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The FoCal project coCal-H FoCal-E
(pad, pixel)

Electromagnetic Calorimeter

- Forward Calorimeter Hadron Calorimeter

~ Endorsed by LHCC as an
upgrade project towards TDR
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FoCal Public Note (Lol) :
CERN-LHCC-2020-009

Collision Point

3.2<nN<5.8
n = — In(tan(6/2))

Observables: o
* 110 (and other neutral mesons)

* [solated (direct) photons

. FoCal Project Leaders:
« Jets (and di-jets)
« J/psi, UPC C. Loizides (ORNL), |. Bearden (Niels Bohr Inst.), T. Chujo (U. Tsukuba)

2


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

Current
Uncertainty

Determination of gluon distribution in Pb nucleus by FoCal

- Isolated photon measurement -

p-Pb / p-p

F10 “°°Pb reweighting

NNNPDF 90% CL

- EIC fit 90% CL

FOCAL refit 90% CL

Q=10 GeV?

Determinej 1
for the B
first time
by FoCal
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New regime to be explored by FoCal

1

Q~ DT (Transverse Momentum) (GeV)

N

New regime to be explored

10° T T T TTTT] i W T T

b:y FoCal -

\ y central LHC |

Uy 2

oy / '."7 )~ i

Y Y

i Expected region T ~_ -

K for CGC ! 2
Qs?i,)

| III| LIS IHI ' Illl | IIIII I | ,IIII| N

107 10 107 107 102 10" 1

X

Higher energy/ more forward



FoCal technology in EIC ZDC

——WISi (22X,)+
Tracking

Pb/Scintillator
iy e Pb/Si (51 )

PWO (8%)+ (2A)
Tracking

T A ZDC design for EIC
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| FoCal Japan Group

e University of Tsukuba

+ FoCal-E pad

+ T. Chujo, (new AP), Y. Miake, A. Ghimouz, S.
Sakai, T. Kumaoka (D3), Y. Asatani (M2), T.
Kawaguchi (M1), K. Sato (M1), T. Inukai (B4), T.
Yokoo (B4)

e Tsukuba University of Technology

+ FoCal-E pad electronics, IV/CV, probe station,
module assembly
+ M. Inaba

e Hiroshima University

+ Integration
+ 1. Sugitate

e Nara Women'’s University

+ Test beam, IV/CV temp dep.
+ M. Shimomura, T. Hachiya, Y. Sasaki (B4)

7 Institutes and 23 members
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+ Irradiation test, trigger, test beam
+ Y. Goto, I. Nakagawa, R. Seidl, M. Kim(PD), (T.
Kumaoka, JRA D2)

e Nagasaki Institute of Applied Science

+ PAD readout, CRU, trigger
+ K. Oyama
e Saga University

+ CRU, trigger
+ T. Fusayasu, T. Ishida (M2)



Detector design

1 mm . .
N e — FoCal-E 20 layers of W(3.5 mm = 1X?) + silicon sensors:
v Two types: Pad (LG) and Pixel (HG)
u * Pad: shower profile and total energy
SEEEE * Pixel: position resolution to resolve overlapping showers
1 HG cell
Separate y/m0 at high energy
Two photon separation from 12 decay (pt=10 GeV, n=4.5) ~5mm
e Requires small Moliere radius and high granularity readout
Longing SegReRtetion e Si-W calorimeter with effective granularity = 1mm?

0 1 2 3 B 5
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FoCal-H Conventional metal-scintillator design

Sampling / tower structure not yet defined
No longitudinal readout required

apbsorber LG layer

Longitudinal profile (2y showers) Trans. profile

»* Geantd simulation Transverse Profile
n? Geant4 simulation ; Longitudinal Profile -
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FoCal integration

PAD layer ]

PAD block

Module:

18 PAD layers + 2 PIXEL layers

= Pixel layer
g — Y 16 cm

FoCal-E: 22 modules
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FoCal R&D status

1.FoCal-E PAD
2.FoCal-E PIXEL
3.FoCal-H
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CERN EP Newsletter (March, 2022) on FoCal test beam in 2021

https://ep-news.web.cern.ch/content/towards-focal-alice-experiment



https://ep-news.web.cern.ch/content/towards-focal-alice-experiment

FoCal-E PAD sensor ’

1 cm ] ]
1 First time use of p-type for FoCal (2021, Feb., ELPL)
\ 1 cm - 8x9 cells + calibration cells (w/Al), produced 30.
calibration cells Main cell - More rad. hard than n-type.

- used APV25 hybrid board, compatible with HGCROC (readout
ASIC for final detector) in 2021, and used HGCROC v2 in 2022

- Seen clear MIP signal (cosmic etc.), 25-33 ADC counts (APV),
10-15% variation.

Histogram: MIP peak position

1 03 — Numbers: Dark current from Hamamatsu
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p-sub, 320 um, w/ Al,

j-—-i 1 cm? pad cell size ELPH (Tohoku U.) test beam 2021
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eam, T9 line (2022.06)
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= HGCROC for FoCal-E PAD readout
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FoCal-E PAD : Results

Bias voltage scan by hadron beams (15 GeV/c)

Il

350 V

150 V

\

25V

40
ADC

Clear MIP peaks have been observed

- Preamplifier setting scan to choose best setting

for MIP

* Reaching full depletion voltage ~300 V
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2022 PS testbeam, FoCal-E pad layers
ASIC 7,ch 17
Preamp sellings (Rf, CI, CI_comp)
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Position scan, 2022 PS testbeam, FoC

FoCal-E PAD : Results

al-E pad layers
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Position scan by hadron beams (15 GeV/c)

Clear MIP peaks have been observed for
(almost all) channels layers

Position scan performed

with 100 GeV hadrons
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Temperature dependence of MIP peaks for 1

p-type 8x9 main sensor (ELPH 2023, Feb)
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(RIKEN Accelerator-driven compact Neutron Source)

Neutron Irradiation test in Japan

N. c/v monitor

(Yuji Goto)

2Cm
5C¢m

10cm

11523

Si-PD
BT
p-type Si proton 7 mev
& I Rlgs=]
n-type Si Be -target
PHMEA
10 cm 2
I
lhour 2hour 3hour 4hour Shour
3600 7200 10800 14400 18000 x10?
n../cm’
576 1152 1728 2304 2880 ed
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— S000E i v fﬁ’ﬁ"&t’ ]03
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(RIKEN, Tsukuba Tech, Tsukuba, Nara)

* First irradiation test for both p and n type Si with

neutrons was done on March 3-4, 2022

- 2nd test: March 7-8 ,2023

 After irradiation, IV / CV remeasured
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RANS irradiati
ﬁ ‘ 3R B K

Natia=al University Corporation
RIN=H

est

arch 3-4, 2022, RANS at RIKEN

Tsukuba University of Technology ﬁi&k%

Unrversiry of Teukuba

2022 data (first test)
- Monitor PD, baby chips were used

~ irradiated ~1014 neutron /cm2 in two days

Motm: INARAR
£ No .1 New n-type p-type
;'- / . > A leakage current [uA] I-V characteristics of the n-type MPD (Tsukuba) The leakage current [uA] The |-V characteristics of the p-type MPD
& & - 45 250
o . 4 . ' + Before the beam ~ 13:33:04 e 14.53:31 e 15:25:11 » Before the rradiation

* 16:42:29 « 17:47:08 » 8:51:05 * 10:56:22 « 2022/3/3 [The end cf the 1st cey)
¢ 12:17:41 . 13:26:47 * 14:42:01 » 15:09:55 200 —e-2022/3/4{Theend ofthe 2nd day)
- 16:01:21 16:32:17 16:39:53 « 17:12:27 * 2022/2/7
20 * 2022/3/10
150 * 2022/3/14 /

2022/'3/25 » ." w‘o
« 2022/4/8 ;sv W M
100 - ——

¥
s L B -
v A s
0 —
0 50 100 150 200 0 200 400 600 800 1000
A bizs vcltage [V] The bias voltage [V]

PCBs with sensors * (M. Inaba)
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Probe station for large sensors 7

(M. Inaba)

Bl AFIAAN

An idea of a new prove station b

aaaaaaaaaaaaaaaaaaaaaaaaaaa

Ts,l klh U nver 5|ty of Technology

CCD camera for positioning B

< . USB
Slidable

The outside of a new probe station

=
; ! @
A camera '

M

GP-IB

—

l

Analog multiplexers + FPGA %I:I C-meter
_ Connectors

The prove card with probe pins

RERRRRRRRRRRRRRRRRERR

Holes for a camera

The sensor SMU outputs +/-1000V The sensor has alignment marks
: t th :
for a bias voltage of the St
The base plate for the sensor cancor
An electrical insulator .
- | There are two ways to connect Width: 350 mm,
ecuum anualstages | | o with the substrate of sensor, h‘:ﬁ:‘ i:so ol
| (XYZ +R) the surface and backside. i s
(the box only: 180 mm).
The base plate T T T

<A sectioned drawing >




Probe station for large sensors

Ihe stand for
+  the sensor

The fro

\'o

This cupper layer can be used
for applying a bias voltage to
the backside of the sensor.

Cu (+/-2000 V max)

f ¢

13
(M. Inaba)

The probe card

The prove card has 78
prave pins for connecting
with the wire-bonding pad
Of the mail sensor.

| also developed a jig to
put prove pins on the PCB
with a precise angle.

A test result

Current [nA|] I-V characteristics of the 2x2
20

* G.R. € Asingle connection.

0 200 400 600
Current [nA]

« Pads € The sum of 4 cells + 1 calibration CQV
19

10
| have some more results
S and we will share them
in the near future.
0

baby chip

800 1000




SPS test beam, H6 / H2 line (2022.09/11)
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Longitudinal shower profiles

Counts

FoCal-E pad longitudinal shower profile
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TOT sum distributions

~ energy deposit
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Number of entries (normalize

2022 preliminary results [HICs layers | -
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Number of pixel clusters

FoCal-E PIXEL @ SPS test beam in 2022

» Successful commissioning of the HICs (ALPIDE)
* Double and triple electron signature identified in

“ALICE FoCal-E Plxel'
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Prototype 2 (used during 2022 tests)
* Cu capillary-tubes enclosing BCF scintillating fibers

c6.5cmx6.5cmx 110 cm

« 1T mm BCF12 scintillating fiber

« SiPM: 9 (central), 25 (sides) Hamamatsu: S13360-6025PE

- Readout (1) : 2/3 CAEN DT5202 boards (2xCitiroc-1A chips)

- Readout (2) : Alternative custom VMM-based readout (with SRS system)

3
A
h |
A

)

)

P2: ~ 1100 mm

P1.~ 550 mm

P

(2)(0).(0).(9)(9)(e) (1) (s) (&) (s)
QIOICICICIONOION0
() (o) (0] e)(e)(e)(s)

(9)L0).(2)(2)(2){e)(e)(e) ()
(9)(0).(0).(0)(e)(e)(s)(w)(s)(®)
(0)(0)(0)(e)(e)(®)(e) (o) (w)
() () () (e)(e)(e)(a)(a)(a)(s)
QIOICICIOIOOION0
(2)(2)(e)(e)(2)(e)(e)(e)(e)(®)
2)(e)(e)(®)(e)(e)(e)(e)(s)
(®) () (=) (=) (=) (v)(u)(w) (u)(w)

: P2: ~ 65 mm ;
~ >

P1:~ 100 mm




Vertical Position [cm]

FoCal-H (9 modules) 2D hit maps with hadron beam @ different energies

Spatial Distribution of ADC Counts
Combined Acquisition; Hadron Beam @ 80GeV

16.0 2000
- 1750
13:33
- 1500
10.67
1250
8.0 1000
750
5.33
500
2.67
250
0.0 0

0.0 2.67 5.33 8.0 10.67 13.33 16.0
Horizontal Position [cm]

80 GeV Hadron

*Energy deposited increasing with the beam energy

ADC Count

Vertical Position [cm]

Spatial Distribution of ADC Counts
Combined Acquisition; Hadron Beam @ 250GeV

16.0 2000
- 1750
13.33
- 1500
10.67
- 1250
8.0 1000
750
5.33
500
2.67
250
0.0 0

0.0 2.67 5.33 8.0 10.67 13.33 16.0
Horizontal Position [cm]

250 GeV Hadron

ADC Count

Spatial Distribution of ADC Counts
Combined Acquisition; Hadron Beam @ 350GeV

16.0 2000
L 1750
13.33
= L 1500
M 10.67
- 1250
S
2 8.0 1000
Q.
I 750
£ 533
= 500
2.67 .
0.0 0

0.0 267 533 8.0 10.67 13.33 16.0
Horizontal Position [cm]

350 GeV Hadron

*Grey bands — Non instrumented SiPMs (3 CAEN DT5202 boards used)

49 (central) + 25x8 (sides) SiPMs, photosensitive area: 6x6 mm, pixel size: 25 um

ADC Count
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FoCal-H

- Reconstructed charge in the FoCal-H prototype [ADC counts/energy]
- SPS positive hadron beam, energies (60 - 350 GeV)

w/ FoCal-E infront

2022 Prototype

0£.11.2022

Beam Energy
ALICEFoCaI-H. | 60 GeV
} 100 Gev
| | 150 Gev

| 1 200 Gev

250 GeV

"1 1 300 Gev

350 GeV

Energy [ADC]

Number of events

15000

10000

w/0 FoCal-E infront

_ _ALICEFoCal-H
§2022 Prololype

- Distributions qualitatively follow the expected trends

- MIP peak (centered around 0) is at the same position for each beam energy

- The position of the second peak move according to the beam energy

- The tails at lower energy deposit disappear (conversion in Focal - E)

Beam Energy
| 60 GeV

{ 100 GeV

| 200 Gev

250 GeV

{ 300 GeV

350 GeV

100
Energy [ADC]

01.122022

24
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2021 2022 2026 2027 2028 2029
Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4Q1 Q2 A3 Q4 4Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4/Q1Q2Q3 Q4/Q102Q30Q4

LHC

Lol

R&D

Test beams (SPS, DESY, KEK)

TDR

Final design

Production, construction, test of module
Pre-assembly, calibration with test beam (KEK)
Installation and commissioning

Contingency

Global commissioning and physics data taking

Final R&D in 2022 towards Technical Design Report in 2023

Production in 2024-2026, Installation in 2027, Physics data taking in 2029-2032 (LHC Run-4)



TSI (22X,)+

Trackin
g Pb/Scintillator

Pb/Si (5%;)

PWO (8Xp)+ (24)
Tracking

 For EIC ZDC, there is a proposal to use a FoCal technology

e FoCal in ALICE;
* Final design and performance evaluation towards Technical Design Report (TDR) in 2023
* Production in 2024-2026, Installation in 2027, Physics data taking in 2029-2032 (LHC Run-4)
 Good synergy with EIC both detector wise and physics wise

* Progressing well towards the final design

Thank you for your attentions !

20
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HGCROC (shaping time and noise)

Preamplifier waveforms
Default preamp gain: 160fC range

| | | | 3500
o.s—é ' 1.5 ta 1601C 3000
: \ : 10mMC ; :
170fC 2500
1806C 2
s S 2000 ¢
@ 1500 —
e ‘ e —e—ENC(320fC Range)
1000 ——
o—9 —ENC(160fC Range)
500
" —o—ENC(80fC Range)
; 0 20 40 60 380 100
| i Cdet (pF)
0 25 50 75 100
x10
(s)
HGCROC shaping time < 25 ns Equivalent Noise Charge (ENC) as a

function of the detector capacitance

from HGCROC2/2A data sheet (CMS/OMEGA)



List of institutes participating in FoCal (Lol, 2020)

ALICE-FoCal collaboration

34 institutes, 12 countries
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LHC Run-5 and beyond

Hardware commissioning/magnet training
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