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The LHC (heavy-ion) programme

. pp, pPb, pp, pO, OO, pp, pPb, " 0
Collision systems pp, pPb, Pb-Pb Xe—Xe. Pb-Pb oPb, Pb—Pb Pb—Pb pp, pA?, AA pp, PA?, AA

Run 1 n Run 2 Run 3 Run 4
LHC schedule B L AN ;22 - 2025 /& 2020 - 20324 “

High luminosity

for ions HL-LHC
Higher luminosities for ions
ATLAS
ALICE phase [ upgrades
CMS
phase [ upgrades
LHCb
upgrade Ib
ALICE 2.1
upgrade
FoCal
ITS3

C intermediate upgrade )—




Forward Calorimeter

FoCal-E

o

FoCal-H



Explore the gluon structure of hadrons and nuclei

e At small x,dominant degrees of freedom of the hadrons are not valence quarks, but gluons!

- (Exponential) growth of gluon density with increasing energy
e Larges uncertainties on gluon distributions in nuclei at small x
- Scarce experimental data (DIS) available to constrain the gluon nPDF
o Fitthe nPDF in a global QCD analysis
o QCD evolution equations (DGLAP & BFKL)
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e Reveal gluon saturation effects at small x which is an unavoidable consequence of QCD!

e Direct photon production provides sensitivity to gluon densities in protons and nuclei
- FoCal measurement at high rapidity (3.4 < n < 5.8) and thereby low x (down to ~10) in nuclei



Performance of the FoCal detector

e Kinematic coverage of electromagnetic e Impact of FoCal on the gluon nPDF
probes of current and future experiments at —  Strong constraints over a large x
A inn ~10-5—10-2
the LHC and other facilities region: ~10°-10
- Substantially outperform the expected
o EM and DIS measurements performance of EIC for x < 103
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\F/OCa"H The FoCal-E detector

1mm . .
. FOC8|-E reres soamentatn - e The mal.n challenge of direct photon -
production measurement at high rapidity lies

in disentangling direct photons from m°
decays at high energy

|

LG cells

N
| B 2 O

NN
NN NN

T
IENEN}

1 HG cell

baseline design

- ~5mm separation of photon pairs from
@7m

T decays (p;= 10 GeV,n =4.5)
- Require a low Moliere radius and high
R — granularity - Si—-W calorimeter with
0 1 2 3 a 5 effective granularity = 1 mm?
\ e 20layers:W(3.5mm =1 X,) + silicon
sensors

- 18 pad layers = shower profile and
total energy

- 2 pixels (ALPIDE) > spatial resolution
essential for shower separation

Prototype : 1/5
of a module

MAPs layer

Single Pad Board

S56kg




The FoCal-E PAD prototype

W 94.0%

and potting)

82.6 mm

Si-pad sensor
(7242 cells)

(Gluing,
<+ wire bonding

Ni 4.0%
Cu 2.0%

84.0 mm
=+ (Gluing)
82.6 mm

92.6 mm

\ 103.0 mm 92.6 mm
I

The single pad layer (x18)

i ®IE HGCROC

back side (Au)

1 crhA
Main cell

calibration cells

~ p-sub, 320 um, :
1 cm? pad cell size

front side (w/ Al)

J

: - M3 holes
\ e Prototype assembly

- W plate machining
- Thermal foils interleaved within the Si-W
sandwich

Ensure proper insertion of the FEE boards in the
interface board by compensating the mechanical

defects

(¢]

Interface board




The FoCal-E PAD prototype

e Gluing and wire bonding of the silicon sensors
onto the PCB

— Provide clean biasing (to ground) on the back
side of the sensor

~
a

»
¢

C4m IPHC

Bleeding glue Blocked hole by the potting material
(not bonded) (use translucent potting later on)




Readout elec;ronics of
the FoCal-E SiI-PAD layers

e Design, production, tests & DAQ of
the whole electronic chain

Aggregator board
(readout, trigger)

High voltage is fed to the aggregator
and distributed to single pads

AT
¢

“e " LED driver
h‘a-

O. Bourrion et al 2023 JINST 18 P04031

]inst PubLISHED BY IOP PUBLISHING FOR Sissa MEDIALAB

REcEIVED: February 28, 2023
April 8, 2023

D: April 24, 2023

Prototype electronics for the silicon pad layers of the
future Forward Calorimeter (FoCal) of the ALICE
experiment at the LHC

0. Bourrion,* D. Tourres, R. Guernane, C. Arata, J.-L. Bouly and N. Ponchant

Univ. Grenoble Alpes, CNRS, Grenoble INP, LPSC-IN2P3,
38000 Grenoble, France
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Performance of the
FoCal-E PAD prototype

e Lab tests

200 250
Tox thres (ADU)

- Pedestal adjustement, calibration with
internal charge injection

- LED pulses, cosmics
- Timing (ToA/T)

e Beam tests at CERN
- PST9 (June 2022)

o Optimization of the shaper parameters
with MIP (15 GeV/c hadrons)

o

Position & HV scans

- SPS H6 (September 2022)

o

o

DAQ CRU-02

Energy scan with electron beams

(TOT sum)

2022 PS testbeam
FoCal-E pad layers
ASIC 1
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—— MIP width
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Beam pipe



Heavy flavor physics at LHC Run 4

e Enhance the capabilities of the ALICE experiment for heavy quarks studies

Improvement of the pointing resolution

Secondary vertex

; ; } 4 Primary vertex /"f iaht li
ITS2 ITS3 P A" flight line
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Prict

o Stronger rejectt
inner layérs
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8
I T Silican
— mean =005 %

Air cooling (power dissipation
lower than 20 mW/cm?)
Uniform marterial distribution!

The ITS3 detector

sens. layer = o-collect = ampli = analog treat = A-D conv = digital proc
sensor: [E— ¢t
L

CMOS Pixel Sensor

XJXo [%] for tracks in || < 1

Projet FJF_'PN_ R&D CMOS e Silicon arr:!;’::rr:‘tzutglonly 1/7t of the total material thickn:gusv!mmw
Characterisation of the CE65 sensor on the KEK PF-AR o Inhomogeneities due to the mechanical structure &
beamline cooling
e Get (even) closer to the interaction point?
ITS2 _.II.S.3 ......................... Ribs & stringers.........
. made of carbon foam
e ] Cylindrical |
Structural Shell r = ‘]60 cm
beampipe :
| BT r,=18em Wafer-scale chips
=24cm (~27 cm long)
beam pipe L1
r,=30cm
&’. ALIC
" iR
Inner Barrel ﬁ &m ............................................................. e
432 chips of 180 nm technology. . »* 6 65 nm chips!
ChIps o echnology. f Stitching technique allows to produce Sensors thinned dowto
node (transistor etching size) f ooy wafer-scale chips (30 cm diameter)

ALPIDE chip size limited by the + - efficiency? 20-40um (0.02-0.04% X,)
dimensions of the reticule itself (~3 cm x 2 cm) 13



Middle-end electronics for ITS3

e System functionalities
- Transmit data upstream at 10 Gbps
- Supply clock and trigger signals to the detector
- Provide power and bias to the detector
- Slow control and monitoring
e System requirements

- Sustain high radiation dose rates and magnetic field

o Radiation qualified COTS or CERN-developed
components

- Fit within the limited service volume (see next slide)

i Detector Detector Service Board

Chip

!

3

H Segment

H € 1.8V Detdctbri#0 A 12V Deteotor
H - MEAS SHEERIEY T

g

E . ——] ] 1.2V + 2.5V Link: e
| Chip ém:_ ; 5V Links BRI 12V Links and Control e WEVEESEY) —
i Segment 1.8V Detedtof #1 Db
i MEAS On-board control 1.2v+2.5
§ Control MEAS Evc-:[g(s:v
]__ Chip interface (clock / slowjcontrol / trigger / timing) IpGBT 25V =12V,

- control e — i
&l -

H Segment = Converter

H DC-DC backup control

i 1.8V Detector #n [N EPVESSI IpGBT

i trigger VTRx+ »

10.24 Gbit/s uplinks

48V Detector

48V Links and Control

High-speed control
(fiber based)
Low-speed control
(backup control)
TTC via GBT

from CRU
<> <>
30 cm (A side) / 80 cm (C side) ~100m

FPC connection




30°ITS all layers

ITS3 mechanics

IF at +8 cm

e Integration & dedicated cooling system for DSB =
- Very limited available service volume! . 2=421.5 mm
- ~45W dissipated per half-barrel (for 3 layers) TEiEs \ =
e Design & production mechanical parts for the detector air o lwl I JI
cooling system ., g |

- First prototypes of the air cooling manifold produced by UV LCD
and high-temperature FDM 3D printing with resins {

- Explore other materials for the final solution

Shifted MNominal
Interaction Point  Interaction Point

o Flexible bi-material monolithic components (need specific
printer head)

=
R
~
S
2
=
3
N

BP L0 L
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ALICE3

Superconducting RICH TOF
magnet system

Muon
absorber
Muon

chambers



ALICE3: a next generation Hl experiment for LHCRun5 & 6

“Ambition to design a new experiment to continue with a rich heavy-ion programme at the HL-

LHC” mentioned in the Update of the European strateqy for particle physics

e Goal: studies of pp, pA, and AA collisions at luminosities x20—50 higher than in ALICE in
Run 3-4

e Fast and ultra-thin detector with precise tracking and timing

- “Nearly massless” tracker based on silicon CMOS pixels (MAPS) covering ~70 m?
- PID via Si-based time-of-flight with ~20 ps time resolution
- Large acceptance barrel + end caps An =8
e Ultimate performance for HF, thermal radiation, and soft hadrons (p; < 50 MeV/c)
- Doubly and triply heavy flavour, hadron production, multi-quark states
- Chiral symmetry restoration (e.m. probes)
- Beyond HI (phase space complementary to other experiments)
o Violation of fundamental properties of quantum field theories (emission of soft photons)

o New physics in soft sector, e.g. dark photons

17


https://cds.cern.ch/record/2720131?ln=en
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Summary

ATLAS/CMS Run2  ATLAS/CMS Run 3
100 G e— )0

80
ALICE Run 2 [} ATLAS Run 4

®
" CMS Run 4
40 STAR-HFT
stan sPHENI

) (®) ALICE Run 3

0, pr=1GeV (um)

e LS2 Upgrades (2019-2021)
e LS3(2026-2029): new upgrades for LHC Run 4

- FoCal: y, 0, jets in the forward region to
constrain the gluon nPDF at low x

o0
(=]

L)
o

— ITS3: truly cylindrical silicon layers made of

ultra-thin wafer-size MAPS 1 10 100 1000
Acceptance (An)X interaction rate (kHz)

DCA resolution at n

o

o Low-mass dielectrons (— QGP temperature)

o Improve HF-particle performance + search for exotic charm nuclei

e Beyond 2030: continue the heavy-ion programme during the HL-LHC era

- Possibility of a “nearly-massless” silicon detector
o Multi-HF particles

o Low-mass dielectrons and soft photons

Unprecedented insight into QGP world expected ahead of us! 18
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