ifs

ALICE

Recent results on ultra-peripheral

collisions measured with ALICE
Adam Matyja

Institute of Nuclear Physics
Polish Academy of Sciences, Krakéw

Biatasowka seminar
Krakow

14 June 2024, Krakow



Outline

Introduction
Experimental apparatus in Run 2 and Run 3

ALICE
Mesurements
— Photoproduction of K*K pairs from Run 2

— Azimuthal anisotropy from quantum interference in p°
photoproduction from Run 2

— Four pion analysis photoproduction in Pb-Pb from Run 2

— Vector mesons (p® and J/y) in UPC in Run 3
FOCAL detector upgrade at IFJ PAN, Krakow
Summary



Ultra-peripheral collisions (UPC)

Impact parameter b >R, + R,
= Hadronic interactions suppressed

Photon induced reactions:

= A flux of quasi-real photons well described in

Weizsacker-Williams approximation

* Photon flux ~ 22(Z,, = 82)

= Large y-induced interaction cross section

Clear signature:
= Low detector activity
= Rapidity gap(s)
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Photoproduction and main variables

QED is here = Photon Q2~ MVMZ /4
== >— — Hard scale - high mass of J/A
P 7222 PO — Semi-hard scale for p°
VM (J/y, w(25)) (v, p) = Vector Meson (VM) guantum numbers:
W,epb o p — JPe=1-
= Bjorken-x: fraction of longitudinal
Pb, p Pb, p momentum of proton
= X = My ety
~ A B SNN
pQCD is here » Photoproduction is sensitive to gluon
density evolution at low xg at LO
= Coherent: » There are new NLO calculations

" Photon couples coherentlyto a  photon-target center-of-mass energy
all nucleons (whole nucleus) 2 Ty
Wy*Pb,p — Zpr,pMVMe

= <p,"M>~1/R,, ~ 50 MeV/c
= 4A-momentum transfer t

" [Incoherent: um transte
= Photon couples to a single — Gluon distribution in the transverse plane

nucleon [t ~pe?
= <p;'M>~1/R,~ 400 MeV/c
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Motivation

» Coherent vector meson (p°, J/y) photoproduction particularly
sensitive to the gluon shadowing

* |t|-dependence helps to constrain transverse gluonic structure
at low x; and is sensitive to the gluon saturation

" The interference is sensitive to the gluon distribution and to the
size of nuclei — gluon tomography

" Possibility of studies features of not well known resonances
= Constrain parameters of models

Accardi et, al.: Eur, Phys.).A 52 (2016) 9, 268 ‘ Accardi et al.: Eur.Phys.)J.A 52 (2016) 9, 268 G | uon s p I |tt| ng
'l HERA saturation Qg(Y)
L G . -
10 [~ 'P'ROTO N &% cove region "
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= X |eo BK/JIMWLK
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ALICE: JINST 3 S08002 (2008) ; A I_I C E | N R u N 2 = Central Barrel tracking

Int. J. Mod. Phys. A29 (2014) 1430044 (e?, ht)
a. ITS SPD Pixel — |1 <0.9,0< @< 2n
b. ITS SDD Drift — ITS - silicon detector
c. ITS SSD Strip LD LAY — TPC - gas drift detector
d. VOand TO L.
e. FMD — TOF - resistive plate

chambers

‘= Forward tracking (u*)
— -4<n<-25

— Absorber

— Muon tracker

1. ITS Muon trigger
> E T e Dipole magnet
4 7 P O ems Y
& ocal oo RSO S =] / i Ap | zDC
10. L2 Magnet B B i e P . g |
11 Absonber h ~ SpPl'™ "= Diffractive detectors
g vsise vl = — AD - scintillator counter
1 Cinde Mawnet — < — VO - scintillator counter
waoe | TS — ZDC- sampling
19. ACORDE calorimeter

= Vertex

— Pixel
= Trigger
| . — SPD,TOF, AD, VO, Muon
2024-06-14 i L > 6
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ALICE in Run 3

= Large upgrade during LS2 ALICE: JINST 19 P05062 (2024)
— Inner Tracking System — full pixel e
layers
— Time Projection Chamber — GEM
readout

— New Muon Forward Tracker e'ectrons

— New Fast Interaction Trigger (FVO +
FTO + FDD)

— New Event Processing Nodes Farm

— Upgraded readout for most of
detectors

—> continous readout at high rate

= pp data taking at 500 kHz

— Temporary data storage on disk
buffer

— Asynchronous (offline) trigger with
~10 selection

= Pb-Pb data taking at 50 kHz

— All Compressed Time Frames data
stored on tape
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Exclusive K*K photoproduction

= Different physics processes o) plp)
— Non distinguishable “—‘-‘-—-é——j-‘—‘-*
— Interfere $(1020) photoproduction lm -
" BR(¢(1020) > K*K') =49.2 % o KT
= Cross section described by ;‘S? ~ K (p)
Soding formula e ——
yLiyL'y o)
2 _Ppa )
do \/MKKM¢ F¢ e
= 2 2 + Bkk
dMgg Mgg™ — My~ + My,
3/ Continuum of nonresonant
MK MKKZ - 4MK2 2 (DreII—St')ding)
[, =T
PO My \ M2 — 4My 2 —

Native ¢ width: I, = 4.249 £ 0.013 MeV/c? . _ _
Diagrams from P. Lebiedowicz et al., PRD 98, 014001 (2018)

» Tool to access coulplings of vector meson (¢(1020)) and meson
pairs (K*K) with a photon and a nucleus at extremely high
energies

2024-06-14 Adam Matyja - ALICE UPC overview - Biatasdwka 8



Exclusive K*K photoproduction

SO o 2 ALICE: PRL 132, 222303 (2024)
L o [_ 0.406 ub™! < | STARIght
> = —— — with interference
(GDJ 8 without interference
= 10°§R =
S %\ E iop
e EOF —
o X Q. L
q A S, f
O_ 10° %, 2 2\ — - 2
}ﬁﬁ - X S 0 00005 0007 00075 0002 - f(pT ) =Aexp(-B Pt )
S - A N P2 . (GeVicf = Slope parameter
o - 3 B =428 + 65t + 155 (GeV/c)?
10 = % taken from ALICE measurement

- -o-dat

- e & ALIGE, Pb-Pb UPC, VS = 5.02 TeV

- g Parameterized A N Y, | <08, 1.1< My <14 GeV/c?

== coherent p° %
1 :_I 11 1 | 11 1 1 | 11 1 1 | “‘1 | | 11 | | |
0 0.005 0.01 0.01 5 0.02 0.025 0.03 0.035 0.04
P2 (GeV/c)?

= First measurement of K*K” photoproduction in heavy-ion UPCs
» Exclusive K*K" photoproduction as a function of p;? =|t|
= Well described by exponential function with ALICE parameters

» The cross section at low p;2 is in favor of photoproduction with
destructive interference (observed by STAR, PRL 102, 112301 (2009))
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Inv. mass of coherent K*K photoproduction

= Photon-nucleus center of mass energy W.,;,, varies from 33 to 188 GeV
— Order of magnitude higher than previous measurements

= Contribution from yy— X — K*K negligible

= SOding formula with |B/A| = 0 hypothesis is 2c away from the

measurement

= non-negligible non-resonant contribution

o i ALICE, Po—Pb UPC, s, = 5.02 TeV
>
8 10° = IyKK| < 0.8, Pr i < 0.1 GeV/c
Fe) -
£ B Data
< B Best fit
§ 2 o
o 10°E — — 7' system
x B
= B2 [Bd/Al=0 _
© — = yy =1, (1270) - K'K (x 100)
C\-jo —
10
1 1 , \| [ !
1 1.1 1.2 1.3 1.4 ,
ALICE: PRL 132, 222303 (2024) Myx (GeV/c?)
2024-06-14

The measured M
distribution in agreeement
with ¢ resonance +
continuum production

Integrated cross section

do/dy, = 3.37 £ 0.615% + 0.15%* mb
Best fit:

| By/Ayl =0.28 (GeV/c?)1/2

¢ =0.06 rad

Tt system:

|B/A| = 0.54 £ 0.015tt + 0.025Yst
(GeV/c?) /2

@=1.46+0.115%t + 0.07% rad
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Azimuthal anisotropy - polarization

= EM field of the nuclei is highly Lorenz
contracted

—> Exchanged photons are fully linearly
polarized along the impact parameter

* The polarization is transferred to the p°

= pY%is short lived and decays

— Polarization is transferred to the orbital
angular momentum of pions

—> The angular distribution of pions
determined by the conservation of the total
angular momentum

5(nh) = Azimuthal cos(2¢) modulation of decay

b products in the momentum distribution
™~ . . . .
// w.r.t. the polarization direction

/ cos(2¢) —> But, the impact parameter is random
modulation event-by-event, so the anisotropy
p(m™) vanishes

2024-06-14 Adam Matyja - ALICE UPC overview - Biatasdwka 11



Quantum interference

Two indistinguishable sources (y*)
and targets of produced related
by parity transformation

— Interference between amplitudes —

add the amplitudes, not the cross
sections

Negative parity of VM — opposite
sign of amplitude
— o~ |1-¢ePb|2
— Destructive interference at very low
p:<1/b
— Reduction of production cross section
at small p;
Interference effect (correlation
between p® momentum and

polarization along b) preserves the
anisotropy

Double-slit experiment at fm scale!

2024-06-14 Adam Matyja - ALICE UPC overview - Biatasdwka 12



Acc x ¢ - corrected counts/(35 MeV/c?)

pY signal in neutron emission classes

06 065 07 075 08 085 09 0.95
My (GeV/c?)

ALICE: arXiv:2405.14525, submitted to PLB

7 ¢ ranges

Acc x e - corrected counts/(35 MeV/c?)

_00.6 0.65 0.7 075 08 085 0.9 0.95

x10°

B ¢ QI&IjCE (]:ciata

L Bding fit

L OnOn ... BW (S) 0.4
Continuum (S) B

x10°

ALICE Pb—Pb UPC Y5, = 5.02 TeV
Pb+Pb — Pb+Pb + p°

- XnXn

m,.. (GeV/c?)

AT T
~ 50% of the
S times
Ao
|/ I 1l |
50% of the
times

T -

ﬁi - ﬁT,1 + ﬁT,z
¢ - angle between
P, and p_
Random assignment
of tracks

3 neutron emission classes: On0On, OnXn (XnOn) and XnXn

Soding formula to describe resonant and non-resonant continuum
pair production with the interference term (x-check Ross-Stodolsky)

2024-06-14

Adam Matyja - ALICE UPC overview - Biatasdwka
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Asymmetry extraction

ALICE: arXiv:2405.14525,

E C

21.4F  Experimental OnOn 1.4F  Experimental XnOn 1.4FL | Experimental XnXn :

O : : submitted to PLB
9 ALICE data i -

N 13 l Fit curve 1-3FALICE Pb-Pb UPC Vs =5.02 Tev 1.3¢

© C 0 N

g 1ob - -+ Physical 0n0n 1.2__ Pb+Pb —Pb+Pb+p 12;\‘

3 [ e Physical XnOn + OnXn [ i

=+ = Physical XnXn 11 1 1

—
—
L

"y
r

_1: 1:_""1--.;

0.9+ 0.9: 0.9+

; ; Largest effect
0.8; 0.8¢ 0.8F in XnXn and
o7t 07k ot XnOn classes
0.6f— I I I 0.62— I I I 0.62— I I I

0“”:rt/4llll7t/2lll'ol‘/41:tllln Ollllit/4lll'1c/2lll3lf4rlclllrt Olll;t/4ll'|:rt/2lllél4rltll'rt

o ¢ o
Corrected for migrations across neutron classes (pile-up and ZN
efficiency) — simultaneous fit in each ¢ range

Normalised p° yield Migration matrix
fp onon (@) 1 WonOn —0nOn  WXnOn — OnOn W XnXn — OnOn a2 OnOn
Rp XnDn(‘p) = 1]+ I WonOn — XnOn W XnOn — XnOn W XnXn — XnOn a2 XnOn CDS(EQ))
fp Xan(‘p) 1 Wonon — XnXn WXnOn — XnXn W XnXn — XnXn a2 XnXn
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~ 0.35
]

0.3

0.25

0.2

0.15

0.1

0.05

0

Angular anisotropy

ALICE Pb-Pb UPC |5, = 5.02 TeV
Pb + Pb — Pb + Pb + p°
p.<0.1GeVic, [y <0.8

- ALICE

B¥= STAR Au-Au UPC s, = 200 GeV, p. < 0.06 GeVic
= STAR U-U UPC s, = 193 GeV, p, <0.06 GeV/c

H. Xing et al.
W. Zhao et al.
&
b~ 49 fm b~23fm b~19 fm
OnOn Xn0n + OnXn XnXn

ALICE: arXiv:2405.14525,
submitted to PLB

Coherently
photoproduced
p? —
STAR: Sci. Adv. 9 eabq3903 (2023)
Xing: JHEP 10, 064 (2020)
Zhao: PRC 109, 024908 (2023)

- different treatment of Wilson lines
(color charge density)

First measurement of the angular anisotropy in neutron breakup classes
= Impact parameter dependence

The magnitude increases with decreasing impact parameter
The strength of correlations in agreement with model calculations

— The anisotropy comes from linearly polarized photons + quantum

interference effect

— Not possible to constrain models — Run 3 data will help

2024-06-14
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Counts / (20 MeV/c)

Exclusive four pion photoproduction
p%(770) photoproductlon extensively
studled in H1, ZEUS, STAR, CMS and ALICE

Excited p states expected
— The mass and the width poorly measured

Pb Pb > PbPb
Coherent component clearly seen

ALICE, Pb + Pb— Pb + Pb + t'nt'r

¥?ndf = 51/ 47

600
- Vsuy = 5.02 TeV, |yrc+7c'rc+rc" <0.5
500 :'- —): f Data (zero net charge)
N : — +  Combinatorial BG (Pol4)
400 | = === Coherent STARlight MC
- : ------- Incoherent STARIight MC
300H | Sum(Coh + Incoh + Comb BG)
.ﬁ |
[ ]
5 I
200 : I ALICE: arXiv:2404.07542,
- - submitted to PLB
C
100[— -1
— /:
_ . ‘--". * -
QT 1 [y = |-|-|-|-|-|-|-|..|..ra.a.ﬂ'l.L'l'_'ru
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
p. (GeV/c)
2024-06-14 Adam Matyja - ALICE UPC overview - Biatasdwka

_9 — p" (7T & low-energy
= i 4 o EEUS

s = H1

> —

T 102.— M

o

=]

I'I. E
\\j

13 b E
T 0 | Lo il

IIII 1
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Klusek-Gawenda and Tapia Takaki,

Acta Phys. Polon. B51, 6, 1393 (2020)

80 —o.1
E ] Y

N 70 S

© —o.08 2

> 60F 2

= F b}

g 50 —0.06 ¢

3 YF s

g 30 —0.04 §

[=]

U E Q
20 02 <
101
0 -

0.

A =T
1.5 2
mrnntn Invariant Mass [GeWc ]

STAR: PRC 81 044901 (2010)
M =1540 + 40 MeV, [ =570 £ 60 MeV
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ALICE: arXiv:2404.07542,

submitted to PLB EXCited p rESOnances

—_

g, 140 g, 140
;‘:’_ C ALICE, Pb + Pb— Pb + Pb +n'nm*n’ yéndf=48/25 C;‘:"_ r ALICE, Pb + Pb— Pb + Pb +t'nn'n yéndf =18/ 21
8 1200 Ysuw=502TeV. |y . . <05 Prob = 0.4 % 8 120 Vs = 5.02TeV, Y ! <00 Prob = 65 %
5 1 Data —— Single B-W fit 5 F I Data — Total
= - [] Uncorr. Syst. [= - [ ] Uncorr. Syst. — ALIGE p(1450)
=100— == Total Unc. = 100 == Total Unc. - == ALICE p(1700)
.g C .g 80 :_ F — = |nterference
= 80 = C
B B % g0l
% 60[- % 60¢
X C X r
o - o —
o 40| o5 40 =
- 20HF*
20 + i
i 0f
O l 1. L 1 I L. L. L { L. L 1 l 1 L. 1 I L. L. —

75 T4 T8 T8 5 5554 12 14 16 18 2 22 a4
Myrrn (GeV/C?) My (GeV/c?)

= Fully corrected invariant mass distribution fitted with a relativistic
Breit-Wigner with a SO0ding term with one or two resonances
— Single resonance fit in agreement with p(1450)
= Disfavoured (y?/ndf = 48/25)

— Two resonances fit give better description (y?/ndf = 18/21)
m (MeV/c?) I (MeV/c?)

= Rough agreement with PDG

PDG p(1450) 1465 + 25 400 £ 60

p(1450) and p(1700) with PDG p(1700) 1720 + 20 250 £ 100

mixing angle STAR Au-Au 1540 & 40 570 & 60

ALICE Pb—Pb single resonance 1463 £2£15 448 +6+14

do . 2 ALICE Pb—Pb p(1450) 1385 £ 14 £ 36 431 = 36 & 82

— = |A -BW, + e"'YB - BW2| ALICE Pb—Pb p(1700) 1663 + 13 £22 357 & 31 +49
dmnnnn Mixing angle 1.52 £ 0.16 = 0.19 (rad)
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Cross section x Branching ratio

= Total cross section based on single and double resonance
scenario

ALICE, Pb + Pb— Pb + Pb +m'wm'm, {5y =5.02 TeV, ly_, . |<05 u Slngle resonance:

T

= ALICE p(1700) — p(1450): 47.8 + 2.3tat + 7. 75%st mb
’ "GTTP709 e Double resonance:
— p(1450): 24.8 + 2.5tat + 8 1%t mb
—=—1 ALICE p(1450)
- KT (1450 — p(1700): 10.1 + 2.35%t + 5 355t mb
E ALICE

o KGTT single

IIII|IIII|IIII|IIII|IIII|IIIIllllllrlelslolr]lafl?ell(lﬂj)lll KGTT:ACtaPhys.Po'on.351'6’1393(2020)

0 10 20 30 40 50 60 70 80 90 100
BR x do/dy (mb)
ALICE: arXiv:2404.07542, submitted to PLB

= The sum of cross sections is smaller than the total one due to large
interference component

= Cross sections in double resonance scenario give better agreement
with theoretical calculations (KGTT) than single resonance scenario



Rapidity dependence: Ambiguity problem

M?
= N — photon fl 40
AAdiA = = N(wy1)oya(@y1) + N(wy2)oya(wye) , - th())tc())r; elrj:argy e Wy1,y2 24/SNN

—~ 14

do

= Two sources = two values of x; ALICE Pb+Pb — Pb+Pb+J/y |5y, = 5.02 TeV

P> High energy photon Pb

1 ALICE coherent Jiy
= === |mpulse approximation
CrY STARLIGHT
—— EPS09 LO (GKZ)
-——— LTA (GKZ) ammmmTmme~l -
——— IIM BG (GM) ke -
— = |Psat (LM) .’
— « BGK-I (LS) .’
--=-- GG-HS (CCK) e
— = b-BK (BCCM) -~

12

do/dy (mb

M
M oty 10
2

Detector
8

N~
2 L L Y O

Pb Pb
o Low energy photon Pb

Myy _ s

Wyz = e ” F

2 ? 0
v Detector -4
Eur. Phys. J. C 81 (2021) 712 y

Pb Pb 1: 5 % XB ~ 1.1 X 10-5
Contreras, PRC 96, 015203 (2017) 2: 95 % x5 ~ 3.3 x 102 50 % each x; ~ 107
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How to solve the x; ambiguity?

A0 44 pa' 11 N — photon flux

= = N(wyl)ayA(wm) + N(‘”VZ)UVA(‘UVZ) @, - photon energy

Breakup class <> impact parameter  S.Klein, P. Steinberg,

Annu. Rev. Nucl. Part. Sci. 70(1), 323 (2020
dependence - Rew: Rudl. Part. a1 70(), 325 (2029)
Different breakup classes using the [ %R ]
. 1
neutron ZDC on the A and C side | /
Photon flux depends on the impact v
parameter &Sosk L/ STARLiGHT .
. . . : LHC beam energy -
Solving the linear equations AVARN — ot -
resolves the two-fold ambiguity for VAN e
VMsaty¢O 0 |||I--": 1 H:%-'r-q gl ey TR T T B |
10 iz lig
dopppp — doppppONON + Zdo.PbeONXN + doppppXNXN b (fm)
dy dy dy dy Guzey at al., Eur. Phys. J. C 74 (2014) 7, 2942
dopppp”" " ONON ONON
dy =N (wy1, +y)pyen(@yr, +¥) +IN (wy2, =¥)oyes(wy2, =)
dapppp’" " ONXN ONXN
dy =N (“)yl' +3’] Oypb (“)yl’ +3’) +HN (“)VZ' _Y)UVPb (‘UVZ' _3’)

measured theory extracted
2024-06-14 Adam Matyja - ALICE UPC overview - Biatasdwka 20



Nuclear suppression factor of coh. J/y

- ALICE

Bjorken-x

JHEP 10 (2023) 119 1072 1 073 1074 1 075
5 2 [(rri I I | T T 171 I l | ITT T T1 l ‘ T T T T 1 l | T
%) ~ ¢ ALICE, Pb-Pb |5, = 5.02 TeV .
1.8~ & cwMs, Po-pb VS = 502 TeV (arXiv:2303.16984) g
16 — & Guzey etal., using ALICE Pb—Pb |5, = 2.76 TeV (PLB 726 (2013) 290-295) B
""C A Contreras, using ALICE Pb—Pb |s, = 2.76 TeV (PRC 96 (2017) 015203) 7
1 _4:— - — Impulse approximation - --LTA —:
~  -.- STARIight ---- GG-HS :
1.2 —EPsogLO - - b-BK-A B
10> =
0.8— —]
0.6— ~
0.4 2
0.2— —
0 - | | \ | Lo | Lo .

20 30 40 50 10° 2x10° 10°
W{F,b . (GeV)

Sep = Rg"(x,Q%) = ga(x,Q%)/Ag,(x,Q°)

= At low-x; data favours both saturation and shadowing models
= No model describes the whole energy/Bjorken-x range!
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Coherent and incoherent J/y - |t]

" Gluon density is impact € [ ALICE Po-Pb UPC |5, =5.02TeV
pa rameter b depandent at (GDJ ?"“T P TP — == J/y photoproduction, |y| < 0.8
given Bjorken-x and Q? 2 | - |+ Con PLB817 (2021 136280
i = S —— b-BK
. b and pT are Fourier o 1F _Q: t Inc.: PRL 132 (2024) 162302
conjugates 2 E N --- MShs
2 g | = ooMsy
" p.°= |t|-dependence of - i Mss
Cross section constrains 1071 L - GSzZ-eldiss
transverse gluonic structure : W oS
at low x; f Lo
" |n Good-Walker approach 107
— Coherent photoproduction is

sensitive to the average
spatial gluon distribution

— Incoherent photoproduction Jeine  R,? .
is sensitive to the variance of o = ~((|A(x,Q%.0)12) - [{A(x,Q% D))
the spatial gluon distribution ‘ .
(quantum fluctuations) (Slope of) data favor models with gluonic

subnucleon fluctuations (hot spots in MS-hs,
* Larger |t| range — scatter of fluctuations MSS-fl and dissociation in GSZ

smaller object el+dis)
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Integrated luminosity (nb™

Run 3 data taking

n 1 @ o
"6 ALICE Performance, 2023 12 2 5
\ 4l Pb-Pb, {5, =5.36 TeV ] c=§ E
- Recorded: 1535.5 ub™ —10 2 E
1.2] 1 3 e
- 1. £ g
11— 8 2 g
0.8 e
0.6— i
- —a
0.4 i
- 2
0.2 :
0: \ \ \ \ 1o
05 Oct 12 Oct 19 Oct 26 Oct
= Successful 2023 heavy-ion campaign
— Collected luminosity ~1.6 nb! of Pb-Pb data
|

35

30

25

- ALICE Performance, Run 3, pp, /s = 13.6 TeV
— Recorded: 29.0 pb”

- | | | |
02Jul22 010ct22 31Dec22 02Apr23 02Jul23

Successful ALICE operational in pp at high efficiency of 95 %

— 2022:19.3 pbt
— 2023:9.7 pb!
— 2024:10.2 pbt




Counts/10 (MeV/c?)

Counts / (20 MeV/c?)

_Run 3 perfo

X1 |03 I T T T I
2.2F h ALICE Performance
- 1y Pb-Pb, {5,,,= 536 TeV ]
2F } mn UPC, "l < 0.9 3
1.8 E— + P < 0.2 GeVic _E
1.6F ,f } ~ Unlike-sign E
1.4F — Like-sign E
1 2:_ + + E
2F ' , :
3 + * _:
0.8F ' + Pl >
E + E
0.6F " f E
0.4 :_ ‘& . _:
A4F ) " :
0.2F N ‘*""-... 3
0 : POV, S O T Lo ‘T‘“’m_&] .y N T
0.6 0.8 1 1.2 1.4
M... (GeV/c?)
1000— ALICE Performance, Pb-Pb, s, = 5.36 TeV
- pi < 0.25 GeVic
800? ~4<n <-25
600}
Jyv — up

400

200

rmance (Pb-Pb)

Counts per 20 (MeV/c?

Counts / (20 MeV/c)

E ALICE performance in Run 3, Pb-Pb, \'s,,, = 5.36 TeV
3500 Vo
F t
3000
. K
2500F- Py <0.20 GeV/c
- vl <08
2000 ti
1500k '
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The ALICE Forward Calorimeter

Upgrade to ALICE detector
LOI: CERN-LHCC-2020-009

During LS3 (2026-2029)
FoCal should be installed

3.2<1<5.8—>x;~10°
700 cm away from IP
FoCal-E

1 ’a

Q0 e [
FoCal-H ** v (o) VR

JELL LN P Y

TDR aproved by LHCC

FoCal-H =+ — J
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FO Ca I = E d e S | g n CERN-LHCC-2024-004

Transverse segmentation 1 mm

Si + W sampling calorimeter G el el <>
Moliere radius R,V =0.9 cm

Radiation length X; = 3.5 mm
Total depth ~ 20 X,

Two technologies:
= 18silicon pad layers of
1 x 1 cm? (LG cells)
= 2 pixel layers of
30 x 30 um? (HG cells)
Channels in layers individual
readout
Weight 1650 kg

Resolution 3%

[ 1
1 HG cell

Longitudinal segmentation
5 10

LG layer

absorber HG layer

- . i # L = Geantd BII'I“.IIHEIIIH'II Transvarse Frofiis|
| =0 Geantd simulation - Longitudinal Profile
| . . : . - m = = o m m 2 O o H:ym, "=
i L . "
- . cooDO0:iEEEO00D0E O o - = 0,808 o
= L =1 r
S o 00 2 [E[]oeEE0EEHE]E]Em®EE = S T R . P
- L m o EE OO0 O00EDE = 1
™ eslE) M ) - Bo= O ° ) _2__ =& a.-
|  E =450 GeV — - . . i o- W @ a
y =4.5, P= 10 GeWVic — | PAD
cr — X o B o
C | | = I | I I 1 I | P IR SN R R
D 5 10 -4 —2 0 2 4
z [em] x [em]
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FoCal-E segmantation

= 22 modules (11 each side)
"= Each module consists of 5 segments and cold plate on top

= Segment is made of 5 (4 or 2) module-layers
— 4 pads +1 pixel

— 4 pads
— 2 pads
2 readout
N pixels pads
Tj;
cold plate

Module-layers: 5 + 5 + 4 + 4 + 2
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FoCal-H design

= Hadronic scintillating-fibre
calorimeter

— Scintillation fibres embedded in
Cu tubes

= 2.5 mm outer diameter
= 110 cm length
= Total weigth 7000 kg

— 224 modules

— Designed to provide photon
isolation and jet measurement

— Capture full energy of hadronic
showers inintiated in FoCal-E

— Resolution 15%

FoCal-H module

25 (24) tubes in 28 layers

T
—
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Prototype tests at SPS

FoCal-H

FocCal-E Pixels

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
= pixel size of ~30 x 30 ym?

= two tested prototypes (HIC,pCT)

FoCal-H

9 Cu-scintillating fiber modules
» towers size ~ 6.5 x6.5 cm?
length ~110 cm

readout with CAEN DT5202

Test beam results: JINST_053P_0324
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Involvement of IFJ PAN in FoCal

IFJ PAN responsibility: FoCal-E cooling and FoCal assembly

Budget: ~ 6/M PLN (Ministerstwo Edukacji i Nauki (MEiN),
DIR-WSIB.92.11.2023, 2023-2028)

Scientists (3): Jacek Otwinowski, Adam Matyja, Sandor Lokos

Engeneers (5): Jacek Swierblewski, Ewelina Ziétkowska, Wojciech Marek,
Tomasz Cieslik, Waldemar Maciocha

Technicians (5): Piotr Putek, Marek Rachwalik, Krzysztof Grzybek, Roman
Wiertek, Piotr Topolski

26.2
25.5
24.8
241
23.4
22,7
22.0
2.13
20.6
19.9
19.2

Simulation of cooling of
4 FoCal-E modules

Silicon sensor number 11

w

rs

°C
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Summary

First measurement of K*K~ photoproduction in heavy-ion
UPCs

First measurement of the angular anisotropy in neutron
breakup classes

Measurement of cross section x branching ratio for
excited p resonances

First p® and J/\y photoproduced results in UPC from Run 3
FoCal cooling project is being implemented at IF) PAN
Stay tuned for new results from Run 3 and beyond!
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counts/(0.2 TeV)

Neutron emission in UPC

FII,I_IQE

105 o F1 I T T I I I I
— Data ~ 208 P
— Fit, In—6n CR I UPC “"Pb—"Pb, |y = 5.02 TeV _
104 == Fit, 1n © F e ALICE 5
- RELDIS .
= § ! smsmsmss ngn -

10°

ALICE :
] Pb—Pb 1[3_,“ =502 TeV 10
' No signal in ZEMs

14 0 1 2 3 4 5 6 7 8 9 10

5] 8 10 12
E e (TeV) i
N a(in) GRELDIS (jpy) | G"0n(jn) " |tis huge!
(b) (b) (b) = Up to 5 neutrons
In_ [ 1084£0.1£37 [ 108054 [1037£21| & Hadronic cross section
2n | 25.0£0.1+£13 | 259+£13 |23.6+05 _
G,.q=7.6710.24b

3n | 795004023 | 11.4£0.6 6.3+0.1

. o
in | 5.65L003L033 | 78404 | 48+0.1 Good description of 1n and 2n

emission , but other classes are

5 454 +£0.03 1+ 0.4 .3+0.3 J 0. .
Sn | 4540032044 | 6,30 47+0.1 not so well described

In=5n | 151.5£0.2£4.6 [59.8+£5.6 | 143.14+£2.2

RELDIS: Phys. Part. Nucl. 42 (2011) 215.

ALICE, arXiv:2209.04250v1 (2022), submitted to PRC NOON: Comput. Phys. Commun. 253 (2020) 107181.
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pY parameterization
= SOding

P(mzz) =|A-BW, +B|?

= Ross-Stodolsky
P(imgz) = f | BW, [2 (—2)

My
2 A2 \ 3/2
y m ma- — 4m /
R e )
m%m—H%ntunprp(mmj Mpg \ My — 4y
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Systematic uncertainty - anisotropy

Uncertainty (%)

Source OnOn  XnOn + OnXn XnXn
Signal extraction 12 9.1 13
¢ definition 3.6 5.7 3.3
Acc x g 2.9 0.8 0.9
ZN pile-up 0.1 2.3 0.9
/N efficiency 0.7 0.1 0.1
Total 12.6 11.0 13.3
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ALICE in future runs (3, 4 and beyond)

ALICE
- PreCISe and neW ;"3105 E_+ ALICE Simulation SuperChic4.0 E
vector meson 8 F POPD LPC |5, =502 TeV TRty | £10° LHC
photoproduction swg ~ " LB e (vp)
. nght—by—llght gmﬂé— .
scattering i e
102=E _._"‘+ ++_.;F+
n (g—Z)T OE s *++ +++++++++ 107~
1 E . ++ T N .
N < SNAG AFTRAL SRS S
0 2 4 6 8 10 Beam-dump
MW(GGV/CZ) 1072 H"'|2 T ""Hw_‘ L L R L L) """'|2 T H"Hwa
10~ 10 1 10 10 10
m, [GeV]
ALICE3 LOI: CERN-LHCC-2022-009
CERN Yellow Rep.Monogr. 7 (2019) 1159 / LHCC-1-038
=10 o - () Pb-Pb - .3 % 10‘5— d\l,-'d-r-'\or:'-f- m*mwtm in Pl + Pb collizions at v5,,=5.8 TeV
p° > T 52b | 68x10° | 5.5x 10° - :
pi>mtrntn | 730mb | 9.5x10° | 210 x 10° -
b — KK 0.22b | 2.9x10° | 82x 106 -
Iy =t 1.0mb | 14x10° | 1.1 x 105 | 600 x 103
W(2S) - ptpe 30ub | 400x 103 | 35x10% | 19x 103
Y(1S) = pt 20ub | 26x10% | 2.8x 103 880
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