.59
H: 8456.05 £ 68.15
o: 1984.56 + 88.62
M: 11361.74 + 129.11
o

K

o}

TR AT ST QE QF R E

: 2236.22 + 174 .41
: 28716.02 £ 66.54

: 4826.64 + 101.85

60

ADC Sum
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FoCal-H SiPM Radiation Tolerance?

SiPM candidates

* Large-size SiPMs considered (6x6 mm?) to simplify bundle

assembly and minimize the number of FEE channels. Hamamatsu NDL EQR20
S$13360

* Two candidates pre-selected from specs data and market availability — HPK S13360 & NDL EQR 20.




Yury Melikyan

Effect of zero-fluence vs few-days-fluence vs yearly fluence

At +25°C, response of the HPK
drops down to ~20% throughout
the year

AND

very high digitization errors arise
for pulses below ~1000 photons.

key plot

100k -

SiPM pixels fired

’

I'II L L "l"q T L 'tm" T L "lvt"' T T ‘l’l'l"

——
HPK S13360:

] Poisson prediction

] Measured before irrad
1{——— Measured after 410 n,/cm?

10K 3 —— Measured after 4e11 n,/cm?

//
1k
100 -i
10 -
] /
. Equivalent baseline noise: sdev = 6.3 pixels | shift = 220 pixels @ 5 VoV
14— e
1 10 100 1k 10k 100k 1M

Absolute photon flux (photons/SiPM) 23
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Implications:

* SiPMs cannot tolerate the
dose at small R (from
beam) between
annealings

1

r(cm)
S &

* Cure: cool (=-30C) or
move R>30.

* Chilled water is =14C

* Need to move “inner”
SiPMs outward.

00

S

S

40

20

108

660

Move SiPMs here to there

1 MeV neutron equivalent fluence (cm'2 ) for TQpb ’pp at4 TeV (FLUKA)

680 700 720 740 760 780

10"

5e10

1.3e9
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Fast simulation using ML for HCal

UIe

RESEARCH

AG H UNIVERSITY

| ., Performance of different frameworks
Chosen generative frameworks

GEANT

= . 4
(original data) 2 Lo
e Network Autoencoder 11.19 15.47 43.49 0.015
iz architectures:
Quantization GAN 5.70 24.71 100.98 0.023
grih VO-VAE 9.61 21.05 65.82 0.091
il VO-GAN 4.58 22.90 85.45 0.091
m NF 2.34 16.48 69.59 160.0
Flows
Diffusion 3.15 20.10 73.58 5.360

2.5
2.0
5
1.0
0.5
0.0




4) Readout
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Clear picture of readout scheme for all three subsystems and connections

FoCal Readout Overview

CB: Concentrator

P -
- N Board owel
110x High Voltage
2x 24V, 3A*: P& N PB: Power Board
o X ] : e
2: = giAs = ‘ . s ' : RU: Readout Unlt Data: co }_)}_.LI : flber
i 6xX 1KV, 0.1A: sensor bias (,’;q;;g,gr_:;‘(g} PadS: *] '|O CB

_ TC: Transition Card
2X Rx, 2x Tx Fibers

—

\ y
F N & 3
2 x22
2x14x 2 %  4x5V,5A:P &N
. 2x7V. 3A*: P & N for RUS Pix crate: *  6x-6V, 0.1A: back bias (coax?) Pixels: 2 x 22 TC
e 2x 24V 3A*: P & N for PB 14 RU + 14 PB e 6x 3V, 0.1A: enable
«  3xTx, 2x Rx Fibers * bx FireFly
L EEEEEIEEEE——SS [—’
ko \_ /
24 X - 3
e 2x 30V, 1A*: P&N
 6X(?) 56V, 0.01A: SIPM bias HCAL

* 1XRx + 2x Tx fibers

KU KARBAS 19




Clear picture of readout scheme for all three subsystems and connections

Nicola Minafra

A3009H*
A3009H*
A3009H*

-k

:
S
o
oM
<

KU KANSAS

A3009H*

CAEN EASY
PAD LV: 30ch, <28V, 1500W

CAEN EASY
PIX RU: 36¢ch, <14V, 600W

CAEN EASY
HCAL LV: 30ch, <28V, 900W

A3009H*

PAD LV: 114ch, <28V, 5700W

CAEN EASY CAEN EASY
PAD LV: 30ch, <28V, 1500W PAD LV: 30ch, <28V, 1500W

A3009H*
A3009H*
A3009H*
A3009H*
A3009H*

CAEN EASY
PIX PB: 30ch, <28V, 780W

*: still checking with CAEN.

Alternative A3006: max 16V, 6A 90W
per ch

A3009H*

A3009H*

Thanks to M. Bregant

CAEN EASY
PAD LV: 24ch, <28V, 1200W

A3009H*

A3009H*

NON RADIATION AREA

PADS HV: 21x16ch: 336 ch, <500V

HCAL BIAS: <100V, 3x48 ch: 144 ch

36
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FoCal trigger discussion

FoCal Trigger

The bottom line:

Pads and HCAL need a trigger, no problem with latency, max rate ~1 MHz H I.IC E
’ , : : . . : : : T :
Pixels don't need a trigger (continuous mode) but using a trigger is possible to reduce : o
. incl FIT
occupancy (and indirectly pileup). FoCal Trigger B
_ SERRE Processor  Eaiibd :
Problem: max trigger latency 1 us 5 (optional) |
" A .
Possible configurations: _ i IR : Pixe
Pixel layers Uni ts. : : Igéﬁq
»  ALICE Trigger: | Lot b

CTP - LTU - CRU » RU > ALPIDE oo long?
« ALICE “fast” Trigger:
CTP - LTU -» CRU-—-RU - ALPIDE  still too long?

Concentrator i
Cards

Pad layers

¥
BOR ras * FoCal-H & ped layers Lateney < 12850

Readout

In cavern > Counting room

« FoCal LOCAL Trigger: MipAr ethdtor ~50 meters away © ~120 melers away
PADs — FTP - RU — ALPIDE b

- FoCal REGIONAL Trigger: t requires a
PADs —» FTP - RU —» ALPIDE  — Focal Trigger

. FoCal HYBRID Trigger: Processor (FTP)
PADs —» FTP - RU —» ALPIDE

KU KARSAS 22




Pad: Data Concentrator Board

Pixels: Readout Unit Firmware

: Cutapen 8 :
................ ra . o } a
Can be rewsed tut need { Procang |0 L) AOE |
updating acurding Lo e e T i LLLL et Ontanam. | N io-ei Qua Q™™ | L
® L 'Y : - .‘.’s; o )
- » ' BB
' r - ,
1 : Cratavar O™ am™m e ’ TR S
’ worms AP Covro | Broge ’
'
lieo a* it ray noad littla ' i 3 @ .
]
adjustment . -
v’ I o " |
! Jetapen OF
- i us )
RGO )

Duta Fcvar 111 fody Delaoa™

Rigesmnscsopiisncacnsssytnabons i

Many project are ongoing towards finalization!
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HCal Readout

-Intermediate testing with a KCU or other FPGA board
-Looking forward to test with the CRU LpGBT firmware

[
i

|ece

= ;
FoCal-HGC2VLDB o eC a2 Corrachor O

¥ OAK RIDGE

National Laboratory

UNIVERSITY OF DEBRECEN
FACULTY OF INFORMATICS

VLDB+ J1 connector O

(e

Many project are ongoing towards finalization!



5) Mechanics and cooling
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Cooling system simulation and analytical calculation Cooling prototype (Al)

—l"_ - - ; "

‘ﬂs‘ FOCAL-E
QP POUISH ACADENY OF SCIENCES MODEL AND TEMPERATURE SIMULATION FOR PROTOYPE

Focal-E: result of numerical ANSYS analysis

+t 16.91

C) 129é
Boundary conditions:
 Water flow of 4 |/min for one HE
* |nlet water temeprature 12 °C

* Free Convection (air temeprature 20°C)

Focal-E: Prototype model

Heat value to remove (assumption)
* Plate with HGCROC: 12,5 W

* Plate with Pixel layer: 18 W
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New FoCal platform

»

FoCal lifting system



Summary and outlook

FoCal TDR has been approved in March 2024

Moving towards the construction for Run-4 physics
data taking

1008

Three subsystems (PIXEL, PAD, HCal), readout and
mechanics/cooling groups are working coherently
towards the common goal

Please join the FoCal group and let’s work
together!

Service tasks on FoCal will be opened soon
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