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Nuclear and hypernuclear matter production bariogl@cern.ch | 53

» Light (anti)(hyper)nuclei are abundantly produced ime kb, .4

at the LHC in hadronic collisions P b Tro

\ 4 A % | s~ /TCh
Q
 Two classes of models to describe the S| et e !
L /%@ee S |y
production: Hadron leri

- the statistical hadronisation model

- the coalescence model

* Years of measurements at the LHC (and not only):

- Improved understanding of the production
mechanisms

a) without QGP b) with QGP

beam beam
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The Statistical Hadronisation Model (SHM) Tbarogiaern.ch

* |t assumes hadron production from a system in

thermal and hadrochemical equilibrium and an KR g KR, BRE 4 24E 00
that hadron abundances are fixed at chemical . 10° | © , _ , , -
freeze-out § 10° Foem | ALICE Preliminary, Pb-Pb \!ENN =5.02TeV,0-10% ;
— - ; - : ; ; : : : : ' ' : =
P R R LT T e ol P 0 A S R A R
m . Bl .
dN/dy o V exp CE e T
T 107 £ : : i s s z é B s s B
ch — = Notin fit § : : : : : :BR = 25%; : : r
: : . 3 L : : : : : : : : : : : : : =
e | arge reaction volume (V73 >1) in Pb-Pb collisions 10 [ Model | TTMeV) Vi) YEINDF | BPUREE TR T
10_5 '_ — THERMUS 4 152 + 2 7832 + 484 67.5/11 _'
— grand canonical ensemble " |=='GSl-Heidelberg 153 £ 2 7260 + 410 52.3/11 |: N
o7 [ lsHaRes 153+3  5211:703  45.9/11]; § § T
e Production yields dN/dy in central Pb-Pb collisions g £ o E
described over a wide range of dN/dy (9 orders of 5 o I o000 b it hia¥ | lﬂ;‘ﬂ gl
_ . | | g S ESUUIOOON SO =T Moo= SOOI SO SRR 1 SO W SR E
magnitude), including (hyper)nuclel T o5 I 50 . P = %ﬁjﬁ N +:
R e e e ot L e e E
* In small systems (/75 < 1) a local and exact S T D N N N Aot T T N T T
conservation of quantum numbers (S, Qand B)is & o i SR, 35 VNS Sl DO S — B s T N S el
necessary E SRR S A T S SIS POl S S A S S

- canonical ensemble (CSM)
THERMUS 4: Comput.Phys.Commun. 180 (2009) 84-106

V. Vovchenko et al., PLB 785 (2018) 171-174 GSI-Heidelberg: Nucl.Phys.A 772 (2006) 167-199
| o SHARE 3: Comput.Phys.Commun. 167 (2005) 229-251
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https://www.sciencedirect.com/science/article/pii/S0370269318306543?via=ihub
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The coalescence model bariogl@cern.ch | 53

* Nucleons that are close In phase space and with the correct
spin configuration at the freeze-out can form a nucleus via
coalescence

e [he key concept is the overlap between the nuclear wave-
function and the phase space distribution of the nucleons

* [he main parameter of the model is:

where:

J. |. Kapusta, PRC 21 (1980) 1301

- A Is the mass number of the nucleus
F. Bellini et al., PRC 103, 014907

- Pp=pa/ A

® B is related to the probability to form a nucleus via coalescence
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Production spectra of (anti)nuclei with ALICE bariogl@cern.ch | 23

 ALICE measured production spectra of nuclei in pp, p-Pb and Pb-Pb collisions
- excellent PID

‘.:_\ IIII|IIII|IIII|IIII|IIII|IIII|IIII|I :IIIIlIIII|IIII|IIII|IIII|IIII|IIII|I' 10_4IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
A 3 — i - 3 &y ® M t | |
> 10 -‘00.,,*‘ (p+ P)/2 L o.- (d+ d)/2 . [ *He + 3He) / 2 easurements IN Classes
g 102 _._* ;// N*E.:* 10 /’- .:.:\ E . . .
S 2 e / ., ; e : of multiplicity
I 10F:- e e = N oo 1078 k S 9
'O% ;:4 :‘\: “-f.{a.._:‘._\ 10° i_/// e Tﬁ.;l /'—JIIE.E r \, ;
s 18- ey S T g T S, e Taen hes P e . : .
S S R P P PO NS T =1 T o ] - related to system size
101 :N. t-.-;.;-\: = : 10_2 II//”— ‘ ~o- ) \=.F'\ \\\\\ .- -r:.:\ ~ . * 3
1072 S e e T PP R I BREE
’.F-.-\ ‘.{a.—\ =~ < ll/ & . S \‘\ 10 o~ RN " "
107 Waae o= ol em e, el el TR e Main observables:
_ \* I//"‘M \‘. > \\ \\\ -9 .\.
0 E[e]1(c2)  [o](x2) - vagy e v, ] 0 ALICE Ratio of pr-integrated
0°F (o] (x2%) (= IV-V (x29) 107, *;.p*\”"\ . gL P Vs=5TeVy[<05 '\ Pt J
10°F (VI (x2%) [o]VIl (x 2% e P S SN o111 (x 2Y) - yields A/p
_ -5 1) & N A N 11 0
107 F [o | Vill (x 22) []IX (x 21) 10 oS R °JIV-X(x2)
107 F[0]X (29 [oJINEL>0(x2%] e N N e e o) - Coalescence parameter
10°F - - Levy-Tsallis 10 \\ . - - ms-exponential Ba
—10,IIII|IIII|IIII|IIII|IIII|IIII|IIII|I, ,IIII|IIII|IIII|IIII|IIII|II‘J|IIII|I, —13,lIIIlIIII|IIII|IIII|IIII|IIII|IIII|IIII|III,
10 10
0.0 05 1.0 15 20 25 30 35 00 05 1.0 15 20 25 3.0 35 0.0 05 1.0 1.5 2.0 25 3.0 35 4.0
P, (GeV/c) P, (GeV/c) P, (GeV/c)

Eur. Phys. J. C 82, 289 (2022)
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E : | | T T T 11 I | | | II | | I 1T T 1T 11 | | | :
- d/p ratio evolves smoothly with multiplicity + e CSM, T, =155 MeV, V, = 3 dV/dy -
o 0-005 —csm, T_ = 155 MeV, V, = dV/dy -
- dependence on the system size g - —— Coalescence 3
. For d/p ratio both the models describe the data: F'i 0.004 =
- CSM: canonical suppression N = :

-
N—" - " N o i
= 0.003 -
o’
- ’ L
L4
L4
4
pa 3 /

] o - L% (@] p-Pb, |5 =8.16 TeV  _
Coalescence model: interplay between : gkl oo \[\/% _502TeV -
source size and nuclear size 0.002— 5] Pb—Pb, \s\, =2.76 TeV —

- , x] Pb-Pb, s, =5.02 TeV _
- o] pp, Vs=5TeV -
0.001— i 0] pp, Vs=7TeV —
s op, Vs =13 TeV §
| o] pp. \s=13 TeV,lHM }

O | I I | I T A | L1 11111 | |

1 10 107 10°
arXiv:2212.04777 <chh / dn'ab>l’7.abl<°-5
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x107°

] ] i i i NN B | | I| | | | | | I I| | | | | I I B | _
° d/p ratio evolves smoothly with multiplicity Ii‘ ---- CSM, T_ =155 MeV, V, = 3 dV/dy
- C _
_ . o — CSM, T_ =155 MeV, V,, = dV/dy
dependence on the system size = - - Coalescence two-body ) e _
« For d/p ratio both the models describe the data: 2 101 ==+ Coalescence three'boci'Y """""""""" = B
n B _
- CSM: canonical suppression + - nox %" -
O
- " 1L i o mmmmETE r_-ﬁ"*“*"‘""’r
Coalescence model: interplay between 5 i % ==~ ALICE | ][
source size and nuclear size _47t=7 [®] p-Pb, (s =816 TeV'
” ¢ | p—Pb,ys,, =5.02 TeV
m| Pb—Pb, Vs, =276 TeV -
| o %] Pb—Pb, \(E'jﬂ =5.02TeV
e Also 3He/p evolves smoothly with multiplicity o1 pp, (s=5TeV
0] pp, Vs=7 TeV =
| z] pp, \s=13 TeV |
- But there are more tensions between data ~ [©] pp, Vs =13 TeY, HM
and models
10° 10°
e (Coalescence seems to describe better data (dN ch/ d nlab>lnlab| <0.5

for A> 2


mailto:lbariogl@cern.ch
http://arxiv.org/abs/2212.04777

38

L. Barioglio (INFN
Coalescence parameter Ba 2leglio NN

Ibariogl@cern.ch 23
6\ I I o I I o I I ol I 6-\ 10_2§ | | IIIIII| | | IIIIII| | | | I I I B | | IIIIIE
c§ i ‘HQ | 3 ~ B4 coalesc. r(SHe) =1.76 fm =
> _2 _—---...@ HROTNT *. p_/A=0.75 GeV/c ¥ I N T Param. A (fit to source radii) B
8 10 = \% M&%ﬁ@ -ﬂmﬂ T = %) 10 = Param. B (constrained to ALICE Pb-Pb B,) =
~—" N ) RS n (5 E ------- E
- ALICE N e - et -4 . N —
) - [@) d+d, p-Pb, |5y = 8.16 TeV N\ - - 5 10 E ~ ALICE =
- [#] d+d, p-Pb, {5, =5.02TeV NI -, 7 - [®]pp, s =5.02Tev o .
5| [®d, Pb-Pb, S =276TeV N\ - 10—5 — [@pp, 5= 7 Tev p_ /A =0.73GeVic —
10 " E (5] d+d, pp, Vs = 5 TeV - E  oloo (52 13 Tev =
- (O] d+d, pp, Vs =7 TeV . N | -
i 3. pp. 15 = 13 TeV ] 107° £ L®Jpp. Vs=13TeV, HM =
- [O] d, pp, Vs =13 TeV, HM 7] = |@|p-Pb, |5, =5.02TeV n
- B, coalesc. r(d) = 3.2 fm (PRC 99 (2019) 054905) N 10~7 | [@]Po-Poy|fs, =276Tev _
104 -- Param. A (fit to HBT radii) E @ |Pb-Pb,|5 = 5.02 TeV (Prel. E
- =—Param. B (constrained to ALICE Pb-Pb B,) = g [ .-
- | | ||||||| | | ||||||| | | ||||||| | —_ 10_ ] ] IIIIII| ] ] IIIIII| ] ] IIIIII| ] I L 111
1 10 10 10° w 10 10° (d/\}ojd >
N
arxiv:2212.04777 ‘e dnlab>|77lab| <05 oh1ab i, <05
 Ba evolves smoothly with multiplicity I
- dependence on the system size o~ 0 00— «' .—» «'
. . P-p -Pb
« Comparison with theory: P Pb-Pb
- 1 2(A-1)
2
S 2,411 2 e Two different parameterisations for dN/dn vs R

AT A—1 2
24 /JA | R2(mr) + (r4/2) - None of them can describe simultaneously B2 and B
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& Ba vs pt in HM pp collisions

ALICE
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B> and B3 have been measured in HM pp collisions

» Using the same data sample, the source size 6510_1;' IR L L

has been measured exploiting femtoscopic o - ALICE
techniques ;8, _ _rele] @
- comparison with theoretical predictions is e - i.0"
possible . —.'.,. o

1072 :— Ep— S[oe * _—

- e pp, Vs =13 TeV ]

I o HM | o HMII (x 2)

- o HM [l (x 4) ]

T I R TR TR RN AN SO MO TR N AN SN SO T SR N N N

0.5 1.0 1.5 2.0
pT/A (GeV/c)

JHEP 01 (2022) 106
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& Ba vs pt in HM pp collisions

ALICE

Ibariogl@cern.ch

B> and B3 have been measured in HM pp collisions

e Using the same data sample, the source size N 10~ - e
has been measured exploiting femtoscopic o - ALICE S
techniques o N I
- comparison with theoretical predictions is ;3 - (e le *

possible e mel

P NN NN NN SN NN NSNS NN SN EE NN SN SN EEEEEEEEEEEEEEEEEESE = ®
By(pr) ® : JB 2\ e—R(PDq” 1074 - = o[ * ’ -
»(pp) & — [d'g D(g) e/ 1 : : ol®® :
2  w® " pp, (s=13TeV :
..................... : LA CHM I (x2)
» The source size R is a function of the deuteron pr i o HM Il (x 4) |
T I R TR TR RN AN SO MO TR N AN SN SO T SR N N N

0.5 1.0 1.5 2.0
pT/A (GeV/c)

» D(q) = Jd3r\ ¢q(7) \Ze_izﬁ is the deuteron density

« ¢p4(7) is the deuteron wave function

K. Blum et al., PRC 99 (2019) 044913 JHEP 01 (2022) 106
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& Ba vs pt in HM pp collisions

ALICE

* Putting the pieces together:

: 3 : T 14 F - | | B BN LB LR 3
- N o2 . = T E =
. By(pp) ® —Jd3qD(q)e‘R(pT) - ALICE pp 15 = 13 TeV :
: 2m : SRR High-mult. (0—0.17% INEL > 0) =
: 1.9 E_ s %% - Gaussian + Resonance Source _f
E =\ 3 —> D a7 E E S : § E
: D(Q)—Jerd(Vﬂ e 1" : 1.1F FT. =
E..................................................: 1 :_ | § \§ _:
- We can test different wave functions ¢ (7) 0.9 - EEIPP N = =
= | % | p-A(NLO = -
- We have the precise measurement of the = o p- -
i . L = p A (LO) = -
source size with femtoscopy 0.7 B e e o
1 12 14 16 18 2 22 24 26
- No free parameters! (m_) (GeV/c®)

PLB 811 (2020) 135849
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* Putting the pieces together: ><10‘3
| | | | | | | | | | | | | | | | | | |
I % 25 ALICE :
B,(pr) & — | &g D(g) e~ "7V 4 oL ;
2m o 20 .
O : :
~ 15 — +
D@q) = | &r|py(F)|"e 4T - — 6] -
: : 10 5 0 et .
erremsssrenssrennssrrennsssrnnnsrnnnnssennnns : s " :
- We can test different wave functions ¢,(7) OE e pp, (s =13 TeV, HM | :
| - Gaussian Hulthen ]
- We have t_he prgmse measurement of the 5F xEFT Two Gaussions
source size with femtoscopy T IR RS E I R
0.5 1.0 1.5 2.0
- No free parameters! 'DT/ A (GeV/c)
* B> in agreement with Gaussian wave function (d = 3.2 fm) JHEP 01 (2022) 106

- From low-scattering experiment Hulthen is expected to  _ See Maximilian's talk. this afternoon]
provide the best description ’ '
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& Ba vs pt in HM pp collisions

><I1 Ol—:I3 | | | | | | | | | | | | | | | | | I

e Bsis compared with prediction based on 2 025  ALICE -
a Gaussian wave function -Q; -

D 020_ ® HMpp,\/g=13TeV ® |

. ble description, but worse with O - - :

reasona ’ = : Gaussian —

respect to Bo ol - i

0.15 N

* \ery sensitive to nucleus radius d: I . 1

0.10 - * -

3 - i

2 I O i

271'3 0 d - ® J

\/§ 1172 2 i o ]

p OOO [ 1 1 1 T R N N NN TR SR NN TR AN NN T N N N N N ]

0.5 1.0 1.5 2.0
pT/A (GeV/c)

JHEP 01 (2022) 106
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Leading
particle
 Comparison between in-jet production and production
in the underlying event (UE) Ap
- jets are collimated emissions of hadrons — Toward
coalescence probability should be enhanced
 The leading particle (highest pr, pt > 5 GeV/c) Jet

IS used as jet-proxy

* Three regions are distinguished wrt the leading particle e “‘" Transverse
- Toward: |Ap| < 60° — Jet + UE
- Transverse: 60° < |Ap| < 120° = UE //‘\

- Away: |Ag| > 120° — Recoil + UE

Recoil

Away
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In- and out-of-jet production

e Deuteron spectra are measured in the azimuthal
regions: toward, transverse and away
- The transverse region to good approximation
coincides with the UE
- In-jet spectrum = toward - transverse

1/N,, °N/(d ydp.) (GeV/c)’

L. Barioglio (INFN)

Ibariogl@cern.ch

(d+d)/2
(@] Transverse
(o] Toward x 2
[a]Away x 4
---- Lévy-Tsallis fit

~
~
~
~
~
~
S
~

hES

o - ]
- R — i _:
E ALICE E
. pp, Vs=13TeV |
5 ,DT'ead >5 GeV/c ‘ i
I | | | | I | | | | | | | | | I | 1 | | | | | I~~~l'~ I |
0.5 1.0 1.5 2.0 2.5 3.0
P, (GeV/c)
- T _
ALICE
3 pp, Vs =13 TeV =
- pT'ea‘QI >5GeV/c -
I —— % T - ]
— [ W] _ =
= (d+d)/2 =
- m | Toward - Transverse A
i —--- Lévy-Tsallis fit |
« |PLB 819 (2021) 136440
= ZYAM unc. =
N T T T T YN AN NN Y T TN TSN ST SO WO NS SO ST W ]
0.5 1.0 1.5 2.0 2.5 3.0
P, (GeV/c)

arxXiv:2211.15204
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In- and out-of-jet production bariogl@cern.ch | 53
f B N AL L L L A L AL LA
, | O L2l ALICE .
e Deuteron spectra are measured in the azimuthal N - pp Vs = 13 TeV, pl**¢ > 5 GeV/c -
regions: toward, transverse and away ¢ [ [Olunderlying event
- The transverse region to good approximation & oL 2indet _
o . = PYTHIA 8.3 with reaction-based d =
coincides with the UE - | production -
- In-jet spectrum = toward - transverse I i
« B> can be measured in-jet and in the underlying - " 0 —® -
event oL -
- In-jet enhancement is observed ] _ -
| (}25‘ - ' ~ < ]
- PYTHIA: - -

: : : T T T T T TN T S S
> describes well the underlying event production T of E
. C L . B :

> quite good description of in-jet production S Ol & e E
S gLere 0 :

= 04 06 08 1 12 14 16

a

p /A (GeV/c)

arXiv:2211.15204
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e  ALCEPatomans
« For the first time, 3>H has been observed in small systems S ter Rl
- in pp collisions at 13 TeV with High Multiplicity trigger S O
- in p-Pb collisions at 5.02 TeV e I :
LLI
3 - E
H has a large radius: y l n M I %
r(A\H) = 10.79 fm 0, r (*He) = 1.76 fm, r (d) = 1.96 fm L T L L T

297298299 3 3.013.02 3.03 3.04 3.05 3.06

| | M(He + ) (GeV/
: ?\H production is a test-bench for coalescence e + ) (GeV/c?)

_ S -
production models > o
L(E) 12 p-Pb, 0-40%, {5, = 5.02 TeV -
- . s . . B 0<p. <9GeVic
 Hypertriton measurement in pp and p-Pb collisions is o 10 i .
. - ; :_ 1 — Signal + Background _:
expected to be a conclusive test for the production 8% /\ - begons
models @ 4 / | i
L i
? et N L

1) F._Hildenbrand and H.-W. Hammer, Phys. Rev. C 100, 034002 205 367 208 396 5" 9‘,|o'1' 3. LUéos 304

@) F._Bellini et al., Phys.Rev.C 103 (2021) 1, 014907 M(*He + ) + M(°He + ) (GeV/c?

PRL 128 (2022) 252003
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Theoretical predictions

e Lifetime measured with the h|ghest - - Nuo. Gim. 46 (1966) 786 -+ Nuo. Cim. 51 (1979) 180-186
— J.Phys. G18 (1992) 339-357 =:= PRC 57 (1998) 1595
precision so far: PRG 102 2020) 064002 £53PLB 811 (2020) 136916
_ PR 136 (1964) B1803 . ; | ; ;l | | |
- compatible with that of the free A PRL 20 (1968) 819 | el -
> loosely bound state PR 180 (1969) 1307 —re

NPB 16 (1970) 46 o
PRD 1 (1970) 66| e N
NPB 67 (1973) 269 | - el B

STAR, Science 328 (2010) 58| :-: : L

HypHi. NPA 913 (2013) 170 | IE:.E- E :

ALICE, PLB 754 (2016) 360 | ——+ !
— I ! iI}—A lifetime - PDG value —

STAR, PRC 97 (2018) 054909 = =

.

ALICE, PLB 797 (2019) 134905

ALICE, Pb—Pb 5.02 TeV

i

!
STAR, PRL 128 (2021) 202301 o

;

300 400 500
°H lifetime (ps)

SR B R
0 100 200

arxiv:2107.10627
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Hypertriton lifetime and A separation energy L. Barioglio (INFN)

Ibariogl@cern.ch

Theoretical predictions

e Lifetime measured with the h|ghest ----NPB47 (1972) 109-137  —— PRC77 (2008) 027001
. . — arXiv:1711.07521 EPJA(2020) 56
precision so far: R R
. . - NPB1 (1967) 105
- compatible with that of the free A e %60
> loosely bound state e NPB4 (1968) 511
 Ba has been measured with a high . - PRD1 (1970) 66
precision B ' B
- 1.9 o difference w.r.t. last STAR results —o— | NPB52 (1973) 1
- compatible with #EFT and Dalitz’s i i
: ® STAR, Nat. Phys 16 (2020)
predictions n - _
> loosely bound state - . ALICE, Pb—Pb 5.02 TeV
RN T N R T T NN N T N S TN 1 N TN U N SN T T N A
-04-02 0 02 04 0.6
B, (MeV)

arXiv:2107.10627
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Hypertriton lifetime and A separation energy

* Lifetime measured with the highest
precision so far:

- compatible with that of the free A

> loosely bound state

 Ba has been measured with a high
precision

1.9 o difference w.r.t. last STAR results

- compatible with YEFT and Dalitz’s

predictions

> loosely bound state

* All the models provide a simultaneous
description of 7 and Ba

<13
1.2
1.1

T/T

0.9
0.8
0.7
0.6
0.5

L. Barioglio (INFN)
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----Nuo. Cim. A 46 (1966) 786+« PLB 811 (2020) 135916
— PRC 102 (2020) 064002

ALICE

Frrrpririi

S n

-
ol

04 045 0.5
B, (MeV)

O
OV r
o
gl
-

L
O r
.o_
NOL

arXiv:2107.10627
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Hypertriton production in small systems
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< IIII| [ [ IIIIII| | IIIIIII| [
3 E e | ALICE p-Pb, 0-40%, |5, = 5.02 TeV

o AH/A IS COmpared with the predlctlon of o <10_5_ = | ALICE Preliminary pp, HM trigger,Vs = 13 TeV B

B ¢ | ALICE Pb-Pb, 0-10%, \s,,, = 2.76 TeV 7

SM and coalescence model i VS L

. - B.R.=0.25+0.02 eeeemnneeeoaeeeeana ]

- Two-body coalescence model provides :
the best description of data I
10°

3-body coalescence -

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

10 107 10°

(chh/d n)

PRL 128 (2022) 252003

7/<0.5
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Hypertriton production in small systems bariogl@cern.ch

CT) - 1 I I I (1T 1T 11 | | | | T 1T 11 | I :
3 o U) — e | ALICE p—Pb, 0—40%, \[STIN =5.02 TeV 7
. “H/A is compared with the prediction of 0.9 07 ALICE Preliminary pp, HM trigger.ys = 13 TeV -
0.8 ¢ | ALICE Pb-Pb, 0-10%, |5, = 2.76 TeV -
CSM and coalescence model N\ BA - 025+ 0.02 :
- Two-body coalescence model provides 0.7 [- —
the best description of data 06 e -
0.5 - -
“H/°He - :
_ Also §5 = is a valuable observable 04l -
A/p - -
: C : 0.3 — I -~
to discriminate between production - = 3-body coalescence -
mechanisms 0.2 - 2-body coalescence —
, , , - —SHM, Ve =dV/dy -
- 0.1 = =
Also in this case coalescence is favoured, - e SHM, Vo = 3dVIdy
even though with less sensitivity 0 it ] i -

10 102 10°

dN /d

< ch 77>|77|<O.5

PRL 128 (2022) 252003
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23

 Measurements vs multiplicity
are crucial to study the production mechanisms

 Ba vs multiplicity:

."
s

- trend qualitatively described

- not described well by a single parameterisation of R vs dN/dn i
o Bavs p1/A (with measured emitting source): ?;\\
- test different nuclear wave functions j"w * Ll
« Yield ratios vs multiplicity: VN & E )
- ?\H weakly bound — large radius — sensitive probe Wi |
={==|==]

- f\H/p favours production via coalescence
Thanks for your attention!
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e (General purpose heavy-ion experiment

- 19 different sub-systems A | ;
- Excellent particle identification (PID) TOF > TS

- Most suited LHC experiment for studying the
production of nuclel

//,,f,,, -
e |

|8E =L
L

Inner Tracking System
* Tracking and Vertex reconstruction
® ODCAyy < 100 pm for pr > 0.5 GeV/c in Pb-Pb

- Separation of primary and secondary nuclei TPC % ‘
(coming from material knock-out)

- Separation of primary and secondary vertices

VO
e Multiplicity/centrality determination
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PID with the Time Projection Chamber
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Pb- Pb 2015 run \/SN -5 02 TeV negative particles

B ;d "’Hf's? 4FE ALICE performance
Eo L 20.04.2018

*He

1000

< 900

T
l"'

0 800

— 700

‘He

D600

.......

\1152253354455
"72(GeV2/c4)

O 500

- Tracking = 400

*  PID via dE/dx measurement 300

- Ode/dx ~ 5.5% (in pp collisions) <00
100

.....
-~ " -~
v )
.. N -

- 0de/dx ~ 1% (in Pb-Pb collisions)

TTYTFTTTTTT T TTTT T T T T T T T[T TT T TTTTTTTT[TTT]
FARN | | | | | | |

<
*
X
—h
<
—
N
w
S
o
o

- 3He and 4He well separated P
4
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el EL- v
3
| E
0.9 E
| 0.8
: A
- PID via B measurement |
- ortoe-pip ~ 60 ps in Pb-Pb collisions 0.6
ALICE Performance
- oTor-pip ~ 70 ps in pp collisions 05 PO | Sy = 502 TeV
lower precision on event collision time 04 L
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Charged particle multiplicity bariogl@cern.ch

— 12 B | | I I | | | I | | | I | || | I || | | ] 1 | 1 I 1 |
E [ Fit to ALICE HBT )
E:’ - —— Sun, Ko, Doenigus, 1812.05175 P
. e 101~ Constrained to ALICE Pb-Pb 0-10% B, i
» Measurements are carried out vs multiplicity - ALICE HBT, k. = 0.887 GeV/c s -
» (dN,,/dn) < system size 8f- 4 PP /5=7TeV (NEL>) e -
ch - m p-Pb, (5, =5.02TeV e -
. : - e Pb-Pb, |5, =276 TeV o -
o System size: HBT radius R 6 Vo et
B v
- R vs multiplicity: i o
Al —
R = dN/d 1/3 b S A gl S ;
=a ( )"’ + 2t~ T e .
O . 1 1 l 1 1 1 l 1 1 1 l 1 1 | l 1 1 | l 1 1 | l 1 )
0 2 4 6 8 10 12

1/3
(dN_ /dm)

Phys.Rev.C 99 (2019) 5, 054905
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Charged particle multiplicity
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- (k) =0.25GeV/c N -
T
; ' -
. . AL -
* Adding more points to the ~ vs ~ 5| et 1 =5t _
o o é g & E ,v:,*w
(AN, /dn), it is visible that the = o % . 4 ¥
¢ : : ® 3 . OB 032 . .
evolution is not smooth from pp s Nt s ;%o 3
0 w
tO p' Db i _‘Q ﬁ
17 li.* 1 o -
* This discontinuity could be the reason o 5 10 o 5 10
why models do not reproduce data (dN_/dn )" (dN_/dn )"
. L C C
along the whole multiplicity range | T . STAR Au-Au (5. = 200 GeV
, : ) 7 STAR Cu-Cu \/s,,, = 200 GeV
- Possible solution: B2 vs R v STAR Au-Au @= 62 GeV
€ . ﬁ,.v’ o STAR Cu-Cu |[s,, = 62 GeV
- Rvs (dNCh/dﬂ> needed =35 & & 7 % CERES Pb-Au |5, = 17.2 GeV
M S v oot N *  ALICE Pb-Pb \/STN = 2760 GeV
x Lo° = ALICE pp /s = 7000 GeV
°,§ o ALICE pp Vs =900 GeV
_ _.a!‘"' * STAR pp /s =200 GeV
1 | | e ALICE p-Pb |5 = 5020 GeV

(dN_/dn )™ Phys.Rev.C 91 (2015) 034906
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Yield ratios
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x107 x10° x10°
ﬁ N | 1 IIIIIII 1 1 IIIIIII l, 1 lIlIIlI 1 1 lIIlL ﬁ 14- | | IIIIIII | 1 IlIIlII | | IIIIIII | I 1 1ii ﬁ 14- 1 | llIllII 1 | | lIIlIII 1 | llIIIlI 1 P 111l
+ I ALICE + . Thermal-FIST CSM, T, =155 MeV + L Coalescence
Qo I _ Qo ~ V.=1.6dV/dy 1o B N
=~ 4 pz,DE'b—JPb. ’ 30'5 ﬂn ﬁ - 12: UrQMD Hybrid Coalescence = 12: Two-body )
Y T | Pb-Pb 5.02 TeV ~ [ —— Three-body :
I {10 - 10 -
. NOT l :
3 - — _ L -
: 8r 1 ¢ B
i ® |pp, s=5TeV - - -
2'_ O lpp, (s=7TeV N 6_— - 6_— -
: O |pp, ¥s=13 TeV ] - i )
- ﬂ % |pp, Is=13TeV,HM - 4 — 4+ -
1F *|p-Pb, {5 =5.02 TeV — - - -
i 0| Pb—Pb, {5 = 2.76 TeV 21 - 2 ~
| Pb—Pb, [s, = 5.02 TeV - -
O 1 1 lllllll 1 1 lllllll ] 1 lllllll 1 1 111 1 0 1 llllll | 1 1 llllll | | - | llllll | 1 1 11 1 O lllllll 1 | lllllll 1 1 lllllll 1 1 1 11
10 10 10° - 10 10 10° - 10 102 10°
(dN ch/ dnlab>|nlab|<0.5 (dN ch/ dnlab>ln|ab|<0.5 (dN ch/ dnlab>|nlab|<0.5

arxXiv:2211.14015
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Hypertriton reconstruction
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 Hypertriton is reconstructed through its two- DCA 3He
to PV
body mesonic decay (B.R. 25%): erimary
. ?\H — 3He +7°7 4 cC.cC. Vertex \ " o Secondary vertex - VO

Pointing
angle

DCA tracks

e Candidates are selected with:

> BDT selections are optimised to improve
the significance of the signal

N
o

N
o

DCA
- Standard selections on single-track and to PV
&\ L | L | L | L L | L | L | L

- : o 120 —
tOpOloglcaI variables % B ¢ Data ALICE Performance i
_ = ~ ——— Signal + Back d _ _ N
- Boosted Decisions Trees (BDT) models, o 100 sl Po-Pb Sy =502 TeV
N 2= ct <4cm, 0-90 % —
trained on dedicated MC samples used to S packground -
discriminate signal and background > }
O 60 _

> Use of the package hipe4 ML \
hiped4ML

l‘" et t
|||*W
209 3 301  3.02 303 304
M (CHe + x) (GeV/c?)

2.96
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% Femtoscopy

ALICE

e The main observable is the correlation function:

C(k*) = JS(?*) | 1//(1_(}*, rE) \2d3r>I< -
Theory Experiment
where k* = P ;pb in the pair rest-frame

* Two ingredients:

Emitting source: hypersurface at kinematic freeze-out
of final-state particles

- Two-particle wave function: express the interaction
between particles

L. Barioglio (INFN)

Ibariogl@cern.ch

S(7*) source function

two-particle
wave function

Pa
The theoretical CF is obtained using

CATS (Correlation Analysis Tool using
the Schrodinger equation):

- exact solution of the Schrodinger
equation for a wave function

D.L. Mihaylov et al., EPJC 78 (2018) 5, 394
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nuca The correlation function barogBeen.ch.

e The correlation function reflects the interaction:

- Absence of interaction: C(k*) = 1

- T =2 12 13 same(k*)
C(k*) = | S(r*) | w(k*, rv) |~ d’r* = /V ) =1
mixed

100 200 k" (MeV/c)
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% The correlation function

e The correlation function reflects the interaction:
- Absence of interaction: C(k*) = 1

Repulsive interaction: C(k*) < 1

N, same(k *)
<
IV, mixed(k*)

1

k) = [S(?*) (B, ) Pk =

100 200 k" (MeV/c)
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% The correlation function

e The correlation function reflects the interaction:
- Absence of interaction: C(k*) = 1
Repulsive interaction: C(k*) < 1

- Attractive interaction: C(k*) > 1

N, same(k *)
>
IV, mixed(k*)

1 S

k) = [S(?*) (B, ) Pk =

100 200 k" (MeV/c)
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* The correlation function reflects the interaction:
- Absence of interaction: C(k*) = 1
Repulsive interaction: C(k*) < 1
- Attractive interaction: C(k*) > 1
Bound state: C(k*) s 1

- T =9 12 13 same(k*)
C(k*) = | S(r*) |w(k*, r*)|"d’r* = /V (k*) s 1
m1xed

100 200 k" (MeV/c)
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Measure of the source size bariogl@cern.ch
. = "* =%\ 12 13 s Nsame(k*)
. |If the interaction is very well known, the CF C(k*) = | S(r) |w(k*, r®) |7dr* =¥
: . Nmixed(k*)
can be used to constrain the source function
- p-p and p-A

 Assumptions
- Particle emission from a Gaussian core
source

e Short-lived strongly decaying resonances
(CT ~ rcore)
effectively increase the source radius
- e.g. A-resonances for protons
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Measure of the source size |ba32§?@'§em ch

K

: - _ = Ta 2\ 12 3. Name(K™)

. |If the interaction is very well known, the CF C(k*) = JS(F*) | w(k*, r*)|=d°r* = -
: - mixed(k )

can be used to constrain the source function

'P'Pandp'/\ :_E\1_4:;| I | LI LR IR IR |_:'
. o C s ALICE pp Vs =13 TeV .
® (@) — i S -
Assum!otlons - SR High-mult. (0-0.17% INEL > 0) =
- Particle emission from a Gaussian core 1o E *y.1 0 Gaussian + Resonance Source
source : :% = E
1.1 I —
 Short-lived strongly decaying resonances = I B =
T = = _
(CT ~ rcore) 09 F § P—Pp SS — =
effectively increase the source radius 1s £ 2 p-A (NLO) “ E
- e.g. A-resonances for protons = | = p-A(LO) — -
0.7 &, . T l -~ ¥ Ll

 Universal source model 1 12 14 16 18 2 22 24 26
(m.) (GeV/c?)

- rcore fixed for each pair based on {mr) PLB 811 (2020) 135849
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% Proton-deuteron correlation
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* p-d correlation measured in HM pp collisions: p're{iminary

T
ALICE

% 1.4 —
. 2 - pp Vs =13 TeV -
- precise measurement of the source S(k*) 1o [ High-mult. (0—0.17% INEL>0)  —
> study of interaction potentials : _ L . —— *_
« The correlation function C(k*) is below the 08 F —4 =
unity 06 __ 77777 . p_d ©® 5_6 __
S . B " Norm. uncertainty (1.3%) -
- repulsive interaction 04 i
02 :. RN S A TN T N N N T NN TN TN NN N MO A TN T N N N TN TN AN TN NN RN AN N AN A .:

0 50 100 150 200 250 300 350 400

k* (MeV/c)

- T 2wy 12 13 Nsame(k*)
C(k*) = [ S(r*) |w(k*, re)[~dr* =N ,
Nmixed(k*)

with k= La 10

2
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* Proton-deuteron correlation barogBeen.ch.
. . . . §10:I I | L | L | o | L | L | o I:
e p-d correlation measured in HM pp collisions: S of ALICE Preliminary E
E pp Vs =13 TeV ]
- precise measurement of the source S(k™*) 8 High-mult. (0-0.17% INEL >0) -
. . . 2F opdepd ]
> study of interaction potentials E O adowthr - t0ss00aim -
6 :— —— Van Oers et aICE;eéée;;; A.rvi_eu>.< (1973) —:
« The correlation function C(k*) is below the g == tacketa (00
: - Black(1999): z2/ndf = 734/3 = 244.7 (0-120 MeV/c)
unity o E
- repulsive interaction 36} -
» Models with two-body strong interaction do 2F \\ E
not describe the data: e T
0 oo o v b b by by by T
- the proton is sensitive to the internal O 40 80 TR 180 200 A evie)

structure of the deuteron

- three-body interactions must be taken into

- T 2wy 12 13 Nsame(k*)
C(k*) = | S(r*) |w(k*, r*)[dr* = ¥ ,

account N (k%)
with k= La 10

2
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