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Light nuclei in heavy-ion collisions v

ALICE

d,t,3He

e The study of light (anti)(hyper)nuclei is very important:

o  Production mechanism is not well understood
m  How/when do they form?
e “early” at chemical freeze-out (thermal production)
e or“late” at kinetic freeze-out (coalescence)?
m Do they suffer for the dissociation by rescattering?

o Low binding energy (few MeV) "Snowballs in hell": nuclei formation
is very sensitive to chemical freeze-out conditions and to the
dynamics of the emitting source

o Baseline for exotic bound state searches

o Light nuclei measurements in high energy physics can be used to
estimate the background of secondary anti-nuclei in dark matter
search
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Antinuclel production 3

ALICE
i‘: - o o _I EANT4 T
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https://www.nature.com/articles/s41567-022-01804-8
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.103011

Hypernuclel production

e Hypernuclei can be used to study

nucleon-hyperon (N-Y) interaction
o  Production of exotic bound states
o Determination of the equation of state

m Application to neutron stars
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Production models o

ALICE

e Statistical hadronization models (SHMs) R A K KK 9 p B AT T @ T o3 T M e
o  describe the yields of light- flavoured hadrons 3 Teee oo Q.Lfai.it;oq_”b P Vo =208
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oy . : -.-' : i H i H—
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https://link.springer.com/article/10.1140/epjc/s10052-024-12935-y

Production models: Statistical hadronization models

e Statistical hadronization models (SHMs) é 10°En N
o describe the yields of light- flavoured hadrons > - K 3
by requiring thermal and hadron-chemical - o ey =
equilibrium g : E
m  Parameters: (T,V, 1) 1E -
. . . - d ]
o light (anti)(hyper)nuclei are treated as 107 e =
point-like objects 1020 o Datm ALICE N
. . % — Thermal-FIST E
o Canonical ensemble (CSM): local conservation 10 ---- GSl-Heidelberg e I
of quantum numbers (S, Q and B) 0 i_Xe—Xe VS = 5.44 TeV, 0-10%, ly| < 0.5 H—;
e Central Xe-Xe collisions: 1, K, ¢, p, d, 3He [ :‘2‘ n B
_ . o le~ ) ; 7
o T, =(154.2+1.1) MeV (Similar to the one = _____é __________ — ? __________ ? __________ - i-
obtained in Pb-Pb collision) £ 08 -
o L _
o V=(3626+298) fm? 06
T K p 0 d *He
2 =
© X/NDF=0.83 L) arXiv:i2405.10826
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https://arxiv.org/abs/2405.19826

Production models: Coalescence O

ALICE

e Coalescence
o  Nuclei are formed by nucleons emitted at freeze-out
hypersurface
o Coalescence calculations incorporate the size of
nuclei
m convolution between nucleon phase-space
distribution and Wigner function of the nucleus

_[]J. 1. Kapusta, PRC 21, 1301 (1980)

_[JMahlein et al., EPJC 83 (2023) 9. 804
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https://link.springer.com/article/10.1140/epjc/s10052-023-11972-3
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.21.1301

Production models: Coalescence

e Coalescence <
o Nuclei are formed by nucleons emitted at freeze-out > 0.008
hypersurface o
o Coalescence calculations incorporate the size of og'0-006
nuclei
i 0.004
m convolution between nucleon phase-space
distribution and Wigner function of the nucleus 0.002

e Coalescence parameter B, related to
formation probability via coalescence:

3 3 A
dp; " dp;
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ALICE -

ALICE

ALICE particle identification capabilities are unique. Almost all known techniques are exploited: specific energy loss
(dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and decay topology (V0, cascade).

Inner Tracking System (ITS) :
e Primary vertex
e Tracking
e Particle identification via dE/dx

Time Projection Chamber (TPC):
e Globaltracking
e Particle identification via dE/dx

Time Of Flight (TOF):
e Particle identification via velocity
measurement

VO (A-C): Trigger, beam-gas event rejection,
| centrality, multiplicity classes

LI JALICE Collaboration Int. J. Mod. Phys. A 29 (2014) 1430044
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ALICE N

ALICE particle identification capabilities are unique. Almost all known techniques are exploited: specific energy loss
(dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and decay topology (V0, cascade).

—i
o(d

TPC: dE/dx in gas ===

M- (S =276TeV

e Separation of (anti)nuclei thanks to their

large mass (and charge) S .S_He__".

dE/dx in TPC (arb. units)

" — Bethe-Bloch curves
1 1 1 1 1 [ 1 1 1 1 I 1 1 1 1 l 1 1 1 1 1 1
2 1 0 1 2

p/z (GeV/c)

LI JALICE Collaboration Int. J. Mod. Phys. A 29 (2014) 1430044
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ALICE

ALICE particle identification capabilities are unique. Almost all known techniques are exploited: specific energy loss
(dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and decay topology (V0, cascade).

TPC: dE/dxin gas 11

e Separation of (anti)nuclei thanks to their
large mass (and charge)

TOF B

TOF: measurements of velocity 8=v/c

® p=yBm->mass

' ALICE Performance
Xe-Xe | s, =5.44 TeV

B=02T

p (GeV/c)

LI JALICE Collaboration Int. J. Mod. Phys. A 29 (2014) 1430044
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ALICE &

ALICE

ALICE particle identification capabilities are unique. Almost all known techniques are exploited: specific energy loss
(dE/dx), time of flight, transition radiation, Cherenkov radiation, calorimetry and decay topology (V0, cascade).

TPC: dE/dxin gas

113

Q.
e Separation of (anti)nuclei thanks to their S
large mass (and charge)

TOF: measurements of vetocity 8= v/c

e p=yBm->mass ‘“§ | ALICE Xe-Xe |[Syy = 5.44 TeV
> 1020% 08<p.<1.6GeVic
=800, 4,3 T ly|<0.5
S - —Signal + Background ' a
3 600| ~ Background - ALICE Performance
% i - Xe-Xe | sy, =544 TeV
S 400/ B=02T

0.4
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N
o
o
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https://arxiv.org/abs/2405.19826

Production spectra of nuclei

e ALICE measured production spectra of nuclei in pp, p-Pb, Xe-Xe and Pb-Pb collisions at mid-rapidity

e Measurements in classes of multiplicity or centrality

o  related to system size
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Nucleon-to-proton ratio

- 8 86
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e Smooth evolution of d/p and 3He/p ratios with the system size
A=2 : multiplicity dependence is well reproduced by both CSM and

@)
@)

A=3: ratio fairly described by the

approach at low and high ch

arged-particle

multiplicity densities. Tension at intermediate multiplicities (10-40 charged particles)
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Constraining nuclei wave function 6

ALICE

LI L L L L L L L B

e Arecentstudy shows that ALICE measurements in HM 'S 0.0020— deuterons, pp Vs = 13 TeV HM |
.. ] > i [] ALICE JHEP 01, 106 (2022)
collisions of: 8 - Gaussian WF JJIEPOS3
o  proton production yields — - Hulthén WF i Pythia 8.3 -
. o 0.0015— B Argonne v18 WF =
o  proton source radius © - 1
O ]
m  allow for the prediction of the deuteron spectrumvia = i
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Hypertriton production "

ALICE

e Lightest known hypernucleus consisting of (p, n, A)
e Mass=2.991 GeV/c?
e B,=0.13+0.05MeV (B,=2.2MeV, B, =8.5MeV,B,, =7.7 MeV)

3 I
e ° Hhasalargesize:

o d,,=10.79fm,r(d)=1.96 fm

3
/\H// /////// \\\
// \\
/ N\
/1 \
/ \
[ dd/\ |
\ I
\ /
\ / - . . .
N\ . _[] https:.//hypernucleikph.uni-mainz.de/

—_—

ELJ F. Hildenbrand and H.-\WW. Hammer, Phys. Rev. C 100, 034002

07/11/2024 [ 10 |



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.100.034002
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Hypertriton production in pp 6

ALICE
e SHM and coalescence predictions for® H are < T L
. T I
very different at low multiplicity ™ <05k .
10°° : -
~ 3-body coalescence ]
M2body coalescence |
—SHM, Vc=dV/dy
- SHM, Ve =3dV/dy
_[ ] Phys. Rev. Lett. 128 (2022) 252003 il Lol .

T1K-J.S t al. Phys. Lett. B 792, 132 (2019) 10 10° 10
[ K-J. Sun, et al. S. Lett. .
an y 92,13 9 <chh/dn>

- 0.5
_IV.Vovchenko, et al. Phys. Lett. B 785, 171 (2018). Inl<
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Hypertriton production in pp

e SHMand coalescencepredictionsfor3AH are % wE T
S r ALICE Performance
. . . . (0] — A
very different at low multiplicity S ™ Fun, po (8- 136 TeV -
o 50 —]
S T 3
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Hypertriton production in pp

e SHM and coalescence predictions for3AH are

very different at low multiplicity o 069
T
e 3 Hmeasuredin Run 3 by ALICE with good ®< 05
precision

° 3/\H/A is compared with the prediction of CSM
and coalescence model

III]IIII|IIII|IIII

ALICE Preliminary
¢ Run 3, pp Vs =13.6 TeV -
*Run2,pp Vs=13TeV 1

o  Two-body coalescence model provides the best
description of data

—— SHM, Ve = 1.6 dV/dy ]
] Coalescence, 2-body -

o
S
III|II|I|III|IIII|IIII|II||X

10

(dN_/dn)

71<0.5

> Hypertriton in pp clearly favours coalescence
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Hypertriton production in Pb-Pb

° 3AH has also been recently measured in Pb-Pb collisions at \/SNN =5.02 TeV

Enrties / (0.0016 GeV/c?)
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Hypertriton production in Pb-Pb

° 3/\H has also been recently measured in Pb-Pb collisions
atvs,, =5.02 TeV
o  More precise wrt Pb-Pb at /s =2.76 TeV

(1] arXiv:2405.19839
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Hypertriton production in Pb-Pb D

ALICE

3 . L. == Coal. B, =420 keV (STAR) == Coal. B, = 164 + 43 keV (Ave.)
e ° Hhasalsobeen recently measured in Pb-Pb collisions ~++ Coal. B, = 102 keV (ALICE)  —— SHM

o
o

L I B O S DR B S e
at \/SNN =5.02 TeV L ALIGE Pb-Pb I
o More precise wrt Pb-Pb at /s =2.76 TeV % 05 * Vo =502 TeV E.
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04 -+ -
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Hypertriton production in Pb-Pb

° 3/\H has also been recently measured in Pb-Pb collisions

atvs,, =5.02 TeV

o  More precise wrt Pb-Pb at /s =2.76 TeV

== Coal. B, = 420 keV (STAR)
== Coal. B, =102 keV (ALICE)

== Coal. B, = 164 = 43 keV (Ave.)
—— SHM

e *H/*He shows good agreement with coalescence,
assuming B, = 164 + 43 keV
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p,-differential measurement is also in agreement
with blast-wave with common parameters with
other nuclei
o  Large statistical uncertainties > Ongoing
p,-differential analyses with Run 3 data are
fundamental to disentangle the two models
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4He in Pb-Pb collisions &

ALICE
e ALICE has measured the production spectra for ALICE 0-10% Pb-Pb {5, =5.02 TeV ly[<0.5
N\ 4 . » e, o (w2 (K*+K)/2
(anti) *He in Pb-Pb L oS o ()2 . §e o
S 1 e, f * (“He+‘He)2
4 . . ~ ‘lz\x‘\:::::‘;f__"___’_
e “Heismore bound and compact than lighter B b e — W e
nUClei: <“E- - Combined blast-wave fit e “:: ‘
ENNEEEE S S e “'*:;;:
o E,(*He)~28MeV, r(*He) ~ 1.7 fm S e
e p_spectraare well reproduced by a blast-wave e
. . . Q gE - o
function, using common parameters with the ‘g’ i o
~ 14— I]Dm__
other nuclei 8 120 e B
O o8E ]
0.6E-
0.4 ) I
1 2 3 4 5 6 7 8
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[ Phys. Lett. B 858 (2024) 138943
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4He in Pb-Pb collisions

e ALICE has measured the production spectra for
(anti) “He in Pb-Pb

e “Heis more bound and compact than lighter
nuclei:
o E,(*He)~28MeV, r(*He) ~ 1.7 fm
® p_spectraare well reproduced by a blast-wave
function, using common parameters with the
other nuclei

e The parameter B, is compared with SHM+blast
wave and coalescence predictions

> SHM describes nuclei with A = 4 better
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Hypernuclel with A = 4

e SHM predicts hypernuclei with A=4in Pb-Pb

collisions
o theyarerare:

m  penalty factor for increasing A: ~ 300
m  suppression due to strangeness content
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https://www.sciencedirect.com/science/article/pii/S0370269311001006?via%3Dihub

Hypernuclel with A = 4

e SHM predicts hypernuclei with A=4in Pb-Pb

collisions H + A ‘He + A
o theyarerare:
m  penalty factor for increasing A: ~ 300

m  suppression due to strangeness content 0.984+0.05
© ju LORIO08 L — * -0.083+0.094

e Some factors may enhance the yield (x 4):

1.09+0.02 1.406+0.00

o larger binding energy wrt A=3 60,009
o  existence of excited states (N ot g i e S == ==T 0.233+0.092
o  spindegeneracy dy > 2/ +1 L0001 0" < 3os005 1 .

4

AH AHe

\J
BA (MeV)

] M. Schéfer et al., PRC 106, L031001 (2022)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.L031001

Hypernuclel with A = 4

T L L e L L

e SHM predicts hypernuclei with A=4in Pb-Pb s F oo ot Vi 2T |
collisions 3 ~MEW ot -
o r local p-value: 4.26 x 10°® -
o theyarerare: S o Significance 450 B
m  penalty factor for increasing A: ~ 300 S | ]
m  suppression due to strangeness content 2 4 7
3 I i
e Some factors may enhance theyield (x 4): © Zﬂ] I l L 1 u
i _ i i i
© lar_ger binding energy WrtA=3 588 36 591 508 '393“113 94 113%5 51&19 3.97
o existence of excited states M., .  (GeV/c?)
o  spin degeneracy P R R R R R R RS N
8 8;_ ALICE Sy = 5.02 TeV —;
> _F 0-10% Pb-Pb Vs, = ]
® InPb-Pbatys,, =5.02 TeV, ALICE has observed: e NEW je s Fespar E
o 4/\H S%He + 1 § 65_ ISo‘caI'fp-value::s?wa“‘ E
_ 5:_ ignificance: 3.06 _:
o *Hes*He+p+m g',‘f_ 3
£ 2
3 z
15 . :
G:||§||......I....I.w«u«,llu.wml.h.rl—:
389 39 391 392 393 394 395 396 397

[ larXiv:2410.17769 Mse . p. - (GEV/C?)
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https://arxiv.org/abs/2410.17769

Hypernuclei with A = 4 "

ALICE
e SHM predicts hypernuclei with A=4in Pb-Pb NEW
. . 76
Colllslons % X1|0| T T | T T T T T T | LI T | T T T T | T T T T | T T
: = L ALICE 1 SHM, T, =[155+1.5] MeV |
’ th:y arSer:ar\el?t.y factor for increasing A: ~ 300 % | 10 po-es (S = 502 TeV S o Sxﬁggdﬁaéis“)"ev
- lyl<0.5 (ground State only)
m  suppression due to strangeness content Th
1.0 10.60 \_I_I 4He T 0.26 ]
[ L 1 - |
e Some factors may enhance the yield (x 4): 0.7} T I iy |
o larger binding energy wrt A=3 8:2. i 03 A
o  existence of excited states 0.4} ££0 1 0
o  spindegeneracy 0.3}
e InPb-Pbat+vs  =5.02TeV,ALICE has observed: 2] * T 7
O 4AH$4He+T[_ Lo v b v o b o | PRI N A TN N Y NN A Y W O N

o “HesHe+p+ 39215 3.922 3.9225 3.923 3922  3.9225  3.923
M (GeV/c?)

e Yieldsin agreement with SHM prediction that
includes feed-down from excited states

> SHM describes hypernuclei with A = 4 well ’

_[JarXiv:2410.17769
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https://arxiv.org/abs/2410.17769

Flow as a probe for nuclear production

e Anisotropic flow measures the momentum
anisotropy of final-state particles
o Itissensitive to a different production in-plane
and out-of-plane
o Can be used to test production mechanisms
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Flow as a probe for nuclear production 6

ALICE

e Anisotropic flow measures the momentum

—— 1.0 T T T T T T T T T T T T T T T T T
anisotropy of final-state particles T AuoEl Prerm.nar' 'FTOC t' ) :
o ltissensitive to a different production in-plane =" o8- oo =iy Eoqon « 1020% .
and out-of-plane - “He, In] < 0.8 [4]20-40% [3]40-60% 1
o Can be used to test production mechanisms 06 g
. 3 . : i =
® ALICE has measured v, for (anti-)°He in Run3 041 —— E
o« o - —%—— _
Pb-Pb collisions at Vs, =5.36 TeV ool ‘ 3 -
o more differential both in p_and centrality, more B ig,git.z.:.::r:‘:b ]
precise than in Run 2 0.0~ % e —
B I e
P, (GeV/c)
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Flow as a probe for nuclear production

e Anisotropic flow measures the momentum R B
anisotropy of final-state particles O v | E

o Itis sensitive to a different production in-plane :z:: (a7 FT0C cenvally == F

and out-of-plane i ol E

o Can be used to test production mechanisms oof : 3

0.05 [Ce ] *He.mi <08 E

® ALICE has measured v, for (anti-)*He in Run3 [8] Fun2

- om . S

Pb-Pb collisions at Vs, =5.36 TeV oo, — Bt e

o more differential both in p. and centrality, more BT s T sevia)
precise than in Run 2

. o E 0-65' T I. | T T ]

e Data are compared with the predictions of SRE S - £

blast-wave and [{LEIEHLNILE model el HOTFTOC conely ]

> coalescence is favoured 03 E

02f- E

o [Ce ] °Fe, m|<0.8 ]

0'1; _____ % :?’ugélsma+MUSIC+ B

= + UrQMD + Coalescence -

0.0 :_ - Blast-wave _:

S R S

P, (GeV/c)
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Flow as a probe for nuclear production

1.2

e Anisotropic flow measures the momentum & ALIGE Prelminary, Pb-Pb, 5y, = 536 TV |

anisotropy of final-state particles T gy el ]

o Itissensitive to a different production in-plane f D% ]

and out-of-plane o8 | |

o Can be used to test production mechanisms 04r L ]

0.2f — ]

® ALICE has measured v, for (anti-)°He in Run3 = ;

Pb-Pb collisions at Vs, =5.36 TeV I S

o more differential both in p_and centrality, more S E Rt R R e

precise than in Run 2 S ——— A

w r ALICE Preliminary, Pb-Pb, |s,, = 5.36 TeV 1

e Data are compared with the predictions of blast [ 20.60% FT0G cenvt;ty ;

wave and coalescence model 08 %3:9 ;

> coalescence is favoured 06 | | -

e Flow of hypertriton has been measured for the Z: [ 1+ ;

first time: -

o compatible with 3He, but large uncertainties o :

currently OETTTTE T s s
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Deuteron production vs rapidity v

ALICE
® In cosmic rays - interstellar medium 156 a_ S
. . . . . E ElY| <05
collisions (anti)nuclei are mainly produced -y
<15
at forward rapidity: _ v <2
o important to study nuclear production vs rapidity E 107
=, 0]
510
1012t

10’ 10°
rigidity [GV]

LI KBlum Phys. Rev. C 109, L031904
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.L031904
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.L031904

Deuteron production vs rapidity

e Incosmicrays - interstellar medium
collisions (anti)nuclei are mainly produced

at forward rapidity:

o important to study nuclear production vs rapidity

e Measurement of p and d productionin
rapidity intervals (|y|<0.7)

A arXivi2407.10527
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1/Ng,, £N/(dydp.) (GeV/c)

1/N,,, £N/(dydp.) (GeV/c)'

10?

10

10°

1072

107'E

10277
10° £
104

10°E

@ l<01(x2)
u ALICE [+ 0.1<]y|<0.2 (x2°
L ppVs=13TeV 02<|y| <03 (x 29
g ntiproton (5103 <|y| <04 (x 2
F antiprotons (3 0.4 < |y| < 0.5 (x 23) 7
L [+ 05<|y| <06 (x2) ]
E & 06<]|y|<0.7 (x1) 3
g "M% == Lévy-Tsallis fit
i g - nia
= T Z
;\33-'-'--“-135311':*:% ............. g
I T |'.r.""'~::’.:'.' """"
1 2
P, (GeV/c)
UL L B L B
6 =
ALICE ©lyl<01(x27) 3
- ) 0.1<y] <0.2 (x 2 ]
. ppVs=13TeV 02 < |y| < 0.3 (x 24)
i ] 0.3<]y|<0.4(x2) 3
antideuterons 3042 <05 x2?
L« % ) 05<|y| <0.6 (x2)
3 mm% 3 0.6<y[<0.7 (x1) 3
‘ o «= Lévy-Tsallis fit



https://arxiv.org/abs/2407.10527

Deuteron production vs rapidity

— T T T

. . . 6—8\ E|09<p/A<10GeV/c(><2“)
e Incosmicrays - interstellar medium B 10<pyA<11GVc(2)  ALIGE
= . | e R LI
collisions (anti)nuclei are mainly produced S (L Bisssas o oneen i
HE ;uPYTHlAss E
at forward rapidity: -
o important to study nuclear production vs rapidity - - |
e Measurement of p and d productionin ———— e
. g . 0 0.2 0.4 0.6 0.8 1
rapidity intervals (|y|<0.7) )
. . . @ EI'< y<l.ecx‘l —
e B ismeasured as a function of p_and y: g | Bl caiaciacacs 3; e
o dataare compared with predictions from B %1;:2;;‘:}22:\%2 g pp Vs=13TeV |
Q (x1

coalescence (PYTHIA and EPOS+Coalescence)
> theshape s correctly reproduced, the magnitude
not

A arXivi2407.10527
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https://arxiv.org/abs/2407.10527

Summary &

ALICE

e Production of (anti)(hyper)nuclei measured at mid-rapidity in pp, p—Pb, Xe-Xe and
Pb-Pb
o light nuclei (E; ~ MeV) are reproduced by both SHM and coalescence
o loosely bound objects such 3/\H (B, ~ 100 keV ) are described better by coalescence as it
includes nuclei size in the estimation

e With Run 3, some measurements that were possible only in Pb-Pb collisions will be
accessible also in small systems

o Measurements will help to disentangle the different production models providing a clearer
understanding of the dynamics underlying nuclei formation dynamics
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Event-by-event coalescence v

ALICE

e Possible to implement event-by-event o 00020 T e o 5 = 13 TeV HM
; ity > - [¢] ALICE JHEP 01, 106 (2022) |
coalescence, with probability: 3 - e WEoss |
- - Hulthén WF i Pythia 8.3
3 3 - o - o 0.0015— B Argonne v18 WF =
’I"O, /d Td/d THpn 77“(1?7“0)’2)((]3‘,) g i 1
©
NE E ]
r, is the size of the emitting source RS 0.0010/7 B
o gqistherelative p-n momentum gm i i
o  Two-particle emitting source: average two-particle T 0.0005 55K h
distance R ]
o  Wigner transform of the deuteron wavefunction : - e -
I == el
e production measurements to constrain the g 2 .
. a) :
nuclear wave function =
T [ e——
é 051015 2.0 2530 35 4.0 45

P (GeVlc)
] Mahlein et al., EPJC 83 (2023) 9, 804
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https://link.springer.com/article/10.1140/epjc/s10052-023-11972-3

Rapidity dependence of coalescence -

e Model predictions based on ALICE
measurements are used as input to
calculate antideuteron flux from cosmic
rays

e Buttypically ALICE measurements
cover midrapidity (|y|<0.5) while
astrophysical models extrapolate to the
forward region

07/11/2024
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.L031904
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.109.L031904

3 H p. spectra in Pb-Pb 6

ALICE

10_2 _I_IlllIIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIJ_
H—>3He+n B.R.=0.25 -+ dx 10" = °He 3
+ 1 . iH 7
— Blast-Wave fit
107

o~ .

30-50% |

1077

1 23 456 7 89 12 3 4556 7 89 123 4586 7 89
P, (GeV/c) P, (GeV/c) P, (GeV/c)

AN arXivi2405.19839
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Deuteron production vs rapidity

x1 0_.3 |

| T
10° :

dN/dy

~ 0.250
N 03050705 05 1

0.2 \ i
@) data N ALICE
— PYTHIA 8.3 (norm.) \ pp Vs =13 TeV
0.1—- PYTHIA 8 Monash antideuterons

2013 (norm.) + coal.
— EPOS 3 Argonne v,; WF
(norm.) + coal.
1 l 1 1

L P I N N, .
0 2 4 6 8

_Llllllllllllllllllllll

| Y]

A arXivi2407.10527
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https://arxiv.org/abs/2407.10527

Deuteron production in PYTHIA

PYTHIA 8.3:

o dproduction via ordinary reactions
o Energy dependent cross sections parameterized based on data

Reactions:

® p+tn->y+d

® p+n->ml+d

® p+n>ml+n’+d
® p+n-o>m+m+d

07/11/2024

p+tp>m+d
ptp>m+mn’+d
n+n->1+d

n+n>m+ml+d

[GeV?]
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1

o
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LA Dal AR Raklev, Phys. Rev. D91 (2015) 123536
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.91.123536

Light nuclei flow measurement

Angular distribution of reconstructed charged particles can be
expanded into a Fourier series w.r.t. symmetry plane ¥y

BN 1 BN Zx
E—‘ _ — 1"‘ QUnCOS (n (¢_¢n))
dp3 27 prdprdy n—1

v, = (cos (n (¢ —y)))

e Elliptic flow (v, ) is sensitive to the system evolution:
o It probesinitial conditions and constraints particle production mechanisms

e The measurement of light nucleiv_will help in the understanding of particle production mechanisms
o Dolight nuclei follow the mass ordering observed for lighter particles?
o Dolight nuclei follow a quark/baryon number scaling (coalescence) or follow mass scaling
(hydro)?
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Flow analysis method %ﬁ%

e v, ismeasured using the scalar product method <u — Q">
o Hits measured by VOA (2.8 <n<5.1) and VOC (-3.7<n<-1.7) va{SP} = ni\PT 1]
are used as reference particles \/< %A i A/};B>
A B

o Deuteron candidates are the particles of interest (|n|<0.8)

e The contribution to the measured elliptic flow (vaOt) due to misidentified deuterons (szkg)
was removed by studying the azimuthal correlations versus AM (AM=m___-m )

Sig bkg &; 68 7 ALICE Pb-Pb |5 = 5.02 TeV
_ bkg = 20-30%
v (AM) = v Nt ~ior (AM) + 0 E(AM) - (AM) *W
e Theyields N8 and NB & are extracted from fits of the invariant 0.1 g
mass distribution obtained with the TOF detector - 22<p <2.4GeVic
%%4 02 0 02 04
AM (GeV/c?)

_[] Phys. Rev. C 102 (2020) 055203
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