Jetreconstructionin the AL TOE
ALICHorwardCalorimeter
(FoCa)

Laura Huhta
University of Jyvaskyla
Particle Physics Days 14.11.2025
Hyytiala research station

¢

Centre of Excellence w»r @ /\
JYVASKYLAN YLIOPISTO . HELSINKI INSTITUTE OF PHYSICS

IN Quark Matter UNIVERSITY OF JYVASKYLA \/

T



o EMCAL | Electromagnetic Calorimeter

e FIT | Fast Interaction Trigger

o FoCal | Forward Calorimeter

The Forward CalorimeteFQCal e

o ITS| Inner Tracking System

A A high -granularity forward calorimeter to be installed in ALICE © VicH| Muon Tracking Chambers
during the LHC Long Shutdown 3 for Run 4 (2030 -2033) @ MFT| Muon Forward Tracker

A Positioned 7m from IP2 (A -side) © o] Mon dentier
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€D oF| Time of Fiight

@ TPC| Time Projection Chamber
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FoCal

@ TRD| Transition Radiation Detector

@ ZDC| Zero Degree Calorimeter

@ Absorber

@ Dipole Magnet

@ L3 Magnet

Letter of Intent = CERN-LHCC-2020 -009
Technical Design Report CERN-LHCC-2024 -004
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https://inspirehep.net/literature/1805025
https://cds.cern.ch/record/2890281?ln=en

FoCaphysics program

Physics goals of the FoCal:

A Search for evidence of gluon saturation by
studying non -linear QCD in nucleons and
nuclei atlow Bjorken x6 p Cy

A Constrain nuclear PDFs

A Provide a broad phase -space coverage
with a multi -messenger approach

- Comprehensive and complementary
exploration of saturation

Wide set of experimental observables:
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ALICE Forward Calorimeter upgrade (FOCAL)

EM and DIS measurements
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FoCalets s e e s

A Measurements of inclusive jets and their correlations  (dihadron , dijet ,
M+ 0 0,a my, 6td) pr—

A Primary scientific goal of FoCal is the study of gluon saturation
A saturation effects expected to be strongestat  very small x and in
heavy nuclei
A Also, modification in QGP: FoCal will provide measurements of jet
production at larger rapidity = than currently possible in ALICE
A mapping QGP density as function of rapidity

A Also, fraction of quark -initiated jets is larger than at midrapidity ¢ | | | | | |
measurements can also explore the difference between energy loss for 10° 10 10t 0% 10® 07 x1
guark and gluon jets

2 _
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ALICE: Letter of Intent: A Forward Calorimeka@alin the ALICE
experiment, CERN, 2020ttps://cds.cern.ch/record/2719928
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FO C aH IJ et p rEd ICtIO n S Prediction for Rppb for dijets as a function of opening

angle in FoCal acceptance; KaTiE MC (iTMD)

KATIE Error band

A Dijet measurements may have an enhanced sensitivity to 2.2 F|pTy, pTo> 10 GeV KATIE — 1
- - N * K KATIE full b-space
low -x saturation effects compared to inclusive jets 2 B8 <y Ty <51 KATIE with correction f[fjctor —
A Three momentum scales: saturation scale Q.. , individual Vs = 8.16 TeV
jet p:(I Q.. and dijet momentum imbalance k; 1.8} ]
Can vary k;between Q.L k; (linear QCD dynamics) and
Q..Dk; (non -linear) to probe different regions of (x,Q?) o 1.6} ]
14t ]
A CMS measurement ! of forward dijet momentum o
imbalance and , -dependence of yield inp ¢ Pb 1.2¢ ;
incorporated into recent nPDFfit (EPPS21)[2, found to 1
have significant constraining power o8t I ]
A FocCal forward (di)jet measurements at much lower jet Pr I {*" — : ] v
-> complement and extend these and forthcoming forward 0.6¢ , ; , , ! - F ]
Jet measurements 25 26 27 28 29 3 31

AD

Figure from Al-Mashad, M. Abdullah, et al. "Dijet azimuthal correlations in pp and p-Pb
collisions at forward LHC calorimeters ." Journal of High Energy Physics 2022.12
(2022): 1-16.

[1] CMS Collaboration "Studies of dijet transverse momentum balance and

pseudorapidity distributionsin  pPb collisions at sqrt s NN=5.02 TeV." The

European Physical Journal C 74 (2014): 1 -26. _ ALICE Forward Calorimeter upgrade (FOCAL) 4
[2] Eskola, Kari J., et al. "EPPS21: a global QCD analysis of nuclear PDFs." The

European Physical Journal C 82.5 (2022): 413.



FoCadlijet predictions

A Dijet measurements may have an enhanced sensitivity to PT>%8ge¥|
1.4 _p-|-> e
pr>30GeV

low -x saturation effects compared to inclusive jets

A Three momentum scales: saturation scale Q.. , individual
jet p:(I Q.. and dijet momentum imbalance k; 12 F
Can vary k;between Q.L k; (linear QCD dynamics) and
Q..Dk; (non -linear) to probe different regions of (x,Q?)

Rpr
-

A CMS measurement ! of forward dijet momentum

I I
pA - Jet+]et
ITMD+Sudakov using KaTie MC 7

VS = 8.16 TeV -
-5.1<y],y5<-3.8

imbalance and , -dependence of yield inp ¢ Pb 0.8
incorporated into recent nPDFfit (EPPS21)[2, found to

have significant constraining power 06 |-

A FocCal forward (di)jet measurements at much lower jet Pr

2.5
-> complement and extend these and forthcoming forward

jet measurements

[1] CMS Collaboration "Studies of dijet transverse momentum balance and

pseudorapidity distributionsin  pPb collisions at sqrt s NN=5.02 TeV." The

European Physical Journal C 74 (2014): 1 -26. _ ALICE Forward Calorimeter upgrade (FOCAL)
[2] Eskola, Kari J., et al. "EPPS21: a global QCD analysis of nuclear PDFs." The

European Physical Journal C 82.5 (2022): 413.
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FoCal physics performance note

Jet performance

o To study jet performance in FoCal, we quantify the relative energy or  py
difference of matched detector and patrticle level jets in simulation, simulated
using PYTHIA + GEANT
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https://cds.cern.ch/record/2869141

AE =

Jet performance

o To study jet performance in

FoCal, we quantify the relative energy or

FoCal physics performance note

P

difference of matched detector and patrticle level jets in simulation, simulated
using PYTHIA + GEANT
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ALICE Forward Calorimeter upgrade (FOCAL)

det part
Pt — Pt
Apt =
part
P
non-' 8 AAAgdy adogl ORAT

->for precise measurements, need to
correct by unfolding full response with
response matrices

->work to be done in the future



https://cds.cern.ch/record/2869141

Jet performance

A Jet energy spectrum JES and resolution JER are the mean and standard deviation of

JES

o

-0.1

-0.2

-0.3

Used to quantify performance of R=0.6 jets in FoCal
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Jets In forward rapidity

A A jet with radius R will be
squeezed into an increasingly
small geometrical space at
more forward rapidities

The red circle (corresponding
to the nuclear interaction
length of Cu) contains 81% of
the shower energy in ( X,y)
space

Black circle is the jet cone,
R=0.6

A larger jet energy fraction is
captured by the R=0.6
contour for smaller

o smaller shiftin JES is
expected at smaller
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Neutral energy fractiotfibiased jets

A Neutral Energy Fraction (NEF) effect

o an NEF-biased jet population with larger electromagnetic shower fraction shows an
improved response relative to the unbiased population.
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Transverse segmentation 1 mm

LG cells HG cells < >

The Forward Calorimeter

1 HG cell

A FoCalE:A compact silicon -tungsten sampling electromagnetic
calorimeter with  pad (1 x 1 cm?) and pixel (30 x30 pm?)
segmented readout layers

o High spatial resolution for discriminating between isolated
photons and decay photon pairs

1cm

Longitudinal segmentation

A FoCalH:Hadronic calorimeter constructed from copper and
scintillating fibers

o Photon isolation energy and jet measurements

o

—1002—— T8

/1303

absorber LG layer HG layer

7% Geantd simulation : Longitudinal Profile
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FoCal-H modules ALICE Forward Calorimeter upgrade (FOCAL)



ALICE

T.Isidori, Quark Matter 2025: XXXI International Conference on Ultra-relativistic Nucleus-Nucleus Collisions

Detector concept - FoCal-H

Slide borrowed frontoCal
talk at Quark Matter 2025

Collects the energy of hadronic shower deposits

Design A (tested in 2021 - 2024)

« Cu capillary-tubes enclosing BCF
scintillating fibers

« Tower: 65mm x 65mm x 1100mm

Design:

» Spaghetti hadronic calorimeter ( Cu + fibers )
+ dimensions 90 cm x 90 cm x 110 cm

» Modularity: easier assembly procedure

» Resolution defined by the fibers collection plates

» SiPM + HGCROCv3 based readout

Design B (to be tested in 2025)
« Cu grooved plates enclosing BCF
scintillating fibers

» Plates: 50mm x 100mm x 1100mm

SiPM boards

11

48 bundles
30 scintillating fibers

Collector plate



https://indico.cern.ch/event/1334113/contributions/6350999/

T.Isidori, Quark Matter 2025: XXXI International Conference on Ultra-relativistic Nucleus-Nucleus Collisions

FoCal prototypes Slide borrowed fronfoCal

talk at Quark Matter 2025

2021 Wk39 - SPS H6

2022 - PS T9, SPS H6, SPS H2

2023 - SPS H2, PS T9

2024 - PST10

Focal-E aggregator UDP
pCT Pixel, FoCal-H v1

oCal-E Pix

s

AE

els

' FoCal-H

FoCal-E pads HGCROV charcaterization
CRU + LTU setup, FoCal-H v1

AliO2 interface

FoCal-H v2

FoCal-E Pads

* 18 layers Si pad sensors
= wafers of 9 x 8 cm?

+ pad size 1 cm?

* readout with HGCROC v2

FoCal-E Pixels
2 ALPIDE pixel layers
Monolithic Active Pixel Sensors

Combined data taking v2

Trigger Board - pixel size of ~30 x 30 pm
FoCal-H v2 standalone « two tested prototypes (HIC,pCT)
Combined data taking v2 FoCal-H

.. * 9 Cu-scintillating fiber modules
* towers size ~ 6.5 x 6.5 cm2

* length ~110 cm

* readout with CAEN DT5202

~

FoCalE N-types sensor, Irradiated pads

Irradiated pixels
FoCal-H H2GCROC first tests

Test Beam paper submission

FoCal-H H2GCROC Performance of the electromagnetic and hadronic prototype segments of the ALICE Forward Calorimeter
Pixels back bias and busy violation

N-type pads stack TDR submission

Technical Design Report of the ALICE Forward Calorimeter (FoCal)

12
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FoCaltest beam results

Relative energy resolution of FoCal-E (left) and FoCal-H (right)
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A Resolution < 15% at high energies
13
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FoCal-E layer signal (pC)

FoCal test beam results

Longitudinal shower profile in FoCal -E
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ALICE Forward Calorimeter upgrade (FOCAL)
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Summary & Outlook

A FoCal will explore gluon saturation and evolution at low X using a multi -
messenger approach to provide new constraints on QCD: including
measurements of inclusive jets and their correlations  (dihadron , dijet,

M+ 0 06,a my, éta)
o Dijet measurements may have an enhanced sensitivity to low -X
saturation effects compared to inclusive jets

A The simulations, the prototype performance studies and detector R&D
confirm feasibility of measurements, with good performance in jet and
energy resolution

ALICE Forward Calorimeter upgrade (FOCAL) 15



Backup slides:
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Prompt photons

A Compton scattering

o Directly sensitive to gluons

q Y q
g q q
a) Compton

o Isolated photon with no strong interaction in final state

o With isolation, at forward rapidity

A Suppression seen in both CGC and pQCD+nPDF models
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QCD Compton channel dominates
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Updated to EPPS21 (Helenius, private
communication) 3
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" 070 Correlations

A Photon and hadron -triggered correlations in the forward region of

collisions probe small -x gluon dynamics with different sensitivity than

inclusive yields

0 candidates are reconstructed from cluster pairs in

pA

FoCal-E

A An untrivial and significant correlated background is subtracted using the

side-band method
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Correlations

A Photon and hadron -triggered correlations in the forward region of pA
collisions also probe small -x gluon dynamics, but with different sensitivity
than inclusive yields

o Correlated yield suppression probes gluon density, similar to
measurements of inclusive production
0 Measurement of angular decorrelation is in addition sensitive to the

coherence of the gluonic wavefunction.
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simulated pp collision
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