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Physicanotivation

ALICE

AMulti-baryon states are produced in
high energy hadronic collisions at
the LHC

ATheir production mechanism is still
under debate

ATwo classes of phenomenological
models:

- A Statisticahadronisation
: Zz pu
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Statistical rmodeils

ALICE

A Hadrons emitted from a system in statistical

and chemical equilibrium
A dN/dy® expem/Tem)

t Nuclei (large m): large sensitivity 19,

A Light nuclei are produced during phase

transition (as other hadrons)

A Typical binding energy of nuclefew MeV

(E5~2 MeV for g

¢ how canthey survivethe hadronicphase
environment(T,,.,~ 156 MeV)?

A

dN/dy/(2d + 1)
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In PBPDb collisionsparticleyieldsof light flavor hadrons

are described over 9 orders of magnitude withammon

Nature vol. 561, 3215330 (2018) chemicalfreezeout temperature of T, .., f Mp c a !
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Coadalescencenodels s o 126 (1963 836

ALICE

.___————-
S

A If (anti)baryons are close in phase space and match the spin state, the
can form a (anti)nucleus

A Coalescence paramet@, is the key parameter

A Experimental parameter tightly connected to the coalescence probabili
LargerB, Larger coalescence probability
A Coalescence probability depends on the system size

Smalldistancein space Largedistancein space
(Onlymomentumcorrelationsmatter) (Bothmomentumand spacecorrelationsmatter)
large B, small B,
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The AlICE«detector

ALICE

A Generalpurpose
experiment

A Excellent tracking and PID
capabilities over a broad
momentum range

A Low material budget

M az2ad &adz dSR

LHC for the study of

(anti)nuclel produced in HI

collisions
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The AlICE«detector

ALICE _
_ _ Inner Tracking System
Time Of Flight
VO
A Generalpurpose
experiment
,,,,, A Excellent tracking and PID
TS r— g o | capabilities over a broad

y/
T

momentum range
A Low material budget
M az2ad &adza G§SR
LHC for the study of
(anti)nuclel produced in HI
collisions
Time Projection Chamber
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Low p nuclei identification

ALICE
Lowp region (below 1 GeJ Iy t L SEd®melasurements in TPC
B bt o ekt . A Excellent PID for deuterons
= " 4mdx ~ 6-5% (in PHPb collisions)
= A (anti®He well separated from the other
&5 particle species over the full momentum rang
o
|—
5 10° 1.
%

p/z (GeV/c)
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Low p nuclei identification B

ALICE
Lowp region (below 1 GeJ Iy t L SEd®melasurements in TPC

e . A Excellent PID for deuterons
" amdx ~ 6-5% (in P¥b collisions)

A (anti*He well separated from the other
particle species over the full momentum rang

- ALICE ® Data
_Pb—Pb, '.I.'S—w= 5.02 TeV, 0-5% — Totalfit

- 2<p_<3GeVic,|n|<08 Z:
- e

—h
OCD

Counts

10° S

dE/dx in TPC (arb. units)

Raw YIELDEXTRACTION
Fromy “distribution
for eachp; interval

p/z (GeV/c)

0 2 4
dE /dx - (dE / dx)aHe

Physics Letters B, 805, 135414 O ax
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Highp nuclei identification

ALICE
Higherpregion (above 1 GeW)Th t L 5 @ N Imea@useimene in T@F
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ALICE Performance
p-Pb, \/sNN =8.16 TeV
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Highp nucleiidentification

ALICE
Higherpregion (above 1 GeWyI'h t L 5 @A Imea@usemand niT@F
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BlastWavefit of p; specira

ALICE

. 10° ALICE Preliminary, \s,, = 5.02 TeV, 0-10%

§ o ’ . o (n++_n'/)2/2 gK++K')/2

E tttt.’ttt. He ---- Combined Blast-Wave fit

\_%'_10_1 A BlastWavefit of lightflavour

% 1072 hadronscF N2 Y -~ (2

= 107 A 3H and®Hep, spectraare of

§ 104 the sameorder of magnitude
108 t Considere@omparable for
- the ratio-to-protons
1077

P, (GeV/c)
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Ratio to protons — model comparison
ALICE - 0
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A Smooth transition across different collision systems and energies
A Light nuclei production seems to depend only on multiplicityunder investigation

A Results challenge the models for A=3 nuclei
| ]
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Codleseenc@arameter

ALICE
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ALICE
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A Continuous evolution oB, with multiplicity
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ALICE
Initial spaceanisotropyin noncentral A-A collisions

U azimuthalanisotropyof particleemissionwrt symmetryplane
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Elliptic flow v,

ALICE
arXiv:2005.1463nuckex]
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Compatisono simplified models

ALICE
arXiv:2005.1463MNuctex]
ﬁ %IIIIII\I'\IIIllll :illlll\llllllllll\lllIII\|II"\“1I|:
A - R s
E0.5_— ALICE — B Coalescence A
a = — T ed+d yd ]
o 04r PPPPisw=502TeV 3 A1
QL 10-20% P 40-50% o :
o B & T £
> 0.3 i o .
L Q fl lIl: f,::
0.2 ”II I ,i ]
C A T 7
C Vg T /.
u e 4 o
0.1 Ao T P 7
L S 1 ,‘0
B < T +¢¢
Ojr_"'ﬁ."'w!w" '_'jr_'!!!!H!!!!!!!!H!!!!!H!!H!!_f
IR ; _ e _|

0 1 2 3 4 5 60 1 2 3 4 5 6
P, (GeV/e) P, (GeV/e)

SIMPLE COALESCENCE

vSP, |1 > 2)

Data/Model

arXiv:2005.1463MNuclex]
II|IIII|IIII|IIII|IIII|IIII|

Frrrrprrrrprrrrrrt

8

Data Combined # ]
0.5F ALICE e blast-wave fit L2 ]
C o T
[ Pb-Pbys, =502TeV 1 -
0.4 ;,;__%p+2
: {}’tf’ : L] d + d :
277 "1 Predicted i
'EE __d+a' ) 2 e .
T wdz
=
i J’.r 7 #-'.
[ w} A o F
== s/ o~ ¥
rh A el

:;'%p;* _

Pl
===

SIMPLIFIED HYDRODYNAMICS

Overestimate of data

Underestimateof data
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Compatisono simplified models

ICE

D
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Physics Letters B, 805, 135414
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ALICE

Compartisonto more sophisticatechmodel &
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Compartisonto more sophisticatechmodel i

ALICE
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Hydrodynamical simulationEBEVISHNU) + Coalesceneefbin PRC 98, 054905 (20)8)
A Good description of the deuterow, andv, as well as théHev, in 0-40%
A No predictions available for more peripheral collisions or SHM
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ALICE

A Light (anti)nuclei up téHe are measured with ALICE

A Production mechanism evolves smoothly with multiplicity

A Statistical and Coalescence models describe different aspects of light (anti)nuclei
production

A Experimental results challenge the models

Thankyou for the attention!
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anti-deuterons, pp, Vs = 13 TeV 0
c:):-;“ E T T I I I T T | T T T T | T T T I I T T I T I E 0")(-)‘. [ T T T I T T T T | T T T T I T T T T | I I I I |
< - (dN,, /dn) =255 —— : T - ALICE Preliminary (d+d)/2 )
5 10F Multiplicity Classes 3 5 p-Pb, \sy=8.16TeV,- 1<y <0 @ 40-100%. 2’
 TE mmmmeeaTE T (o1 (x 1) 1 <2 ® 20-40% «2* ]
o F EEmmmerere Tl (x2) 1 (@[ ® | & 1020%.2
L e ] 107 [ofeTe®Te[ @ [ © | ® 0-10% =
— o — 31 . + X = — _
= (S ww] e B VI (x 16) = B i
C (e . E V(< 32) ] B :II'Z |
B [ | VIl (x 64) - e
101 [m]1X (x 128) _ - [efe] ®| N
= [ X (x 256) = n ° [ o I i
- . |I|INEL>0(><512) a °lote .‘E 5 °
[ (EmeEE ]y = | -2 [ -
ol W _ 10°F -
10 = - - ® ° . ]
- (N _ / dn) = 26.02 . [ el .
10_3 i I i i | | | | | | | | | | | l | L | | I | | 1 I | | | 1 | | | | | I | | 1 | | | | | 1
0.5 1 1.5 2 25 0.5 1 1.5 2 2.5
A (GeV/c
https://arxiv.org/pdf/2003.03184.pdf pT/ ( ) pT/A (GeV/C)

pp @ 13TeV p-Pb @ 8.16eV

Chiara Pinto ICHEP Online Conference 30 July 202



https://arxiv.org/pdf/2003.03184.pdf

Codleseenc@arametersVSp-/A

ALICE

[Oliinychenko PRC 99, 044907 (2019)]
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hydro + afterburner
ALICE, PbPb, 0-10%
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(central) PbPb @ 2.7deV

Chiara Pinto

A Trend withp/A in PlgPbcollisionsdescribedoy
hydrodynamiaalculationswith afterburner

b DeuteronB, from the hydro + SMASH simulation
(no coalescence, only collisions with
experimentally known deuteron cross sections)
compared to ALICE measurements inRHRbat

2.76TeV

Alsop; spectraare
reproducedby the model,
butp & dspectraare —
slightlyoverestimated

—— Hydro + decays
- Hydro + afterburner 3
--{-- same, no BB annihil.
{ ALICE, PbPb, 0-10% 1
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