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Physics motivation

ALICE

Light (anti)nuclei are produced in high-energy hadronic
collisions at the LHC

* Matter and antimatter are produced in (almost) the
same amount at midrapidity
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e Their production mechanism is still not understood
 Two phenomenological models:
= Statistical hadronization

= Coalescence

beam
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Coalescence model

ALICE

* If (anti)nucleons are close in phase space and match the spin

S. T. Butler et al., Phys. Rev. 129 (1963) 836 state, they can form an (anti)nucleus

e Coalescence parameter B, is the key observable:

A

: d>Ny s (& d>N,, A
‘/ A dpg = Dba p d’pS Pp = pa/
Invariant yield Coalescence Invariant yield
of nucleus parameter of protons
* Coalescence parameter depends on both the source size and
radial extension of the nucleus wave function:

Small source size = Large B, Large source size = Small B,
pp~1fm Pb—Pb ~ 3-6 fm
p—Pb ~ 1.5 fm
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In

ALICE

-jet and underlying event

leading track ¢ =0

The study in small systems, such as pp and p—Pb, is interesting since

the nucleons are closer in phase space wrt Pb—Pb

Leading particle (highest p; and p;>5 GeV/c ) used as a
proxy for the jet axis

CDF technique used to find the three azimuthal regions
* Toward (|Ag| < 60°) : contains JET and UE
* Transverse (60° < |A@| < 120°) : dominated by the
Underlying Event (UE)
* Away (|Ag]| > 120°): contains recoil jet and UE

Jet: Toward — Transverse

JET

UNDERLYING — _
EVENT /

Martin, T., Skands, P. & Farrington, S. Eur. Phys. J. C76, 299 (2016)

RECOIL
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The ALICE detector in Run 2

ALICE

* Most suited LHC experiment to study
light (anti)nuclei production

* Excellent PID capabilities

Il |
Wil /.y

JINST 3 (2008) S08002
Int. J. Mod. Phys. A 29 (2014) 1430044
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The ALICE detector in Run 2

ALICE
Inner Tracking System (ITS) Vo
Tracking, vertex, PID Trigger, multiplicity
Time Of Flight (TOF)
PID via
time-of-flight = * Most suited LHC experiment to study

light (anti)nuclei production

N

* Excellent PID capabilities

Time Projection Chamber (TPC)

JINST 3 (2008) S08002
Tracking, PID via dE/dx

Int. J. Mod. Phys. A 29 (2014) 1430044
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&, Deuteron identification

ALICE

dE/dx in TPC (arb. units)
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ALICE performance
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Low p- region (below 1 GeV/c): PID via dE/dx

Ogg/ax ~ 9-5% in pp, ~ 7% in Pb—Pb
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-~ ALICE performance
pp Vs = 13 TeV
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3.5 4
p (GeV/c)

High p; region (over 1 GeV/c): PID via time-of-flight
Opp ~ 70 ps for pp, ~ 60 ps for Pb—Pb
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ALICE

(Anti)deuteron spectra: pp @ 13 TeV
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Deuteron production in events with p;'¢2d > 5 GeV/c
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The results are consistent with those obtained
using the two-particle correlation method
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ALICE

1N, S°N/(dp. dy) (GeVicy'

(Anti)deuteron spectra: p—Pb @ 5.02 TeV
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Antiproton spectra: p—Pb @ 5.02 TeV
went
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B, in jet and UE

ALICE
1 ( d2N )
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B, in jet and UE

ALICE
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B, in jet and UE

ALICE

1 ( d*N )
(2m/3)pg \dydpr/ 4

Z
2

— 2 H- 1 1 1 1 ] 1 ] 1 ] 1 1 1 ] ] ]
7 10 & I ! | ! = 2 = 2
& m _ _ = 1 d2N
2 “ALICE Preliminary p-Pb, {5, =5.02 TeV pp, Is =13 TeV i (2m/3)pk \dydpr/,,
9 ® [in-jet m |in-jet
S 10 = pei>5GeVic underlying event Dlunderlying event 3 Enhancement of B, wrt B, in pp collisions
- + 1 * Whathappens in p—Pb collisions?
1 = ' + : + - . 3 * Enhancement factor is larger wrt pp collisions
- b : E
107" ~ 13 =
; [0 F—T—— = i ' E
- e —
10_2 1 1 | 1 1 1 I 1 1 1 I 1 1 1 | 1 1 1 I 1 1 ] —

1 | 1
0.4 0.6 0.8 1.0 1.2 1.4
pT/A (GeV/c)

marika.rasa@cern.ch Hard Probes 2023 - 28/03/2023 11



® B

ALICE

,in jet and UE
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Enhancement of B,®t wrt B,YE in pp collisions

2=

What happens in p—Pb collisions?

Enhancement factor is larger wrt pp collisions

B,"YE (p—Pb) < B,Y!(pp) since p—Pb source
size is larger than pp source size

marika.rasa@cern.ch

Hard Probes 2023 - 28/03/2023

11




® B

,in jet and UE
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What happens in p—Pb collisions?

Enhancement factor is larger wrt pp collisions

T~ B, it (p-Pb) > B, i (pp)
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B,"YE (p—Pb) < B,Y!(pp) since p—Pb source
size is larger than pp source size

Assuming the same source size for nucleons in
jet, nucleons are probably closer in momentum
space in p—Pb wrt pp
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B, in jet and UE
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What happens in p—Pb collisions?

Enhancement factor is larger wrt pp collisions

T~ B, it (p-Pb) > B, i (pp)
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B,"YE (p—Pb) < B,Y!(pp) since p—Pb source
size is larger than pp source size

For the first time, we see some differences
between jets in pp and p-Pb collisions

Difference related to particle composition?
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d/pin jet and UE

ALICE

3 arXiv:2211.15204v1  arXiv:2301.10120 -3
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* d/p calculated as ratio of normalized spectra * Higher d/p 't in p—Pb collisions wrt pp collisions
e d/pletis higher than d/p Y¢  Different particle composition = could affect the coalescence probability
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Data / Model

107"

B, in jet and UE — model comparison

@ underlying event

EI in-jet
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arXiv:2211.15204v1 T

Two different models:
* PYTHIA 8 Monash 13 +
simple coalescence

(
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B, in jet and UE — model comp

ALICE
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B, in jet and UE — model comp
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ALICE
a~ T ] I I & L L I B L BB
O 0k ALICE |« Two different models: X 102E . TA\'—/'CEI - s ey -
Al — — ea - = — ea =
% - @ pp \E._ 13 TeV, p* > 5 GeV/c - « PYTHIA 8 Monash 13 + % - @ pdp |S- 3 et , P> 5GeV/e 3
g - underlying event / simple coalescence g - underlying even :
o ol ®linde - +  PYTHIA 8.3 with & 1ol Ot ~
= PYTHIA 8 Monash 13 (tuned p) = reaction-based - PYTHIA 8.3 with reaction-based d =
u + Coal. (Ap < 0.285 GeV/c) ] ) - production N
- i deuteron production i i
L | (Bierlich et al., L N
= : arXiv:2203.11601) - =
B !:.ﬁ ® ] B 1:‘.:.1 ® ]
10_1__ |+ Both models qualitatively 10_1__ 1
= - reproduce the data and the = E
Bl feuzan===. — ] large difference between [ [T & . i
B 7 jet UE B 7
A T R A A Ly B, and B, N T T P A T RN AR
o 2F = : : @O 2+ -
O ' % | 1 ¢ Further comparison with O '
Q 1k ) LA = 1 ;m[’"‘] 9 ------------ Q ------------- -
= - : models = ; ]
\CE; 0 = = . , . . ] E 0 C @ @ ]J—‘ ‘ . . ]
= 04 06 08 1 12 14 1.6 = 04 06 08 1 1.2 14 1.6
)
- | 0_/A (GeV/c) | p_/A (GeV/c)
arXiv:2211.15204v1 T arXiv:2211.15204v1 T
marika.rasa@cern.ch Hard Probes 2023 - 28/03/2023 13



ALICE

Summary

* Light (anti)deuteron production in three azimuthal regions in pp and p—Pb collisions

* Coalescence parameter in-jet and underlying event

* Enhancement of B, ®t wrt B, Yt of a factor 15 (24) in pp (p—Pb) collisions
 Higher B, *t in p—Pb collisions wrt pp collisions

* Nucleons are probably closer in momentum space in p—Pb wrt pp
» Higher d/p ratio in p—Pb collisions wrt pp collisions for jets
* Good agreement with model comparison in pp collisions

* New investigation in Run 3 data

Thank you for the attention!
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ALICE

Backup
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Statistical models

ALICE
: ! '+' ! e e ver et ' e E
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marika.rasa@cern.ch Hard Probes 2023 - 28/03/2023 16



(Advanced) coalescence model

ALICE

* Wigner function formalism

Ny= 9gq- f d3x1 d3xA ) d3k1d3kA fi(xg, k) - fa(xa, k) - Wa(xq, oo, x4, ke, o0 kg)
L ) |

T 1 1 |

spin-isospin phase space distributions Wigner density of
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L N L L L
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E 20 E * Different Wigner density functions available:
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- ol ® @ . * Gaussian: standard one
10 Qo= ' 7 .
- e : * Double gaussian
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Coalescence parameter

ALICE
Eur. Phys. J. C 80 (2020) 889
anti-deuterons, pp, ¥s = 13 TeV
c%\ E I ' | ' l l l I ' ' ' ' I l l l T I T T T T E C’Y;-\ T T T T TTT | T T T ' T TTT T T T T TTTT I
g E (AN, /dn) =255 i : 2 - i
w | ¥ ] = — . = 0. \
3 10 uul:l-:- VOM Multiplicity Classes = v 102 "E'*-.._gl}_g i py/A=0.75 GeVic —
= UL LR == (o1 (x1) 3 S - g .
S o 10 (x2) : ~« F :
Q@ [ R e ol (% ] 1 (x 4) ] @ - ALICE ]
T IV + V (x 8) = i op. 15 = 13 TeV .. |
= VI (x 16) = .
- VIl (x 32) . m|pp, f5=7 Tev
= VIl (x 64) - 10° _ —
1071 [ ]1X (x 128) _ = [Me-Po. {5 =502Tev 3
5 [®] X (x 256) = C [®lPb-Pb, {5y =276 Tev N
- — [®]INEL > 0 (x 512) . = o
. s[e & — - ™ B, coalesc. r(d) = 3.2 fm (PRC 99 (2019) 054905) 7
OOULUKEAN KN Cé 1 2
107 — ~ - Param. A (it to HBT radii) N
E (dN /d?7> — 26.02 = 10—4 | =Param. B (constrained to ALICE Pb--Pb B,) —]
B ch o ] - =
10—3 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I [ | 1 | L1 111 | 1 | L1 1 111 I 1 1 1 L1 111 I N
0.5 1 1.5 2 25 1 10 102 10°
pT/A (GeV/c) (chh / dnlab)|77|ab| 05

* B, israther flat in all multiplicity classes, but

increase at high p;/A in the MB class

Smooth evolution from small to large

source size
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The ALICE detector in Run 2

ALICE

Inner Tracking System (ITS)

Six concentrical layer of silicon sensors:

PEERE AW, Y CRAYL iRm a aVh '

» 2 layers of Silicon Pixel Detectors (SPD);

» 2 layers of Silicon Drift Detectors (SDD);

e 2 layers of Silicon micro-Strip Detectors
(SSD).

R, =43.6 cm

JINST 3 (2008) S08002
Int. J. Mod. Phys. A 29 (2014) 1430044
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The ALICE detector in Run 2

ALICE

Time Projection Chamber (TPC)

Cylindrical gas detector, made by a field cage filled with
Ne/CO,/N, (90/10/5). The cage is closed with two
endcaps made of Multi-Wire Proportional Chambers
(MWPC).
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The ALICE detector in Run 2

ALICE

Time Of Flight (TOF)

90 modules formed by a system of 10 gaps double stack
Multigap Resistive Plate Chambers (MRPC). The resistive
— plates are made with commercially available soda-lime

: glass sheets with a gap of 250 um.
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The ALICE detector in Run 2

ALICE

Vo

Formed by two different modules, VOA and
VOC, consisting of two arrays of scintillator
counters and Wave-Length Shifting (WLS)
fibres installed on either sides of the
interaction point.

VOA VOoC

JINST 3 (2008) S08002
Int. J. Mod. Phys. A 29 (2014) 1430044
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Pythia simulation

 PYTHIA 8.3:
= d production via ordinary reactions

= Energy dependent cross sections parametrized based on data

®  Reactions:

p+h—>y+d p+p—>mt+d
p+n->n’+d p+p>mt+mnl+d
p+n>ml+nd+d n+n->rm+d
p+n->Tmt+TT+d n+n->m+n’+d

* PYTHIA 8 Monash:
= Simple coalescence

= disformed if Ap < p,, with p, =285 MeV/c
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