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1. INTRODUCTION

FoCal physics
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* Neutron star image: https://phys.org/news/2018-09-neutron-star-jets-theory.html



https://phys.org/news/2018-09-neutron-star-jets-theory.html

A Journey through QCD

The ALICE experiment:
ALICE white paper (10 years of ALICE) A jOU rney th rough QCD

328 pages, summary of Run-1 and
Run-2 physics results

https://arxiv.org/abs/2211.04384

Submitted to arXiv on November 8th,
2022



https://arxiv.org/abs/2211.04384

How QGP is created?
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CGC? collision Quark Gluon Plazma Hadronization
(undiscovered yet) (QGP) Freeze-out
New research On-going research

Three Open Questions

Q1) What is the creation mechanism of QGP?
Q2) Why QGC rapidly thermalized?
Q3) Does Color Glass Condensate exist?




Q1 and Q2: Possible scenario of QGP formation

Before collision After collision Thermalizaton ~0.6 fm/c

Color Electric/Magnetic

Fields: E,B
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PDF: Parton Distribution Function
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Probability density of quarks and gluons as a function of the

momentum fraction

X = Pq,g / Pp .depend on the wave length (Q?)
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Q3: Appearance of Color Glass Condensate (CGC)
- Initial condition for QGP formation-

Normal
Proton, Neutron

Color Glass Condensate (GCG)

Large x
~9 0° (nissmall)

Small x
~0° (nis large)

Low energy (\/E small), pr Large g —>88

High energy (\/E large), pr small
g8 =8

n = — In(tan(6/2))

K. Watanabe



The FoCal project FoCal-H FoCal-E

- Forward Calorimeter Hadron Calorimeter Electromagnetic Calorimeter

~ Endorsed by LHCC as an
upgrade project towards TDR

(Technical Design Report) for
LHC Run-4 (2029-)

= TDR in 2023 summer

SN
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o 1

Collision Point

3.2<nN<5.8
n = — In(tan(6/2))

Observables:
* 110 (and other neutral mesons)

* [solated (direct) photons

« Jets (and di-jets)

« J/psi, UPC FoCal Public Note (Lol) : CERN-LHCC-2020-009



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

e FoCal can access to ...

(D Forward
@ Higher energy

@ proton < Lead

— Zero degrees

— Highest collision energy at LHC
@ Sensitive probe — Photons

— Heavy ion acceleration at LHC

0=90°
n=0

Direct measurement of gluon
| density by “photons”

: 0=0°

'New physics explored by zero degree frontier at high energy

Put detector at very
forward region

(penetrating and sensitive probe)
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Higher energy/ more forward

Satisfied all 4 points,
Access to the new regime
to detect CGC clearly

for the first time
— Physics case is compelling
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Determination of gluon distribution in Pb nucleus by FoCal
- Isolated photon measurement - i
. Y

p-Pb / p-p
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Energy loss in Color E/B fields in Pb-Pb

Color Electric/Magnetic Fields E, B

)

Nucleus

-

Suppression of 0 yield?

Forward direction

Nucleus
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Physics in Extreme; Strong fields (gravitational, electromagnetic, color)

Magneter Early Universe

Strong magnetic field

Strong Gravitational, color, E/M fields

Heavy lon Collisions | |
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2. FoCal detector
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ALICE-FoCal collaboration

34 institutes, 12 countries

ALICE

BARC
Berkeley
Bhubaneswar
Bergen
Bose
CCNU
Detroit
Gauhati
Grenoble
Hiroshima
Houston
HVL

IITB
Indore
INR RAS
Jammu
Jyviskyla
Knoxville
Nara

NBI
MEPhHI
NISER
Oak Ridge
Oslo
Panjab
RIKEN
Sao Paulo
Tsukuba
Tsukuba Tech
UFRGS
UU/Nikhef
VECC
USN
Yonsel

Bhaba Atomic Research Centre, Mumbai, India
Lawrence Berkeley National Laboratory, Berkeley, USA
Institute of Physics, Bhubaneswar, India

University of Bergen, Bergen, Norway

Bose Institute, Kolkata, India

Central China Normal University

Wayne State University, Detroit, USA

Gauhati University, India

LPCS Grenoble, France

Hiroshima University, Hiroshima, Japan

University of Houston, Houston, USA

Western Norway University of Applied Sciences, Bergen Norway
Indian Institute of Technology Bombay, Mumbai, India
Indian Institute of Technology Indore, Indore, India

Inst. f. Nuclear Research Russian Acad. of Science, Moscow, Russia

Jammu University, Jammu, India

University of Jyviskyld, Jyviskyld , Finland

University of Tennessee, Knoxville, USA

Nara Women’s University, Nara, Japan

Niels Bohr Institure, Copenhagen, Denmark

National Research Nuclear University, Moscow, Russia
National Institute of Science Education and Research (NISER)
Oak Ridge National Laboratory (ORNL),Oak Ridge, USA
University of Oslo, Oslo, Norway

Panjab University, Chandigarh, India

Institute of Physical and Chemical Research, Toky, Japan
Universidade de Sao Paulo (USP), Sao Paulo, Brazil
University of Tsukuba

Tsukuba University of Technology

Universidade Federal Do Rio Grande Do Sul

Utrecht University, Utrecht, and Nikhef, Amsterdam, Netherlands
Variable Energy Cyclotron Centre, Kolkata, India

University of South-Eastern Norway, Konsberg, Norway
Yonsei University, Seoul, Korea

List of institutes participating in FoCal (Lol, 2020)
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S. Risédnen

K. Read

M. Shimomura
I. Bearden

A. Bolozdyny
B. Mohanty

C. Loizides

T. Tveter

L. Kumar

Y. Goto

M. Munhoz

T. Chujo

M. Inaba

M.B. Gay Ducati
T. Peitzmann

S. Chattopadhyay
J. Lien

Y. Kwon



.| FoCal Japan Group 7 institutes and 24 members

e University of Tsukuba ‘ wannxe @
%ﬁﬁwakffﬁbn Toukuba Univrsiy of Technology r“%;t_,_
+ ible: i |
Respo.nsmle. Fo(?al E pad (6.I||) | }@ .H%&Ké %ﬁ%jw
+ T. Chuijo, (N. Novitzky), Y. Miake, A. Ghimouz, S. P |
& g

Sakai, T. Kumaoka (D3), Y. Asatani (M2), T. RIKZN
Kawaguchi (M2), K. Sato (M2), T. Inukai (B4)
e RIKEN

e Tsukuba University of Technology
. . - .
+ Responsible: FoCal-E pad electronics, IV/CV. Responsible: Irradiation test, trigger
+ Y. Goto, I. Nakagawa, R. Seidl, M. Kim(PD), S.

probe station, module assembly o
Shimizu (PD), (T. Kumaoka, JRA D2)

+ M. Inaba
o Hiroshima University e Nagasaki Institute of Applied Science
+ Responsible: CRU, trigger

+ Responsible: Integration
+ K. Oyama, (one PhD student)

+ T. Sugitate _ !
e Nara Women’s University e Saga University
+ Responsible: CRU, trigger

+ Responsible: test beam, IV/CV temp dep. T E = lehida (Mo
+ M. Shimomura, T. Hachiya, M. Hata (B4) - Fusayasu, T. Ishida (M2)

l}\J



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

~r - o - )H( > = b

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 -
2 »
L ) . = , . B = = = o = oo
=, =;3DQD.§.@@QDM@BGJ ”L.EID‘—?~
I _ = a4 —
O o [ F [e]le|e|OF0|e || =3|EE[E] &= = £ o ntﬁ =
S > o o 2oz ceEe[EalkE E = oy j —
> | e D mE :T DO OO0 B @ = e o}
— - = . . — (o -
| E=450GeV =, ' -
y=45,p =10 GeV/c . PAD W PIX 5th Layer
-5 T B P =41 PIX 10th Layer
= number ; P P i | B
J " L A l A A A A l _4 _2 0 2 4
0 5 10 x [cm]

Z [em]
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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

L =]
- - e |
o |
e FoCal-E
e ——
\
N\\
Ton van den Brink 3

19
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FoCal R&D status

1.FoCal-E PAD
2.FoCal-E PIXEL
3.FoCal-H

CERN EP Newsletter (March, 2022) on FoCal test beam in 2021

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

20


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

June @ PS, CERN (<15 GeV h, <5 GeV e)
*Sep. & Nov. @ SPS, CERN (<200 GeV, h and e)

FoCal-E

18 single pad, and 2 pixel layers
* PAD: HGCROC for PAD w/ aggregator board
* PIXEL

FoCal-H

*9 modules, 3x3
Each module: 6.5 x6.5x 110 cms?

o

Amphenol FCI : Qe | P , Beaw
62684-362100ALF 3 54104-3633 | FH12A-365-05SUISE) A e

N AW NN

PIXEL

174,2

194,45

FoCal PS/ SPS test beam in 2021/2022

FoCal-E PAD & PIXEL

21

FoCal-H



PS test beam, T9 line (2022.06)
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PS test beam (2022.06)
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back side (Au)

FoCal-E PAD sensor

1cm1
<t

1cm

calibration cells Main cell

Hamamatsu S16211-0813
p-sub, 320 um, w/ Al,

1 cm? pad cell size

24

First time use of p-type for FoCal (2021, Feb., ELPL)

8x9 cells + calibration cells (w/Al), produced 30.

More rad. hard than n-type.

used APV25 hybrid board, compatible with HGCROC (readout
ASIC for final detector).

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

10°E

Channel: 76

mean = -0.68 + 0.06

Gaus: © =~ 469 = 0.04
mpv = 28.06 = 0.38
G =3.79 = 0.24

Corrected MIP pos: 28.74

Landau:

Al

| | | | |
50 100

15(

ELPH (Tohoku U.) test beam 2021

Histogram: MIP peak position

Numbers: Dark current from Hamamatsu

30

25

20

3 15
30 10
3

5
2

| 0
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FoCal-E PAD : Results
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ch 13 ch 18 ch 29 ch 32
ASIC 2 Asic1 [(] asiC1 AsiC1 | ASIC 1
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Position scan by hadron beams (15 GeV/c)

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

Extracted position scan for each layers:
i J\_ * Study the edge-effect of the silicon sensor

* Data analysis is on-going.

Full depletion around 300 V

O 14r
A
< .
12_—
10
8
i ASIC 1
6‘_ —o MIP pOSitiOn
41
20 - o o o
O—I L1 1 | | I . .| | L1 1 I L1 1 1 I 11 1 I |- |
0 100 200 300 400 500

Voltage (V)



SPS test beam, H6 line (2022.09)
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_SPS test beam, H2 line (2022.11)
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SPS test beam

Y ‘%

, H2 line (2022.11)

, ' 3 1 ™ | ~

* Hadron energy scan:
» 350, 300, 250, 200, 150, 100, 80, 60 GeV/C
* 1M events each
* Electron energy scan with FOCAL-H veto trigger:
= 300, 250, 200, 150, 100, 80, 60 GeV/C
« 1M events each
* Electron energy scan without FOCAL-H veto trigger:
« 350, 300, 250, 200, 150, 100, 80, 60, 40, 20 GeV/C
» 500k events each




Htnapfor ASCO

HtnapfrASC4

Hitnap for AS C A

= &8 =

Fhmazo ‘or ASIC |

Fimaz ‘or ASIC 5

| ¥mas ‘ar ASIC 9

Htnap far ASC 17

2
2

1

Hitmsp for 8SIC 2 FitmacforASC3
Htrmzp for ASIC E FtmasforASC7
Hitrap fos ATIC 10 Himap far ASIT 11

Hilrap o A3SIC 14 Hunep fur 831Z 15

QC plot
-oCal-E PAD hit map
Run: 1327 (Nov. 6, 2022)

Hadron beams at 350 GeV
SPS H2

w
A

ADC distributions around hit (Layer 0O)

B " L3 oNro

K. Sato

MIP peaks

Files: from datal 2022 11 06 14 30 28 00l.raw
to datal 2022 11 06 14 34 53 0l9.raw

Beam energy (GeV): 350

Type: Hadron

Delay: 17, 12

TOT: 350

TOA: 250

Power recycle: Yes

Number of events: 1.M (by the infinity mode)

Run number = 1327




Beam energy scan for FoCal-E pad

K. Sato h1_totRaw 7 61
- = 0 TOT (Time over Threshold) outputs
- —e— Electron, 300 GeV Entries 50175 . .
'} —e— Electron, 250 GeV Mean s391| for different beam energies for
— Electron, 200 GeV Std Dev 271 4 eleCtron S
104 - —e— Electron, 150 GeV
— Electron, 100 GeV
= — s Electron, 80 GeV Layer 7, Channel 61 only
B Electron, 60 GeV - TOA threshold = 250
Electron, 40 GeV - TOT threshold = 350
103 — —e— Electron, 20 GeV
= Energy resolution (TOT only) M. Kim
_;"'.\ * &\O/ 151~ ® Data (no layer5)
102 —3" ‘ - 5 : ® Simulation (no layerb)
o ’ N, TR Eﬁ i O  Simulation
$: N g T ?
P *# 2 oL . Preliminary
10 I
4 T ; ‘ )
Py b l 5__ .
: @ B o
1 :ill S » _ ®
! O
| | | | | l | | L | | | | | | | | | l k=] | | I | | | | B O O
0 500 1000 1500 2000 2500 3000 - | | | |
TOT ~ Charge % 50 100 150 200 _ 250

Energy (GeV)



2) FoCal-E PIXEL @ SPS test beam in 2021 33

Shower Event at Pixel Layer 5 Shower Event at Pixel Layer 10 (Bergen, Utrecht / Nikhef, LTU, Kharkov)

Entries 643 Entries 1202
> 3000} g ; 3000 s z 3 ’ -1
¢ sof € [ 60@ ‘
BN s s e S DBQO 7
. ; é 0 i
2000 __ ........................................ Al 2000 __ .......................................................................................................................
60 GeV, ! ; 30 i o
| ............... T ST ........................................ Y B oo ........................................
hadron - s z - s
1000; ..................................... , ........................................ . ........................................ ’ 20 1000 -_ ..................................... ,. ........................................ ’
- é : - —120
T A o I 7777/ 77 /77777
500 500 o
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0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
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-3 =
S
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Moany 1409
S Dwv »
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Cut 3 Cut 2
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E - f : ¢ Dala20GeV

= | S = “ ° Dala 80 GeV

S E— : ' 20 GeV edectrons simulated
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= ; : .
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200 and layer 10 ! 7, M B
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Me £ 1578 100 Iaye rs 1077

Meany 1684
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2) FoCal-E PIXEL @ SPS test beam in 2022 34

(Bergen, Utrecht / Nikhef, LTU, Kharkov)

The FoCal detector at the ALICE experiment

N S . { : ' _ N , ' SO
Q&S N N &S&\S&k &&&&\gg&g\ WS RN &\\\‘&
~ ALICE
_—‘f/ N\\
AT & 4l
S
1
N \\. L S . 2 8 Q. * NN : N NN N : \L\ “.\. \\ ‘11\ ! ‘1;.. \ \‘_\ N
E\;\_:\ELE\_‘JNENJ\EN;KE\_J\:\_\_\J\l\_ﬂDk;\EQ;‘\Bh_ 2 HG Layers (5’10)
- ITS OB HICs readout by CRU Ep#0
5 5 4 3 2 1 q geTiDOds|
o | 20 [[2a [ 22 | 23 | 2a GBT ID 0x45 l;
26 (|27 | 28 | 29 | 30 GBI IDOMO| 3
21 | 20 [|19 | 18 | 17 GBT 1D 0x48 s
37 36 35 34 33 ID 0x58 (]
Y Pix hitmap in layer 10 ) 0 23 a4 a5 2 Qﬁg D 0:58 FEE O
53 | 52 ||51 [ s0 | a0 | a8 GRT ID 0x48
Prxel hit profile in laver 5 57 53 50 60 51 62 GBT ID 0x45 FEE 2 -
o} ]
73
n ||m [ | 7| ' | |earoous| . <
6o | 68 ||e7 | o6 | 65 a GBT ID 0x48 1]
Electrons 60 GeV 55 | B4 |les | &2 | & [WEN |cerooss| | @
1 29 | 90 [|oa | 92 | 92 GBT ID 0x56

Dival hit nrafilo in lavar 1N

November 21st 2022 Focal Meeting 2
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3) FoCal-H

10cm x 10cm x 55 cm

7 ;/ | i&‘
/’e# 117 ‘3‘

Cu tube,
2.5mm oD
1LimmID

‘ 1mm OD
Santillating fiber

FoCal-E and FoCal-H combined analysis (2022 SPS, Nov)

— hChargeSum_ Run1262
l Entries g812

Mean 7.138e+04
Std Dev  2.058e+Q4
ACharneSumNaTOT Run1252
Entries 7157
Mean 7.454e+04
Std Dev  2.028e+04

hCrargeSumMoTOTNOADC 3 1262
Entries 5337
Mean 8.103e+04
Std Dev  1.673e+04

Raw
FoCal-E no TOT

FcCal-E no TOT, no ADC
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» Spaghetti-type calorimeter
» Copper tubes
- outer diameter 2.5 mm
- Inner diameter 1.2 mm
o Scintillator fiber
- diameter 1.0mm
- 36 x 40 = 1440 fibers
 Module Size: 95 x 95 x 550 mm3
e Si-PM: Onsemi MICROFC-60035-SMT-TR1
with 35 um cell
« Two CAEN A1702 boards for readout

Total energy distribution

* Using two CAEN boards with event matchmg

2000

S0 100
Encrgy [ADC]

g0

-
80 70

(Copenhagen, Sophia)



3. Future Plan



37

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)



Plan in Japan (2022-2023)

. PS test beam (06.2022) [done]
. SPS test beam (09.2022), CRU-FLP readout, common for PIXEL and HCal [done]
. 2nd RANS test @ RIKEN for irradiation test (regulator, Si sensor) (1.2023)

. SPS test beam (11.2022) [done]
KEK PF-AR test beam (2023)

. Probe station in Japan operational [~done] ‘-

. HGCROC v2 packaging (3.2023) [ongoing]

. New PCB production (single/ 5 pad layer) (3.2023), and module production

. ELPH test beam (02.2023)

33
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Probe station for large sensors in Japan (1)

39
(M. Inaba)

An idea of a new prove station

USB
CCD camera for positioning -PC
P > USB
Slidable
GP-IB

Analog multiplexers + FPGA

The prove card with probe pins

RERRRRRRRRRRRRRRRRERR

The sensor

SMU outputs +/-1000V

The base plate for the sensor

An electrical insulator

Vacuum

oump. Movabhle

Manual stages
(XYZ + R)

The base plate

<A sectioned drawing >

for a bias voltage of the
sensor.

There are two ways to connect
with the substrate of sensor,
the surface and backside.

Bl X FiAAN

froe > L= FEwy
R WK F
National University Corporation

Tsukuba University of Technology

The outside of a new probe station

=
; ! @
A camera '

M

—

R

Holes for a camera

The sensor has alignment marks
at the corners.

Width: 350 mm,
Length: 250 mm,

' Height: 455 mm
(the box only: 180 mm).
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est

arch 3-4, 2022, RANS at RIKEN

2

RIN=H

National University Corporation

Tsukuba University of Technology ﬁi&k%

Unrversiry of Teukuba

N [l AEiA A
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- Monitor PD, baby chips were used
~ irradiated ~1014 neutron /cm2 in two days

= Future: IV, CV test, components irradiation test

Mota:r  INNRRK
£ No .1 New n-type p-type
j" y, . i A leakage current [uA] -V characteristics cf 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
i i W ’M"‘"M
o -
100 - —— 8

¥
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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Temp. dep. of |/V for p-type sensor

O, Erxrs A RR LS KF

= Nara Women’s University

2 X 2 baby chip

hl.lI’;_llIIIIIIIIIIIIIlIIIlIIIl

...oo‘
s ®
....9.

..0000090.. g133=:=:
38888888 '1“‘“13|'18 ‘1 = | .
0 100 200 300 400 500 60(

[V]

e |/\V curves for 2x2 and 1x1 babies have been measured at Nara

Women’s Univ. before the irradiation.

. _ o _ (M. Hata, T. Hachiya,
e |nitial measurements after irradiation was done (April, 2022) M. Shimomura)



‘\\:’
J -

{

~ Jan
L

ES RV =27 N

o

”
- 1
o
-
-
«
.
-
-
o

A

— e
e

T S—

v
L

r-a . &
| n_..u ..rma R
- e
g,

. _.S!

-

[[f00DOMODORODOODOS
IN00DUR00DCVOLL YOS U o

el e 1 i

jedagadd- & o) wn

= ve

Being operational (Aug. 2022)

Setup in Saga Univ.
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FoCal-E pad trigger and readout scheme discussion

NA'S ElsiaREAS:

Napgasaki Institute of Applied Science

Detail trigger scheme (yet an idea) -

micro TCA crate

W M R MR W W W W W R R W W R MR W R SRR R MR R M W R R R W W W W R MR W W R M W W e e e e e W

totalmax 1 x 10 — 70 Gbos

ylem|

m——fp- trigger sum stream

1280 bps x 180 links (wre, 3m)
sl dalz oulpul slrezm

~1280 Gbps x 180 links (wire, Zm)

HLIE R

Universiry of Tsuknba

nol far from micro TCA crale,
- 25 Cbps non SERDES link or in thc samc crate
mcdu es Local Tflgger Vo {mull wires, ?m)

{

I

I

I

I

: (1/6 of total Fallal Fpad)

: Concentrator -
|

I

I

from other 3 or £ of 5-pad

from FTP

other b Fpad - (FuCal Trigger Processor)

20 \ AND we run

reglons
EPad (HCal) : | E
5 tower mod o ; from HCal
: : o = i N .
90 HGCROCS w © f i " LM contrib. = R
.~ o | : - . r . ' . :'. ..- e . -
5 ® | g decision (bidir.) ARG e, ot I
o @ ’ , v b ICSLT i e = | F iy
‘ -1 E E | : .« "ee — | e -
e xS | —_——
B 8."“ ; - p/'l?: flggjl?t is :
e aVv o : optional in case |
2 wine Sec | iMvia CIFis
R ; ioo late
|
|
|
|

trigger infarmation to record

e F - ;‘0— - —E e PIXEL with : g 1=
~ \ R A triggered mode E L
ALICE trigger 5 i
Decisions & o8- Tn o
o and timing z ; ||| Single gamma Events
s (1 o B! pr flat: 0-20 Gev/c
x4 HGCROC into one sum i 3.0<n<6.0
_pre-trigger decisior _pre-trigger decision within ~1000 ns e T '“ | (Focal 3.4<n<5.8)
PIXEL wilhin 1200 ns

“ | Dot i | : ”’ Trigger Tower Kind Threshold (Me\
lriguer and dala \GBT bidireclional J 0.4 — (1) 4 layers tower (9 calls) 32

} — (2) & layers tower (9 cells) 50

pre-triggered datz

H —(:3:.' all layers tower (9 cells) 62
. sl tdes é 3 / e - I (4) all layers tower |18 calls) 68
advantage: full flexibility cn choice of global trigger / ROl elements (matter of wiring and firmware) 02 #  — (Z) all layers tower (72 cells) 76
- : — (6} all layers combine (9 cells) 64
'—l JEII 1 1 1 lll 1 1 1 1 1 11 1 J 1 1111 lll lllll ‘
(K' Oya‘ma) G0 100 200 300 4100 S00 800 700 800 800 1000

p GeVic]

 Towards the final design of integrated readout for all subsystems.  Trigger simulation (T. Kumaoka)
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Timeline

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

19 (2020
Q4 |Q1 Q2 Q3 Q4

2021 2022 2028 2029
Q1 Q2 Q3 Q4Q1 Q2 Q3 Q4Q1 Q2 A3 Q4 Q1 Q2 A3 Q4/Q1 Q2 Q3 Q4/Q1 Q2 Q3 04 Q1 Q2 Q3 Q4/Q1Q203 Q4/Q1Q2Q3Q4

LS2

I

Physics data taking in 2029-2032 (LHC Run-4)
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ALICE3 & FoCal+? (Run-5, 2035-)

Superconducting RICH
magnet system

ALICES3 Lol in arXiv
https://arxiv.org/abs/2211.02491

https://alice-collaboration.web.cern.ch/alice3

CGC, Glasma

\
\ Muon
\ absorber
Muon
chambers

QGP production, Chiral symmetry
restoration @ high T



https://arxiv.org/abs/2211.02491
https://alice-collaboration.web.cern.ch/alice3
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EIC eAvs. LHC HI

- At BNL, EIC will start to operate in 2032
- A high luminosity polarized e, p / ion collider at \s = 28-140 GeV
- Factor 100 to 1000 higher luminosity as HERA

- ECCE has been recommended as “Detector-1" by DPAP (Mar.
2022) — EPIC

Good synergies CGC, initial condition of Detector
with EIC Heavy lon Technology

"I CTEQ6.5 paﬁo'rl'
SF distribution functions
Q? = 10 GeV?
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 FoCal has unigue capabillities to access the origin of Quark-Gluon Plasma at LHC
 New technology: Silicon-tungsten + Pixel hybrid detector for ECal and HCal
* Final R&D and evaluations are ongoing towards Technical Design Report

e FoCal in Run-4: New ALICE apparatuses for new discoveries




