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2015, same vvorkshop

Nuclei productlon thecretmal approaches

Thermal models g0, ot e
* Hadrons emitted from the interaction region in : ? N -5-*He, e 7
statistical equilibrium when the fireball reaches AN
limiting temperature g 10 A S T
- Abundances fixed at chemical freeze-out s e,
* Freeze-out temperature Ichem IS @ key parameter - |
« Abundance of a species «exp(-m/ Tchem): 0'p
= For nuclei (large m) strong dependence on Tchem :Z -/
A. Andronic, P. Braun-Munzinger, J. Stachel and H. Stoecker, ’MN - 11:32

Phys. Lett. B6O7, 203 (2011), 1010.2995

Coalescence models

P y * If (anti-)baryons are close in phase space after the
Kinetic freeze-out they can form a (anti-)nucleus

 (Anti-)nuclei produced at the chemical freeze-out
might break and re-form during the time between the

A, chemical freeze-out and the kinetic freeze-out.

¥ J. . Kapusta, Phys.Rev. C21, 1301 (1980)

M. Puccio - (Anti-)(Hyper-)matter production at LHC with ALICE - EMMI Workshop 2015

.
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... and if you look at the latest
ALICE talks on nuclei you get very
similar overview of the theoretical
models:

- Coalescence/thermal model
dichotomy

- Many new theoretical
developments since then

- CSM

- Phase shifts in the thermal
model

- Transport models
- Educated coalescence

What do new data tell us?



mailto:mpuccio@cern.ch

Inner

VO 2 Tracking
& System
T
Time
§$ i Time
gnt Projection
Chamber

* General purpose heavy ion experiment

» Excellent particle identification (PID) and tracking capabillities + low material budget

=Most suited detector at the LHC to study the (anti-)(hyper-)nuclel produced in pp, p-A and
A-A collisions
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* At pr < 1.2 GeV/c the specific
=04e/dx~6.5% (in Pb-Pb collisio
* (anti-)3He well sepa
*Raw yields extracted for eac
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P

* At higher pr the PID Is performed using TOF to measure the (3 of the particle.
=0OTOF-PID~ 89 PS IN Pb-Pb collisions
=oT0F-PID~ 120 PSs In pp collisions due to the lower precision on the event start time
* Raw vields extracted for each pr bin from the TOF mass spectra fit
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(ANti- )deuteron V2 and ‘s‘pectra |h' P Pb

ALICE, 10.1140/epjc/s10052-017-5222-x

Elliptic flow was measured using - N ata  Combined
the scalar product method s Samtan ¥ CanWweR
| = Pb-Pb | s, = 2.76 TeV ° o
* Particles measured by VOA S 04 *P+p
g 0-10% 10-20% e =pap
(28<n<s5.1) and VOC (37 <n<-1.7) . , Predicted '
as reference. d+d J,.---."‘-- J -
» Deuteron candidates are the - : e
narticles of interest (|n|<0.8) 0.1
,-' s 20-40%
<un77/(pT777) ) ]\}L> S 1 ]
Un{SP} — = = é e
\/< n,A . TL,B> I A o ‘o C
M A Mpg S : »‘ﬁ%f ¢
1 2 3 i 5 6 1 2 3 4 5 6 1 2 3 4 5 6
p. (GeV/e) P, (GeV/e) P, (GeV/c)

The Blast Wave model, fitted to the spectra and the v2 of pions, kaons and protons reproduces
reasonably well both the v2 and the spectra of deuterons

=Hint for a common kinetic freeze-out with lighter particles
1E. Schnedermann et al., 10.1103/PhysRevC.48.2462; STAR, 10.1103/PhysRevlLett.87.182301
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" 10°E ¢ ALICE Preliminary, \s,, = 5.02 TeV, 0-10% D °OF -
LQ F o (T'+T)/2 (K*+K)/2 = = -
> OF o (P2 o d e 2F . —=
O oL ' o °He o 1 S N =88
f = *31:&#0 “He ---- Combined Blast-Wave fit g 1'5: E-Em
> 1 - : ==
-O 1§ 1_ o M M M M W M W W W EmEmEEmmmm mm
- . F - ALICE Prellmlnary Vs = 502 TeV, 0-10%
% 107 - o (T'+m)/2 (K*+K')/2
=~ = 0.5 ® gp+p)/2 o d
2 10—2_? — o & O t
S E = . . e  ‘He .  ----- Combined BlastWavefit
510° = = =
= © [
< < S 2f
+~ 10 = g - —9 ®
- S L
. 8 15F
0E = = e o ¢
107 1 oo Ste e L
107 = 0.55 9 * = ===
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P, (GeV/c) p_ (GeV/c)

- First measurement of (anti)alpha pr spectrum
- Common Blast-Wave fit to light flavoured particles gives
+ Decent description of the observed spectra at the low-intermediate transverse momenta

- Similar to what is observed in Pb-Pb 2.76 TeV
- Is this enough to claim a common freeze-out surface?
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The v2 of 3He was measured
using the Event-Plane method:

1. Reconstruction of the Event
Plane (estimator of the
Reaction Plane)

2. Vo computed as:

L Nin—plane — Nout—of—plane
RZ 4 Nin—plane =+ Nout—of—plane

Rz is the event plane resolution
Out of plane

Vo =—

In plane

I b o
.0
*
R
*»
*
*
*

mpuccio@cern.ch - (Anti-)(Hyper-)Nuclel production at the LHC - 02/12/19

arXiv:1910.09718
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- The overall agreement of the Blast-Wave' fitted to lighter species

prediction for 3He Is better in the most central collisions

- The simple coalescence expectation (red points) gets closer to the

measured 3He for 40-60% centrality

E. Schnedermann et al., 10.1103/PhysRevC.48.2462; STAR, 10.1103/PhysRevLett.87.182301 8
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Testing coalescence’ the coaldscence parameter

I 1 | | | I I I | | I | I | | I | I I I | | I I I ] |
/

—o-d, ALICE pp \s =7 TeV
EPOS (LHC)*
-----PYTHIA 8.2 w/o CR (Monash)*
-- PYTHIA 8.2 (Monash)*
0.03 -~ Event mixing*

* with afterburner

The coalescence parameter
for a nucleus 7 with A
nucleons is defined as:

B, (GeV?/c®)
o
o
=
I 1 1 | I

llllllll

E B3N, 5 ? ‘ | :
deuterons d dp? i /W//{ + :
: L[ :
: 0.021- B e :
— ... 7T ‘:'-./:_‘:/"/ ]
:_— _______ ®lol®® ]

Simplistic coalescence e |

Flat coalescence parameter L
vd2(pdT)=2Vv2P(2pPT) -

llllI‘

| | | | | | | | | | | | | | | I | | | | | | | I | | | | |

0.4 0.6 0.8 1 1.2 1.4 1.6
pT/A (GeV/c)

Flat coalescence parameter in pr Is not observed in MB pp collisions
» Coalescence afterburner on top of QCD inspired generators describes both B2 and Bs
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Testing coalescence’ the coaldscence parameter

10.1016/j.physleth.2019.05.028

The coalescence parameter

c , . A | I b I L L I | I I o I L I | I | I I L
Oor a nucleus / with A mi) ~ VOM Multiplicity Classes ALICE l
nucleons is defined as: > . :ﬂ':,f;;) pp, \s =7 TeV ]
A 8 1= ¢ V4V (x4) d+d =
3 3 — + =
o d° N, _p. (= d° N, ~ - A VI+VI (x8) .
) 3 A p N C
dp: dp% A ~ & VII+IX+X (x16) ]
d°N I ]
deuterons Fiq dp3d CHF | * 5 * 4 y
3 10_15— AAAR za s TaTalAlA] A E
Simplistic coalescence I = ]
i Y Yy {Yiv(v[v] Y 1
Flat coalescence parameter P | oo 1 o
/dp(p)=2voP(20PT) 10 ; oo g0 ® o0 :
I_I | L1 1 I L1 1 | L1 1 | L1 1 I L1 1 | L1 1 I L1 1 I 1 I—

02 04 06 08 1 12 14 16 1.8
Flat coalescence parameter in pr is not observed in MB pp collisions p./A (GeV/c)

» Coalescence afterburner on top of QCD inspired generators describes both B2 and Bs
Sut the observed rise In MB collisions is not seen when looking at the B2 In multiplicity bins

mpuccio@cern.ch - (Anti-)(Hyper-)Nuclel production at the LHC - 02/12/19 10



mailto:mpuccio@cern.ch
https://arxiv.org/ct?url=https%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.physletb.2019.05.028&v=73ffaa8b

Testing coalescence’ the coaldscence parameter

10.1016/j.physleth.2019.05.028

The coalescence parameter

Flat coalescence parameter
vda(p91)=2Vv2P(20PT)

-:Or a nucleus I,With A g : | I 1 1 | I | | 1 l | | | I 1 | | I I 1 | | | I | I | :
nucleons is defined as: > -~ ALICE -
P3N BN A 8 0.04 _ anti-deuterons, pp INEL, \s =7 TeV -

L; g - = Ba (Ep g Sp) e e B,,PRC 97 (2018) 024615 .
pi pp m - . -

3 = 0.03 N B _

E d Nd m e —

deuterons d7g,3 i + + : ® =
0.02 o|** + B

i oo ]

Simplistic coalescence L d
0.01— —

04 06 08 1 12 14
Flat coalescence parameter in pr is not observed in MB pp collisions p/A (GeV/C)
» Coalescence afterburner on top of QCD inspired generators describes both B2 and Bs
Sut the observed rise in MB collision is not seen when looking at the B2 In multiplicity bins
* The rise in MB (partially) comes from the change of the proton spectra shape as a function of multiplicity

—h
m.—
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Testing coalescence’ the coaldscence parameter

f

The coalescence parameter ALICE-PUBLIC-2017-006
i, i \ C',)-\ | | I | | | | I | | | | I | | | | I | | | | I | | | | | | |
for a nucleus / with A © [ Pb-Pb\s,=5.02TeV i

nucleons is defined as: 8 ° 0-5% * 5-10% 10-20% 20-30%
' 8 107 30-40% 40-50%  © 50-60%  ® 60-70% =
d3 NV, d3 N A —~ F e 70-80%  © 80-90% © ppINEL \s=13TeV .
E’L 3 — B A Ep Sp QQ — 3 Q INEL normalisation uncertainty: 2.55% —
dp’L dpp B ololoToTo o9 Q -
1072 = I8 : =
EqLh = sl E
deuterons d7g,3 - o_.o.-':T,o..',%,.w a
— — oo © ol ojolo | ® |2 N
B ool ® o © ‘ |
= ®

0°E BERAEHC S ———
Simplistic coalescence - e oo ALICE Preliminary -
Flat coalescence parameter J deuterons, | <0.5
1074 =
| ] | ] ] I ] | ] ] ] ] | ] | ] ] | ] ] ] ] I | ] ] ] | | [~

vda(p91)=2Vv2P(2pDPT) 0.5 1 15 > 2.5 3

pT/A (GeV/c)

In general, simplistic coalescence does not describe ALICE deuteron measurement in Pb-Pb collisions.
* Fine centrality binning: the proton spectra does not change within the centrality bins considered
* Flattening of the B2 in peripheral collisions
- System size dependency in the nuclei production mechanism
= High pr -> small emission volume -> higher coalescence parameter
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Unifieo descrlpt oh' of : C1eosynfheS|s at Co\hder’?

107 ¢ | e —— The coalescence parameter evolves
- — Eq. i . . s .
i P ISR 53 GeV /3 : smoothly as a function of multiplicity
- % 1 pp Serpukhov 11.5 GeV Vs i . . . . .
I § 71 pAl/Be SPS 200-240 GeV puy - with no discontinuity between different
- \ L1 pBe FNAL 300 GeV p;, i . .
_ N 2 pTi FNAL 300 GeV pi _ colliding systems
E=1 pW FNAL 300 GeV py ] .
© © PbPb central ALICE 2.76 TeV /5 high - Another hint of a system size aware
10-2 B & & PbPb central ALICE 2.76 TeV v5 low p, | . .
— " @ & PbPb off ALICE 2.76 TeV v5 high p, i pI’OdUCtIOn meChan|Sm
™ - © © PDPDb off ALICE 2.76 TeV V5 low p, i
2 I o0 ey T This behaviour has been qualitatively
© described by parametrising the
5 i coalescence parameter using the
1073} system HBT radius R:
E B 9 2' —3/2
i B R b
_ 2 o068 | (BP) o ( b
I + GeV 1tm 3.2 1fm
i ' where the numerical factors come from
4 ppI PA | | AA | | : :
10 ; - . . ; : - approximations of the nucleus and
nucleons sizes
R[ fm ]
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Unifieo descrlpt oh' of : C1eosynfheS|s at Co\hder’?

The coalescence parameter evolves
smoothly as a function of multiplicity

N T L with no discontinuity between different
N ; ALICE Preliminary colliding systems
O - , — _ : :
G 10°F LETT) s p/A=0.715GeVie = . Another hint of a system size aware
& [ - ’@H N production mechanism
- »%d,pp, Vs=13TeV u :
" [eld+d. pp, V5 = 7 TeV ; 1 This behaviour has been qualitatively
10° & [¥]d+d, p-Pb, S,y = 5.02 TeV 4 — coalescence parameter using the
- Multiojicity Cla 9 1 system HBT radius R:
- VOA Multiplicity Classes (Pb-side) P - y :
- - - - —3/2
_ [=|d, Pb-Pb, \s,, = 5.02 TeV EB - By, ) 06 R(pr) 2 Y by 2
- [+]d, Pb-Pb, {5 = 2.76 TeV (PRC 93 (2015) 024917) - Gov2 1 fm 2\ 39m
107 ———— 1'0 —— ""1'(')2 —— ""1'(')3 ' where the numerical factors come from
AN, 7dn ) approximations of the nucleus and
lab '

nucleons sizes
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Unifieo descrlpti?onof naideosynfhesis at CoHlder’?

arXiv:1910.14401

10— —— | € COaléscence parameter evolves
© — = . NI
O = \ 1 smoothly as a function of multiplicity
~ ‘ /A =0.90 GeV/c - . . _ :
S S \\ Pr 1 with no discontinuity between different
8 {04 s - colliding systems
~ - 1+ Another hint of a system size aware
M sl " 1 production mechanism
- 1 This behaviour has been qualitatively
- B, coal., r(He) = 2.48 fm .. 1 described by parametrising the
10° = ... fit to HBT radii = coalescence parameter using the
- — constrained to ALICE B, \ 1 system HBT radius R:
- o, = _ -~ —3/92
{07 SHM + Blast-Wave (ALICE m.,K,p) “d B e [(BOOY L ]
- — . GC GSl-Heidelberg (T = 156 MeV) 3 Gev? 1 fm "~ \ 3.2 fm
i CSM (T = 155 MeV) - - '
- AT T T where the numerical factors come from
10 3 10 102 E approximations of the nucleus and
(dN _/dn ) nucleons sizes

ch lab |77|ab| <0.5
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The standard modelof p'artlcle ‘Broduction in A-A?

nt+nm K+K KO K*+R~
s

il e SN oo P H+H e @ @ 1he Iarger. data sample

> T collected in LHC Run2 and

10" e 1| ALICE Preliminary, Pb-Pb V5, =5.02TeV, 0-10% . |  improved reconstruction and

- e e e iamei g i i+ 1+ &+ analysis techniques reduced
I a0 0 ¢+ 7 theuncertainties.

o' FF i i b i deser 01 4. The tensions with the thermal
- ok Not in fit E : : : : : :BR = 25% : : = . .
] | ] : 5 5 5 f ; model fit to our new preliminary
Model T (MeV)  V (fm°) X?/NDF |: I e i )
— THERMUS 4 152 +2 7832 + 484 58.8/11 | = = ' ' I results are now Iarger due to

-5 L : = . -
107 F |... GSl-Heidelberg 153+2 7260 +410  41.6/11|' g § g .1 the smaller uncertainties
- |-+ SHARE 3 153+3 5211+ 703 51.7/11 |: : é : '

dN/dy

THERMUS 4 5.70

4’¢+_ GSl-Heidelberg  4.30

0.5 F =
e s s e e I : SHARE 3 5.00
S S SO S S Bt NS JOON BN 9 SO SO el RO OO
1 s yrye - TTEECT L Y N PP i N L e . ::_

(mod.-data)/c .. (mod.-data)/mod.
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arXiv:1910.14401

— 0.006 —

B 1T 1T 1T 11 I ] | | | | L I | | | . (D T T 1T I | | | 1T T 11 I | | | UL I |
16} - 1 B i .
* [ [#)p-Pb. sy, =5.02Tev. ALICE Preliminary | @
2 o5 VOAMutipiicity Classes (Pb-side) - >10°EF s % =
~ — [M[Pb-Pb, s, =5.02 TeV : - =TT — B
'CC\IJ - ’lep,G=7TeV ) W - _9 E e ‘@‘ | = ]
0.004— [%|pp, Vs = 13 Tev - ' — © : ek CSM (Thermal-FIST) T
_ VOM Multiplicity Classes b od Ut A _ 8 i — T =155MeV, V,=dV /dy
B M i i ] = 4076 -- T=155MeV, V., =3dV /dy _
0.003— s LU - — = Coalescence =
- BB i ~ 5 - - Three-body ]
- m | 7 o -~ Two-body ]
0.002— 197 4 = ]
- l_i}?sf | #|Pb-Pb, |5, =276 TeV (PRC 93 (2015) 024917) | .  (He +°He)/(p + ), p-Pb {5, =5.02TeV (1< y <0
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* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?

mpuccio@cern.ch - (Anti-)(Hyper-)Nuclel production at the LHC - 02/12/19

hermal model with canonical suppression gets the rise of

the nucleus/proton ratio


mailto:mpuccio@cern.ch
http://arxiv.org/abs/1910.14401

,, o = 7 ’ A B “(‘ / '/ . EAV R T \ o W) AN » 7 P\ | 1// AT K e R e
Unified d t f Wicleosynthesis at collider?
NITIE escrlp IOﬂ O C eosyIninesis at Conlder :

Phys.Lett. B785 (2018) 171-174 arXiv:1910.14401

ao'oos_ ' ' ITIII] ! ! ! TIITII ! J IIVIII — (D | | lllI | | I | lllll | | | | llllI |
| " CsM (Thermal-FIST) (a) - S ) |

+ - —T-155MeV,V =dVidy .. . [©

o 0.005/- e =Y T =10 eeecesssesee ———
=2 - - T=155MeV, V_=3dVidy _.- " |, . - i = e I
~ - —-T =170 MeV, V, = dV/dy, -~ | | - D - T AT 5
Q 0-004 ' ] © - 77% ‘ CSM (Thermal-FIST) -
S ARy . Per v i = : — T =155MeV, V,=dV /dy
5 - QO sl - T=155MeV, V,=3dV /dy _
0.003} i < 107 [- Coalescence -
- ] = - - Three-body -
0.002 - e -.- Two-body 1
» |ALICE, Pb-Pb, \'s,,, =2.76 TeV - o _ T

ALICE, pp INEL\, {s=900GeV - o 107 * (He+He)/(p + D). p-Pb {sy =5.02TeV (-1<y,, <0)
0.001 v]ALICE, pp INEL, {s =2.76 TeV - = 8 20 He/(p+P)PbPb (Suu=276TeV (ly, | <05) :
“]ALICE, pp INEL, {s = 7 TeV - = 4 2+%Fe/(p+P)pp 5 =7TeV (ly,, [ <05) -
O el 1 g el ] ool L — O (3H+3H)/(p+5),p—PbVST\IN=502TGV(—1$}/0ms<O) —

1 10 102 103 | L1 1 I1IO | | 1 1 L1 l1l I02 1 | | 1 L1 l1l I03 1

dN./dy dN /dn

< ch | b>I77 | <0.5

* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?
* Thermal model with canonical suppression gets the rise of the nucleus/proton ratio
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* |s this smooth transition suggesting a single description for the nucleosynthesis in HEP?

* Thermal model with canonical suppression gets the rise of the nucleus/proton ratio
 However the proton over pion ratio does not show any increase with multiplicity

» Advanced nuclei coalescence can describe the d/p ratio but struggle with the Z=2 nuclel
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Anti-nuclel relevance iIno

K. Blum et al., 10.1103/PhysRevD.96.103021
F.Donato et al.,10.1103/PhysRevD.62.043003

: [\Ko\f (h QO&l@ ,

» Long standing prediction: anti-nuclei as unambiguous probe of dark matter annihilation in the
universe

» Main background: secondary production from ordinary matter collision (what we measure!)

» Large uncertainties though on the propagation of these antinuclel
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Anti-deuteron. iMeman i Riees e tion

Second ingredient: anti-matter inelastic interaction
cross section at low momentum with ordinary matter

- Required to constrain transport of both primary and

secondaries through the galaxies / =2
@h*x W gl

- Measured only at high momentum in the 70s ‘\_ T
s 'FEnmT E
« 09 E_ ALICE Preliminary —
< osf p—Pb | s, = 5.02 TeV =
o 0.7 ;_ — ¢, ,(d) Geant4 _g
0.6 F —— 6,,,(d) ALICE t1o E
0.5 = — 0,,(d) ALICE £20 _E
= o (d) (Nucl. Phys. B31 (1971) 253) 3 :
0.4F T 3 Idea: use the ALICE detector as target material
22_ 3 - Use full GEANT4 transport, scale to determine Ginei(d)
1 1E —~——*——= - Obtained limits on the cross section down to ~0.5GeV/c,
oE g 1 far below the previously measured cross sections
1 10
p (GeV/c)
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Hypertriton Ilfetimé n th‘é hlgh preC|S|on era

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration measured its production in the
charged 2 body decay channel.

e \H —° He + 71~
positive track

negative track

3 —
\H—=d+p+m ‘He
*H—>d+n+ 7"
secondary vertex vO ,“' 9
Signal Extraction: PiF i
y ,s kS
- |dentify 3He and Tt ]
. . positive daughterdca _ -~ é$ /
- Evaluate (SHe,m) invariant mass ¥/ © / pointing angle

- Apply topological cuts in order to:

- Identify secondary decay vertex

- reduce combinatorial background
- Or... train a ML discriminator
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primary vertex ,

negative daughter dca

24



mailto:mpuccio@cern.ch

= S, G 7 r LS, ;-/. \»

Hypertriton lifetime in tAe high!pr
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eclsion era

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration measured its production in the

charged 2 body decay channel.

w2 H —° He + 717
SH —° H+ 7'
\H—d+p+7n
*H—d+n+na

Signal Extraction:
- ldentify S3He and Tt
- Evaluate (3He, ) invariant mass
- Apply topological cuts in order to:
- Identify secondary decay vertex
- reduce combinatorial background
- Or... train a ML discriminator
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Hypertriton lifetifme in tHe high precision era

Hyper-triton is the lightest hyper-nucleus. ALICE collaboration measured its production in the
charged 2 body decay channel.

w2 H —° He + 717
SH —° H+ 7'
\H—d+p+7n
*H—d+n+na

| L | L | I I L | | I I | | I I | | I I

10° ALICE Preliminary

Pb-Pb |5 =5.02 TeV, 0-90%

dN/d(ct) (cm™

L

7

102

Signal Extraction:
- ldentify S3He and Tt
- Evaluate (3He, ) invariant mass
- Apply topological cuts in order to:
- Identify secondary decay vertex
. . | | ] | | ] ] ] | | | | | | | | | | | | | | | ] I | | | | I | | ] | |
- reduce combinatorial background 5 10 15 20 25 30 35

- Or... train a ML discriminator ct (cm)
20
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(ANti- )Hypertrlton hfehmé measuremen

Theoretical predictions
-= PRC 57 (1998) 1595 Nuo. Cim. 46 (1966) 786
— J.Phys. G18 (1992) 339-357 = = PLB 791 (2019) 48-53

| | | | I | | | | TTI [ I

PR 136 (1964) B1803 — o ik T 11  ALICE measurement setting new standards:
+ | - Pb-Pb 2015 dataset already published

PRL 20 (1968) 819 —

PR 180 (1969) 1307 |—

NPB 16 (1970) 46 — —@—

PRD 1 (1970) 66 |—

NPB 67 (1973) 269 |— 4

Science 328 (2010) 58 (— = I=

NPA 913 (2013) 170 |— —=

PLB 754 (2016) 360 —

— A lifetime - PDG value

PRC 97 (2018) 054909 |—

PLB 797 (2019) 134905 |— World average
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(ANti- )Hypertrlton hfe’umé measureméht

Theoretical predictions
-+= PRC 57 (1998) 1595 Nuo. Cim. 46 (1966) 786
— J.Phys. G18 (1992) 339-357 = = PLB 791 (2019) 48-53

oR 136 (1964 Biaos |- e a1 ALICE measurement setting new standards:
-+ Pb-Pb 2015 dataset already published

PRL 20 (1968) 819 —

PR 180 (1969) 1307 |—

NPB 16 (1970) 46 — ——

PRD 1 (1970) 66 |—

- Using the 2018 Pb-Pb data + Machine

NPB 67 (1973) 269 — 4

- Learning methods
Science 328 (2010) 58 — == | - single measurement same relative error as
NPA 913 (2013) 170 [— — B world average
PLB 754 (2016) 360 — —® —

=EXxclude large deviations from free A life time

= [est of different models with different
Hypertriton structure and final state

— A lifetime - PDG value

PRC 97 (2018) 054909 |— ==

PLB 797 (2019) 134905 |—

World average

ALICE Preliminary Pb-Pb 5.02 TeV |—

0 100200 300 400 500 |Nteraction
3 oy
H lifetime (ps)
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(Anti- )Hypertrlton n s ‘ ﬂ systems

* First observation of (anti-)hyper-

— 30
nuclei production in pp collisions © [ ALICE Performance
at the LHC s, ©* Dat S |
» Extremely rare: dedicated trigger for % S AA—He +m
neavily ionising particles devised in - - I pp \s =13 TeV
the ALICE Transition Radiation P 20 1RO p
Detector = - Ling =2.0pb
O 15 VOmult 1
- L intmu =/./ pb
LTt v v
O ul ‘I | 1 1 1 1 I 1= 1 1 | L 1 1 1 | | l‘ I‘ | | | | “I | ] I
296 2.9/ 298 2.99 3 3.01 3.02 3.03 3.04 3.05

M(°He, ©) + M(°He, *) (GeV/c?)
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(ANti- )Hypertrltoﬁg N smé‘rT systems

- First observation of (anti-)hyper- 30 o vetel BEREMTRETT
nuclei production in pp collisions © [ f I ance
at the LHC >
— . : £ = 29 |-
* Extremely rare: dedicated trigger for 4 SRS
neavily ionising particles devised in - C T * Pb+Pb@276TeV  f
. — 20 © " 107 — — COAL. (d-A)
he ALICE Transition Radiation % = —— COAL. (n-p-A)
c - . - -G
Detector = - 10
O 15 . | | -
B 10° E 1
B -1
. 10 — ’
* Soon to come: yield and then -
: 107 k
strangeness population factor N Cor |
T . 5 .
measurement to clearly distinguish B AU+AU @ 200 GeV (0-80% centrality) |
among different production ;i—* o L e '=
= — — Two-body COAL. :
mechanisms 0 u.l_‘_l_ : — Three-body COAL. (b) _“. XY
296 2! e e 3.04 3.05
+ 2
dN_, /dn i) (GeV/cs)
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Conclusions: 2019 vs 2015

Great evolution of the field of (anti-)(hyper-)nuclei in HEP in the last years
- We certainly learned a lot about our measurements
- Even about implicit biases in some of the observables like the coalescence parameter
- We put tighter and tighter constraints on the models
A>=2 nuclei are now the battleground for experiments/models
- 3He/p as a function of multiplicity shows interesting deviations from models
- 3He flow and 4He spectra requires more data to have a clearer picture

More observables are coming up
- (anti-)hypertriton production in small systems is sensitive to different coalescence scenarios

- deuteron-proton, deuteron-lambda femtoscopy to understand the dynamics of the
nucleosynthesis at collider

=Even larger data samples in both pp and heavy ion collisions coming with the LHC Run 3

The quest for the understanding of nuclei production is still open, but today we

have a much clearer idea of what are the limits of the current models.
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