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Anti)(hyper)nuclei production

ALICE

* At LHC energies same amount of matter and antimatter is
expected (ug ~ 0)

e (Anti)(hyper)nuclei measurement studies are crucial
" microscopic production mechanism

= strong implications for astronuclear physics — hyperons
expected to exist in the inner core of neutron stars

* Production mechanism usually described with two classes of
phenomenological models:

= statistical hadronization (SHM)

= coalescence
* Focus on hypertriton (3,H) production and properties in
= |arge collision systems (T, mass, B,)

= small collision systems (3,H/ A\)
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Modeling the production mechanisms 3

ALICE

Statistical Hadronisation Model (SHM) [1]

10° £ g, Pb-Pb \s\ =2.76 TeV, 0%-10% centrality =
F LK
* Hadrons emitted from a system in statistical and chemical o from the fit:
eqUillbrium 10' EF :.._..‘-.. =- Tchem= 156 MeV =
* dN/dy X exp('m/Tchem ) A ; ,2, B
3 F £
= (Hyper)Nuclei (large m): large sensitivity to T, § 102 3
© qo0ok 3 .
e Light nuclei are produced during phase transition (as other hadrons) " H -
10~ '5— ® Data from the ALICE Collaboration ;._ _§
1078 ;r Statistical hadronization —
. ;_ Total (after decays) .’%,fHe j
; -------- Primordial f ?
10_7_....1...ll....ll.l.|....|.1..|....|....-
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
Mass (GeV)

[1] Andronic et al., Nature 561 (2018) 321-330
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https://www.nature.com/articles/s41586-018-0491-6

@) Modeling the production mechanisms B

ALICE
Statistical Hadronisation Model (SHM) [1]
10° £ g, Pb-Pb \s\ =2.76 TeV, 0%-10% centrality =
S
* Hadrons emitted from a system in statistical and chemical o e from the fit:
N A :
equilibrium 10" g R Terem= 156 MeV =
10°F o8 E
* dN/dy X eXp('m/-rchem ) T r i i
a 10 f .2‘ :
= (Hyper)Nuclei (large m): large sensitivity to T, § 102 3
RERTlS 5 .
e Light nuclei are produced during phase transition (as other hadrons) : " H -
1074 '5— ® Data from the ALICE Collaboration ;._ E
10‘5;r Statistical hadronization —
10_6i_ Total (after decays) "‘.:‘He j
Coalescence models [2] Cp e Pimordal f
10 0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0
* (Anti)nucleons close in phase space (Ap < p,) and matching the spin Mass (GeV)
state can form a (anti)nucleus
e State-of-the-art coalescence models include nuclear quantum ° —
mechanical properties ° _ —

[1] Andronic et al., Nature 561 (2018) 321-330
[2] Butler et al., Phys. Rev. 129 (1963) 836
e |
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https://www.nature.com/articles/s41586-018-0491-6
https://doi.org/10.1103/PhysRev.129.836

@) The hypertriton B

ALICE

* Lightest known hypernucleus
e Boundstateofp+n+A
e Discovered in early 50s by M. Danysz and J. Pniewski [1]

"deuteron” core

* Two-body halo nucleus
. /B(H approximated as a bound state of a deuteron and a
A\ with an expected radius of ~ 10 fm [2]

"2h (npA): 4.9 fm (B,=2.35 MeV) . /E(H lifetime and B, reflect its structure
Mg () ~10 fm (B5~ 0.13 MeV) * Most of the theoretical models assume B, ~ 130 keV
and predict lifetime close to the free A one
* Latest models based on EFT give lifetime predictions as

a function of B, [3, 4]
[1] M. Danysz, J. Pniewski, Philos. Mag. 44 348 (1953)

[2] Hildenbrand F. et al., PRC 100 (2019) 034002
[3] Hildenbrand F. et al., PRC 102 (2020) 064002
[4] Pérez-Obiol A., PLB 811 (2020)
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https://doi.org/10.1080/14786440308520318
https://doi.org/10.1103/PhysRevC.100.034002
https://doi.org/10.1103/PhysRevC.102.064002
https://doi.org/10.1016/j.physletb.2020.135916

@) What can we study with ALICE? B

ALICE
PLB 754 (2016) 360-372
< IIIII | | IIIIII| I T IIIIII[ |
LARGE SYSTEMS ] T [ ¢ | ALICE Pb-Pb, 0-10%, {Sy = 2.76 TeV
* recent results in heavy-ion collisions suggest that yH ® < 5L BR-025+002 =
could be more compact than expected [1, 2] - p-Pb and high- mumphc.ty =

| pp collisions

e precise measurements required to shed light on the
RH structure

SMALL SYSTEMS

* |oosely bound nature of RH has strong implications for
its production mechanism

 SHM and coalescence predictions well separated at
low charged-particle multiplicity density

: RH production in pp and p—Pb is a key measurement to — "'1‘(')2 e "1‘(')3 '
understand the nuclear production mechanisms in HIC (dN_/dn)

— 3-body coalescence
= 2-body coalescence

—SHM, Ve =dV/dy

Illllll

1

""" SHM, Ve =3dV/dy

In|<0.5

[1] STAR, PRC 97 (2018) 054909 ‘ o -0 ‘ & @

[2] STAR, Nat. Phys. 16 (2020) 409-412
I |
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https://inspirehep.net/files/b2f729e63ef1290651d2c895240d24c3
https://doi.org/10.1103/PhysRevC.97.054909
https://doi.org/10.1038/s41567-020-0799-7

@ The ALICE detector o

ALICE |
, _ Inner Tracking System
Time O_f Flight tracking, vertex, PID at low p VO trigger, multiplicity estimators
PID via 8 (Minimum Bias: 0 — 100%, High Multiplicity: 0 — 0.1%)

T * pp, p—Pb, Pb—Pb collisions at
various centre-of-mass energies
S ESEE - * excellent tracking and PID capabilities
/’: i over a broad momentum range
‘ = TPC: 0yg/ax ~ 5.5% for pp
O4e/dx ~ 7% for Pb—PDb
- = TOF: gp,p ~ 70 ps for pp
opp ~ 60 ps for Pb—Pb
low material budget

— most suited detector at the LHC for
the study of (anti)(hyper)nuclei

Time Projection Chamber produced in high-energy collisions

tracking, PID via dE/dx
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@) Hypertriton in large systems

ALICE

Data sample: \

= Pb-Pb collisions at /sy = 5.02 TeV
collected by ALICE during Run 2

3 H candidate: 3He + 1 pairs (and related 3He
charge conjugated states)

DCA
tracks

Secondary vertex reconstruction Secondary vertex - VO

* matching of 3He + 1t tracks coming from

3
a common vertex DtCOAP\l/-|e Y Pointing angle
* Huge combinatorial background el ,.'
= topological and kinematical cuts or ’.: DCA «
Machine Learning (ML) approach Primary ' to PV
Vertex %

- | 1
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(1)_Hypertriton selection: ML approach B

ALICE
. . 2
* Boosted Decision Tree (BDT) classifier = = ws Signal pdf Training Set
trained on a dedicated sample to T .| ALICE Simulation . o\ 0ind pdf Training Set
NN . 5 10°F pp-Pb Vsyy = 5.02 TeV -
discriminate between signal and g : :Ignkal pdf:es;fsﬁt -
. T ackground pdf Test Se
background candidates =~ 10°
=
3 1071
@)

 BDT output (independent trainings for
each bin):

= Score related to the probability of the 103

candidate to be signal or background

. 104
* Selection based on BDT score:
= maximisation of the expected 10-5
S -15 -10 -5 0 5 10
significance BDT output

ALI-SIMUL-316844

I G} } b} GSh}h}h}NAN N N NN N N N N N NN NN ——————————— ]
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@) Hypertriton signal extraction & lifetime B

HLICE 120 I||IIIIIIIII|Ill||Il|l|l||||||ll|||||
¢ Data ALICE Performance
. ° —— Signal + Background Pb-Pb {s . =5.02 TeV
100
Signal extracton g signal VS

______ Background 2< ct <4cm, 0-90 %

80

e Signal extracted with a fit to the invariant
mass spectrum of the selected candidates
* high significance over a wide range 0

* 9ctbins from 1to 35cm . P
(ct = decay length of the candidate) e _

2.96 2.97 2.98 2.99 3 3.01 3.02 3.03 3.04
M (*He + ) (GeV/c?)

Counts / (2.25 MeV/c?)

60

IIIII|III|III|III|III|

lIIIIIlIlll]lIlIIIIIIIl_

Lifetime

e Corrected ct spectrum fitted with an exponential
function

Lifetime value from the fit

Statistical uncertainty ~ 4%

Systematic uncertainty ~ 3%

Most precise measurement of the lifetime ever 10
done so far T T T T T

30

T | =7 F ¥ | | I | I -7

10° ALICE Preliminary

Pb-Pb Sy = 5.02 TeV, 0-90%

1 IIIIIIII ]

dN/d(ct) (cm™)

T IIIIIIII

10?

[ ]
T T I|II|I|
1 1 lIIIIII

IIIIII|
IIIIIII_

Wl
a

o
()}
—_
o
s
a
N
o
N
o

ct (cm)

e 1
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@) Hypertriton lifetime

ALICE
Theoretical predictions
=== Nuo. Cim. 46 (1966) 786 == Nuo. Cim. 51 (1979) 180-186
* Most precise measurement — - J.Phys. G18 (1992) 339-357 ---:- PRC 57 (1998) 1595
. . PRC 102 (2020) 064002 PLB 811 (2020) 135916
* Compatible with latest ALICE and STAR PR 136 (1964) B1a0s | eI I T T T
measurements PRL 20 (1968) 819 | Il- _ o
* Models predicting a lifetime close to the PR 180 (1969) 1307 | il i
free A\ one are favoured NPB16(1970) 46| e i’ i
* Strong hint that hypertriton is weakly PRD 1 (1970) 66 } @
bound, but B, is still needed to solve the NPB 67 (1973) 269 | —IL&— o
puzzle Science 328 (2010) 58 | —enz—r—-- o
NPA 913 (2013) 170 IE:'E—I
PLB 754 (2016) 360 | —EE—I— o
T =[253 £ 11 (stat.) + 6 (syst.)] ps PRC 97 (2018) 054909 | E-a { o me - LG e
PLB 797 (2019) 134905[ : —m_ o
PRL 128 (2022) 20, 202301 E-%: o
e A . ST

> 2020 models: assuming Ba= 70 keV 0 100 200 ; 30(.) .400 500
< 2020 models: assuming Ba= 130 keV AH lifetime (ps)

| ]
chiara.pinto@cern.ch EMMI workshop (Kitzbiihel, AT) — 16 Sep. 2022



https://inspirehep.net/files/b4554da3dffdee86d0653286447c0433
https://arxiv.org/pdf/2110.09513.pdf

Hypertriton mass

ALICE

. . . . CG'\ L I L | | L I | UL | L | | I_
nge signal extracftlop technlqge and ct O _ ALICE Preliminary i
bins used for the lifetime: precise mass = " Pb-Pb {5, =5.02 TeV stat. ]
measurement needed to obtain B, S 29925 0-90% syst _

. = L 2 — ) _

= Extremely precise measurement = - x°/ndf =11 i
0.0016% stat. S - .

= Systematic uncertainty of ~100 keV 2992 2991.25 MeV/c? _
(0.003%) | ]

- = le) —

(\g 120:_ ¢ Data ALICE Performance _: i ® ]

% 100:_ — ggna:+Background Pb-Pb |5y =502TeV _ 2991 5_—' + ——

§ 80: ______ chkgmund 2< ¢t <4cm, 0-90% R | I + .

§ 60f } f T :

. 2991 —

205 1111 l | l | I | l I .| I | .| I L1
0 5 10 15 20 25 30 35

T T R T T ey A ct (cm)

M (He + ) (GeV/c?)
ALI-PREL-486366

NN NN NN N N NN NN NN NN ————— ]
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@) Hypertriton binding energy

ALICE

Ba = [72 £ 63 (stat.) £ 36 (syst.)] keV,

* From the mass measurement to B,

S 4oL - : ]

Br= M, + My — Ms,n é) 1.2 : Theoretical calculations :

= = = [ - NPB47(1972)  — PRC77(2008) i

< 10 — arXiv:1711.07521 |l EPJ56(2020) ]

* Weakly bound nature of 3,H is @ i
confirmed by the latest ALICE DBL -
measurement 0.6 — NPB1(1967) STAR(2019)

" B, compatible with zero | Ak + NPB52(1973) I o

" in agreement within 1o with Dalitz R NP #_______:
and yEFT-based predictions 0 . -

fully consistent with the lifetime
measurement according to recent
theoretical calculations [1, 2]

0
-0.2
-0.4

Illlllllllll

NPB4(1968) ALICE

® Preliminary

PRD1(1970)

ALI-PREL-486370

[1] Hildenbrand et al., PRC 102 (2020) 6
[2] Pérez-Obiol et al., PLB (2020) 811
| ]

EMMI workshop (Kitzbiihel, AT) — 16 Sep. 2022

chiara.pinto@cern.ch


https://pdg.lbl.gov/2018/listings/rpp2018-list-lambda.pdf
https://physics.nist.gov/cgi-bin/cuu/Value?md
https://doi.org/10.1103/PhysRevC.102.064002
https://doi.org/10.1016/j.physletb.2020.135916

@) Hypertriton in small systems

ALICE PRL 128 (2022) 25, 252003

Py Data Samples: %14il LI | | | L | | I L L L UL II—_
= ppat+/s=13TeV and p—Pb at 5.02 TeV S T :
collisions collected by ALICE during Run 2 § 1oL ALICE ]
o I p-Pb, 0-40%, |5, =5.02 TeV -
 3,H selection in pp: trigger on high D oL 4 0<pT<9_GeWC ]
L , QA gt t 3H+3H ]
multiplicity events using VO detectors + =t o |A Sokaround
. . B — olghal + backgroun .
topological cuts on triggered events B 8- vl | Bjckground ) -
e 3,H selection in p—Pb: 40% most central 5 e -
collisions + BDT Classifier - \ N
4— - s
e Significance > 40 both in pp and p—Pb 5 / “h\ 1 1 :
| | | | | | | | L 111 | 1 1 Jl 1 111 ‘ I‘ I’I | | 11| I:

296 297 298 299 3 3.01 3.02 3.03 3.04

M(He + ) + M(*He + =*) (GeV/c?)

]
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https://arxiv.org/pdf/2107.10627.pdf

@) Hypertriton production

ALICE

<
~
I
N <

152

10°°

T T 1T

IIII| I I IIIIIIl ! I IIIIIII T

o | ALICE p-Pb, 0-40%, {5,y = 5.02 TeV
= | ALICE Preliminary pp, HM trigger,{s = 13 TeV N
[# ] ALICE Pb-Pb, 0-10%, {5, = 2.76 TeV d

B.R.=0.25+0.02

~— 3-body coalescence

llllll

~ 2-body coalescence
— SHM, Ve = dV/dy
- SHM, Ve = 3dV/dy

lIlllllI | Illlllll |

10 10? 10°
<chh/d 77>|77|<O.5
‘ o— —0 \ & <0

,?{H/A ratio provides a powerful tool to investigate
nuclear production mechanism

Pb—Pb collisions:

= small difference between SHM and coalescence

predictions
pp and p—Pb collisions:
large separation between production models
good agreement with 2-body coalescence
tension with SHM at low charged-particle
multiplicity density
configuration with V. = 3dV/dy is excluded by
more than 6o

p—Pb: PRL 128 (2022) 25, 252003
Pb—Pb: PLB 754 (2016) 360-372

chiara.pinto@cern.ch
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https://arxiv.org/pdf/2107.10627.pdf
https://inspirehep.net/files/b2f729e63ef1290651d2c895240d24c3

@) Summary

ALICE

¢ ,?{H production in large collision systems
= precise measurements of lifetime and B, in Pb—Pb collisions confirm the weakly bound

nature of xH

° ,?{H production in small collision systems
= powerful tool to distinguish with high significance between the two nucleosynthesis

mechanisms: hint for coalescence
. IB;H/A ratio can be used to determine the radial extension of the hypertriton giving the
source size as input of the coalescence model

® Light (anti)(hyper)nuclei production mechanism still not completely clear
= stay tuned for new results with the upcoming LHC Run 3!

>
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@) Nuclei identification

ALICE
Low p region (below 1 GeV/c) = PID via dE/dx measurements in TPC

—r
OOO

pp
Vs=7TeV

=
©

o
N

o
o

-~ ALICE performance

=
o2}

dE/dx in TPC (arb. units)

PP s =13TeV

o
[$)

IIIIIIIIIIIIIIIIII-IIII‘I

11'.:‘: PRI ."1-'1'~J IR R

L 0.5 1 1.5 2 2.5 3 3.5 4
1 11 1 l 1 1 1 1 1 1 1 1 : l 11 1 1 l 1 1 l 1 1 1 1 p(GeV/C)
D 1 0 1 2 . . |
Phys.Rev.C 93 (2016) 2, 024917 p/z (GeV/c) Higher p region (above 1 GeV/c) - PID via

velocity B measurements in TOF
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ALICE

1.2§- p/m

(] —
0.8}
0.6}
04l ./

Ratio to the GCE limit
N

0.2}

PRC 100 (2019) 054906

ALICE
* p-p,7 TeV
= p-Pb, 5.02 TeV

+ Pb-Pb,2.76 TeV |

0.6f
04f /

Ratio to the GCE limit

L/
0.21

Vanilla CSM
T =155 MeV

——V_ =dV/dy
- — V_=3dVidy
—-—V,_ =6 dV/dy

0.0 s

10° 102 10°

dN /dy

Vanilla SHM predicts the yield of hypertriton but
underestimates the yield of Lambdas

Q - T T LI N B B O | I I T LI B | I T T T TTrTT I T —
~ a CSM (Thermal-FIST) (c) -
- —T=155MeV, V_=dV/dy i
™ < oS LT =155 MeV, V, =3 dVidy B
0 F —-T=170MeV,V_=dV/dy _.—-— — "~ ~ 7 T 7 7 7°7 E
- . W L
- ‘ /: --------------------- 1 —
i P i
107 4 E
= o 3
B y :
u e i
107 E; “ =
¢ E
C [¥]ALICE, BR = 25 %, Pb-Pb |5, =2.76 TeV ]|

1 0—8 | | | | | | 1 1 1 | I 1 | | | I 1

1 10 107 10°

dN._/dy
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ALICE PRC 100 (2019) 054906
0.06 e et

gammaS*-implementation of SHM predicts _
also the yield of Lambdas, for all systems | Al

This implementation of SHM: 0.04 L | ./:‘:\ i
' ' o
“ _

* incorporates the incomplete equilibration of _ ’//_—\\f\.
strangeness by introducing the strangeness _ f

saturation factor gammas |
e accounts for the multiplicity-dependent 002 L |
chemical freezeout temperature _ ——1v,CSM, V_ = 3 dV/dy
® p-p,7TeV
= p-Pb, 5.02 TeV
¢ Pb-Pb, 2.76 TeV
000 L1 s el el s el L
10° 10’ 10¢ 10°
(dN_ /dn)

I —
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Light (anti)nuclei in small systems (l)

ALICE

Eur. Phys. J. C (2022) 82:289

S
g - """os.,,’ (p+P)/2
= 40° @
e /M‘_ —P= o—
%D'- 10 :j Org. -o-:*a.__':‘q
% ] - . ‘:j.i-—’Q—\-_-._\
1_I 3 1 ’0 e : 2® s = *\_:.':
Vs .~ b ¥ S g RO \777— -
10" 'j-.'**wf’ e T
'.S.,_._*:_’k%f_,\‘ ~ut
10° s St e
o P
03 -0 =

1
%

(o]l (x2% [e]l(x27)

— —
o
| i |
SN
/

o (x 2°) IV -V (x 2°)
VI(x 2% o]Vl (x 2%
o v (x 22) [e]IX (x 27
[e]X (x2% [e]INEL>0 (x2'°)
- - Levy-Tsallis
g0 brn b b b b b by

00 05 10 15 20 25 3.0 35

pp @ 5.02 TeV

[ (GeV/c)

pr spectra fitted with Lévy-Tsallis / mr-exponential function = extrapolation to unmeasured regions

107%

107

00 05 1.0

107

% $ N
N N »
A N
N
N
< N
N
~

\ N L
llllIlllllllllllIllIIIllIll\Jlllllll -13

e

10
1.5 20 25 3.0 35

P (GeV/c)

107k

10+ -
107" :

1072 -

== (He + *He) /2
- -

ALICE

pp, s =5 TeV, |y|< 0.5
ol (x 2

o ]IV-X(x29
[®]INEL >0 (x 2°)

- * my-exponential

[ (GeV/c)

N

3He

0.0 05 1.0 1.5 20 2.5 3.0 3.5 4.0
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@) Model comparisons in small systems

ALICE 107 <107 Eur. Phys. J. C (2022) 82:289
35-0 AAS RERES RASES BRARE SRLLE REAEES BERSE RSP AELEE R b= I - SELES SEERE LA i B S RS SR AR .
o 45F [@Jp-Pb,\s, =5TeV [slpp, Vs=7 TeV = % 14E  Thermal-FIST CSM g

3:5 N - - —T,,=155MeV, V. =1dV/dy E
30 =00 aeemeEmmm i TETTTT 3 - Coalescence, r( °He) = 1.76 fm .
2.5 - 8fF —Two-body __----m77 =
' = - — Three-body PR Z
2.0 = 6 =
1.0 _; 4:_ =
05 1 °F F
00 a 0 B 2
0 53 10 99 20 286 30 35dN 4/(()1 45 50 N
( ch n|ab>lnlabl<0-5 ( ch nlab>|nlabl<0.5
o — @ = — @

* Light nuclei production seems to depend only on multiplicity = smooth transition across different
collision systems and energies

* Coalescence favored in d/p integrated yield ratios

* Results challenge the models for A=3 nuclei
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@) Characterization of emission source
ALICE

* If the interaction is well known, hadron-hadron

correlation can be used to test the emission :_% 1.4 =
source g E «i S ALICE PP E =13 TeV E
S R High-mult. (0-0.17% INEL > 0) 3
e Assumption: particle emission from a gaussian 10 E_ 1 i S - Q al I‘_§§i§n_ 3. ,Fjg sonance §9!!ng _E
core source - i = 1 ]
11 F "l 3
e Short-lived strongly decaying resonances - S-—X = ]
(ct < 10 fm) also taken into account: mainly A 1 E = = =
(2*) resonances for protons (A) C \\ S =
09 F B=PP = ~ =
 Same m; scaling obtained from both p-p and p- - % p—A (NLO) *\ ]
A correlations 0.8 | =
= [= 1 pALO) %\\ -
I/:”’\rCC:fé\ b \\\ 0.7 : | N T TN T YT TN WO NN TN WY W NN TN SN TN AN U NN M NN 1& T | 1_I

ey g— 00— 1 12 14 16 18 2 22 24 26

X I (m_) (GeV/c?
\’\:\ , ,// // T> ( )

PLB 811 (2020) 135849
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@) Light (anti)nuclei in small systems

ALICE
1:__' [T I I I | I I I I | I I I I | I I I I | I ]
§ ALICE Preliminar (0] 0-100 % - 2 |
2 107" Y e010%-2 (@
0, ; p—Pb, \ Sy = 8.16 TeV 10-20 % o 2 ; :
Py i @ 20-40 % 1 ¥
o | et e 40-100% @D
2 g 8= - Lévy-Tsallis
5 1072E e =
= - o L S - -
S T = i - o o
Ql B -
O H R
E n : .
2100 ewwa e
— i “e= ——e=
H %E.QE.: = N
B 9o, Ce ]
e A:~..;’I~ \\\ -
107 == =
- — e ) ]
s (d+d)/2 ]
- ‘f ! ~_
i | | | | | | | | | | | | | | | ~I‘\ | | | | | I\-
0 1 2 3 4
P, (GeV/c)

p—Pb @ 8.16 TeV

* p;spectra fitted with Lévy-Tsallis function

= Extrapolation to unmeasured regions

.a.rx.iv:.21|09.'1.3(.)2.6v|1. e pp @ 13 TeV

S (*He+°He)/2 1
asaden = = =10
8 " =@ =
= ‘ oo .
> [ 8= _
- - T8 =
%U»— ===} = @
-] 3 S T .
< \.ﬁQ\:\ = 10
pp, s =13 TeV S G -
[®]|HM o]VB A 100
MB | ®|MB I E
- - Lévy-Tsallis _: 101
llllllllllllllIllIlIllllIllllIllE
P (GeV/c)

chiara.pinto@cern.ch

EMMI workshop (Kitzbiihel, AT) -

16 Sep. 2022



ALICE

i C Thermal-FIST CSM (PLB 785 (2018) 171-174), T = 155Mey 2
+ 0005__ N \/Ce= BE::iV/dy — V,=dV/dy " ) -
9; ~ —Coalescence (PLB 792 (2019) 132-137) 7
© 0-004:_ Multiplicity Classes: .._———_;
—  VOA (Pb-side) for p-Pb T =
[ VOMforppand Po-Pb .- | H # N
0.003— H gl ]
B Bl -
_ Lot m pp, 7 TeV ]
0'002: pp, 13 TeV .
N + Pb-Pb, 2.76 TeV i
0.001— ] Pb-Pb, 5.02 TeV (Prel.)
OV ) p-Pb, 5.02 TeV -
@ p-Pb, 8.16 TeV (Prel.) -
0 1 1 1 I 1 11 II 1 1 1 1111 || 1 1 1 1111 || I} 1 |

1 10 102 10°
<dNch / dn|ab>|nlab|<0.5

Ratio to protons — models comparison

Ratio to protons
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CSM (Thermal-FIST), T = 155 MeV
— V,=dV/dy ----V,=3dV/dy
Coalescence

- - - Three-body -~ Two-body

[®] °He + °He, p-Pb, 5.02 TeV

[®] °He + *He, p-Pb, 8.16 TeV (Prel.)
2 « °He, Pb-Pb, 2.76 TeV [¢] 2 « °He, Pb—Pb, 5.02 TeV (Prel.)
2 « *He, pp, 7 TeV [®] 2 « *H, Pb—Pb, 5.02 TeV (Prel.)
®H + °H, p-Pb, 5.02 TeV  [¢] ®He + ®He, pp, 13 TeV (Prel.)

[w]
[¢]
[0]

10°
(N _/dn )

ch

10 10°

* Smooth transition across different collision systems and energies
* Light nuclei production seems to depend only on multiplicity

* Results challenge the models for A=3 nuclei
.
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@) S, in small systems

ALICE

* S;:strangeness population factor
(*AH/?He)/(N/p)

* S;in small systems:
= same conclusions as for 3,H/A
but with a lower sensitivity
= LHC Run 3 will be crucial to finally
distinguish between SHM and
coalescence and explore the
multiplicity dependence of S;!

arXiv:2107.10627
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| » | ALICE p-Pb, 0-40%, |'s, = 5.02 TeV
= | ALICE Preliminary pp, HM trigger,/s = 13 TeV
[ ¢ ] ALICE Pb-Pb, 0-10%, {5, = 2.76 TeV

~ 3-body coalescence

= 2-body coalescence

— SHM, Ve = dV/dy

=== SHM, Ve = 3dV/dy
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https://arxiv.org/abs/2107.10627

@) Statistical models

HLICE | | | | | | | j
) . .. 108 EX Pb-Pb S = 2.76 TeV, 0%-10% centrality
 Hadrons emitted from a system in statistical - W V3
. ope . 102 '.' =
and chemical equilibrium . P 4 -
101 e o
: = -
* dN/dy < exp(-m/Tm) ol - _
3 o E
— E ‘~.\Q :
= Nuclei (large m): large sensitivity to T .., z 0k 4 .
o - -, .
. . . = 102
* Light nuclei are produced during phase g E
transition (as other hadrons) 10 TdHe
1074 E? ® Data from the ALICE Collaboration ;.,

e Typical binding energy of nuclei ~ few MeV
(Eg ~2 MeV for d)

1075 E Statistical hadronization

Total (after decays)

4
E -------- Primordial

= how can they survive the hadronic B T A S S P S S
0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0

phase environment? Mass (GeV)

Particle yields of light-flavour hadrons
described over 9 orders of magnitude with a

common T, =~ 156 MeV
Andronic et al., Nature 561, 321-330 (2018) G
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Coalescence models puter et l Phys. Rew 129 (1963) 836

ALICE
* If (anti)nucleons are close in phase space (Ap < p,) and match the spin
X state, they can form a (anti)nucleus
° . 3 * Coalescence parameter B, is the key observable
A
d>Ng d3N
Bao}) =Ea S (B, T2 )
(pT p P dpf; pr=pf/a
;PRC 99 (2019) 024001 * Experimental observable tightly connected to the coalescence probability
3PpiLclgzs (‘jg’ff)’(};j;’fj Larger B, <= Larger coalescence probability

Coalescence probability depends on the system size

/O Small distance in space @ Large distance in space
(Only momentum _ - (Both momentum and
correlations matter) @ space correlations matter)

< large Ba < small Bi
ppl, p—Pb2: ro=1-1.5 fm Pb—Pb3: ro= 3-6 fm
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