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Evolution of a heavy ion collision

3
time d.t,’He > Two Lorentz contracted nuclei approach and collide
A
Q Tkin
g »~ 71, > “Pre-equilibrium”
g 4
i~
S > Formation of Quark-Gluon Plasma phase (if T>T )

> Phase transition from QGP to hadron gas
(T, =160 MeV)

> Chemical freeze-out (T, ~156 MeV):

m inelastic reactions cease: the chemical
composition of the system is fixed (particle yields

(o< 1 fm/c) )
and fluctuations)

Z» Kinetic freeze-out (T, ~ 100 MeV)

m elastic reactions cease: spectra and correlations are
frozen (free streaming of hadrons)
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Thermal model fit to LHC data
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K* not included in the fit
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Hadron abundances in HI (yields and
ratios) can be successfully interpreted
in terms of production at chemical
equilibrium

Statistical (thermal) models predict the
yields of any particle at chemical
freeze-out once that T_ and p are

known

At the LHC (u, = 0) particle yields of

light flavor hadrons (including nuclei)
are described within the thermal model
with a common chemical freeze-out
temperature (T, =156 +2 MeV)

ALICE Collaboration, arXiv:1710.07531, NPA 971, 1 (2018)
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Resonances




Thermal model fit to ALICE data
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K* not included in the fit
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Hadron abundances in HI (yields and
ratios) can be successfully interpreted
in terms of production at chemical
equilibrium

Statistical (thermal) models predict the
yields of any particle at chemical
freeze-out once that T_ and p are

known

At the LHC (u, = 0) particle yields of

light flavor hadrons (including nuclei)
are described within the thermal model
with a common chemical freeze-out
temperature (T, =156 +2 MeV)

K*(892) production not described
(vield suppressed)

ALICE Collaboration, arXiv:1710.07531, NPA 971, 1 (2018)
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Hadronic phase

Time

QGP

22/05/2019

e The yield of resonances produced in heavy ion collisions is
expected to be in agreement with T chemical freeze-out

equilibrium
e Although, can be altered by hadronic interactions between
chemical and kinetic freezeouts:

> rescattering: daughter particles undergo elastic scattering
or pseudo-elastic scattering through a different resonance
— parent particle is not reconstructed = loss of signal

> regeneration: pseudo-elastic scattering of decay products
(MK = K*° KK=> @, etc.) = increased yields

e Effect of hadronic processes depends on:
> lifetime and density of hadronic phase
> resonance lifetime and scattering cross sections

LHCP 2019- Ramona Lea
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Light flavoured hadronic resonances

» Resonances have lifetimes comparable to that of the fireball produced in heavy-ion collisions:
= can be used to study properties and lifetime of the late hadronic phase

» Resonances differ by mass and quark content:
= insights on the multiplicity-dependent enhancement of strangeness production

= anomalous baryon-to-meson ratios at intermediate transverse momentum parton energy loss
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Suppression of hadronic resonances

ALICE Collaboration, arXiv:1805.04365
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Suppression of hadronic resonances

ALICE Collaboration,
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Suppression of hadronic resonances

ALICE Collaboration, Phys.Rev. C99 (2019) 024905

STAR Collaboration, Phys.Rev.C78 (2008) 044906
STAR Collaboration, Phys. Rev. Lett. 97 (2006) 132301
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ALICE Preliminary
O ppis=7TeV
0 Pb-Pb | 5, = 5.02 TeV

e A(1520)/A

» A(1520)/A ratio clearly decreases as function of
multiplicity in Pb-Pb

» Clear suppression compared to the thermal model
predictions
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Suppression of hadronic resonances

ALICE Collaboration, Phys. Rev. C 91 (2015) 024609

ALICE Preliminary
O ppis=7TeV

e $(1020)/K:

» $(1020)/K ratio independent of collision system
(energy)

= The ratio $(1020)/K increases at large (dN,, /dn)
because of strangeness enhancement
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Suppression of hadronic resonances
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Light (hyper-)nuclei




Deuteron p_spectra in Pb-Pb collisions
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Spectra are extracted in several centrality bins and fitted
with blast-wave function for the extraction of yields

E. Schnedermann et al., Phys. Rev. C 48, 2462 (1993)
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*He production in Pb-Pb collisions

Pb—Pb 2015 run, \!SN =5.02 TeV negative particles
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Nuclei production in Pb — Pb collisions

e Thermal model prediction: exponential dependence of

> the yield
© 10 / y - ne dy p Tchem
_I B=-5.810.2
e The density ratio of a particle with the next heavier
10~ one:
. n.
102 i exp| — A
1073 N4y T chem
107*E
10,55 (mp—md)"‘938 MeV
. p/d ~ exp(938/160) ~ 350
10°F 0-10% Pb-Pb, | s, = 2.76 TeV
107 Thermal model expectation
—8 F | | I I l l l l l
W43 2 9 6 1 2 28 4 p/d ~ exp(-B) ~ 330*7°

Experimental result
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ALICE Collaboration, arXiv:1710.07531, NPA 971, 1 (2018)
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Hypernuclei

e A hypernucleus is a nucleus which contains at least one hyperon (a baryon containing one or
more strange quarks) in addition to nucleons

* Main goals of hypernuclear physics:
* Extension of nuclear chart
* Understand the baryon-baryon interaction in strangeness sector
* Study the structure of multi-strange systems
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Hypernuclei

e A hypernucleus is a nucleus which contains at least one hyperon (a baryon containing one or
more strange quarks) in addition to nucleons

* Main goals of hypernuclear physics:
* Extension of nuclear chart
* Understand the baryon-baryon interaction in strangeness sector
* Study the structure of multi-strange systems

° His the lightest known hypernucleus and is formed by (p,n,A).

e Mass =2.991 GeV/c?
. B,=0.13+0.05MeV (B,=2.2 MeV, B =8.5MeV, B, _=7.7 MeV)

(*,H)* H is unstable under weak decay and branching ratios are not well known = Only few
theoretical calculations available [1]

22/05/2019 LHCP 2019- Ramona Lea

[1]Kamada et al., Phys. Rev. C57(1998)4
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Thermal model comparison

Ratio
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ALICE Collaboration Phys. Lett. B 754 (2016) 360-372
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e . H/3He ratio compared with different
thermal models:

e Extracted yield is in good agreement
with equilibrium thermal model
prediction for T, =156 MeV, such

as GSI-Heidelberg model [1] even if
B, is<<T,

[1]A. Andronic et al., Phys. Lett. B 697, 203 (2011)
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Thermal model fit
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Coalescence Model

X
FIG. 1. Schematic for the production of a deuteron in
the final state of a relativistic collision between two
heavy nuclei.




Coalescence model

» Model originally developed to describe light-nuclei production (deuteron, triton...)
 |f baryons at freeze-out are close enough in phase space and match spin state a (anti-)nucleus
can be formed
e Usually, since the nucleus is larger w.r.t. the source, the phase space is reduced to the
momentum space
o Assuming that p an n have the same mass and have the same p_spectra, the yield of any

; A
nucleus can be determined as d3N, . (E dsz) L (4_7: 3>(A—1) L w
3 A Po

3 Alm?
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Coalescence model

e Model originally developed to describe light-nuclei production (deuteron, triton...)
 |f baryons at freeze-out are close enough in phase space and match spin state a (anti-)nucleus
can be formed
e Usually, since the nucleus is larger w.r.t. the source, the phase space is reduced to the
momentum space
o Assuming that p an n have the same mass and have the same p. spectra, the yield of any

nucleus can be determined as / d3NA\ ( d3N ax NAD 1y
By = <—P(3)> 21 A

IBA‘ 3 Al mA

\
N\

Measured nucleus p_-spectra Measured proton p_-spectra
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Coalescence model

e Model originally developed to describe light-nuclei production (deuteron, triton...)
 |f baryons at freeze-out are close enough in phase space and match spin state a (anti-)nucleus
can be formed
e Usually, since the nucleus is larger w.r.t. the source, the phase space is reduced to the
momentum space
o Assuming that p an n have the same mass and have the same p_spectra, the yield of any

: A
nucleus can be determined as . d3N, . &N, ar N1 m
= —_— By = — —
. . A 3 A P dp3 A 3 Po Al mA
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Coalescence model

e Model originally developed to describe light-nuclei production (deuteron, triton...)
 |f baryons at freeze-out are close enough in phase space and match spin state a (anti-)nucleus
can be formed
e Usually, since the nucleus is larger w.r.t. the source, the phase space is reduced to the
momentum space
o Assuming that p an n have the same mass and have the same p_spectra, the yield of any

nucleus can be determined as BN Ba ) A1)
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Coalescence parameter B,

Simple coalescence model
o Flat B vs p_ and no dependence on

R L i i multiplicity/centrality
= P s o A'—'/‘j\'i';f:;"g"\‘/j"y . v Approximately observed in “small systems”:
gl o' “gi 'y o oS s T pp, p-Pb and peripheral Pb-Pb
. - %d, pp, \s=13TeV PbH C 7
I ¢]d+d, pp, Vs =7 Te E EH :
VOM Multiplicity Classes B
107 [#+d, p-Pb, {5y = 5.02 TeV ﬂ . '_:
E VOA Multiplicity Classes (Pb-side) Pb-Pb HE E
| [u]d, Pb-Pb, {5, = 5.02 TeV Haﬁ i
L [+|d, Pb-Pb, s = 2.76 TeV (PRC 93 (2015) 024917) 1
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Coalescence parameter B,

Simple coalescence model
o Flat B vs p_ and no dependence on

(G\J I Ip T | ||I|| T T T T IIII| T T T T IIII| T | multiplicity/centrality
B L o A'-'/‘j\E '(’)r:;"g"\‘/j"y v Approximately observed in “small systems”:
o e e ”g; ', o Bttt pp, p-Pb and peripheral Pb-Pb
m“‘ B i ] .
B EcipRiteaitoTel -PbH 8 | More elaborate coalescence model takes into account
Edid o =T % 1 the volume of the source:
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B D Hgﬁ 1 e B_scales like HBT radii (R)
- [#]d, Pb-Pb, {5, = 2.76 TeV (PRC 93 (2015) 024917) i 2 . o . '
. 1 | | » decrease with centrality in Pb-Pb is explained as
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<chh/dn|ab>lﬂlabl<0-5 » increase with p_in central Pb-Pb reflects the k-
dependence of the homogeneity volume (i.e.
FBellini and A. PKalweit, arXiv:1807.05894 [hep-phi. volume with similar flow properties) in HBT
B o e 01 Loaops 1602 v Qualitative agreement in central Pb-Pb collisions
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Light nuclei production: Deuteron to proton ratio

Q_ -

S

o

o

N
IIIIIIIIIIIIII|II\I|I

T T IIIIIII T

[#]p-Pb, \s,, =5.02 Tev

VOA Multiplicity Classes (Pb-side)

[m]Pb-Pb, sy, = 5.02 TeV '

| FRSTRSE I RN R o T llIIIIII T T

ALICE Preliminary

[®]pp, Vs =7 TeV N
|%|pp, s = 13 TeV |
VOM Multiplicity Classes =l H- s == = =fl = T -=p il
@ i H .
"'@ :
ST [#]Pb-Pb, s, = 2.76 TeV (PRC 93 (2015) 024917) a
,’E pp, Vs = 900 GeV, d/p (PRC 97 (2018) 024615)
',/ PHpp, 15 = 2.76 TeV, d/p (PRC 97 (2018) 024615) |
. [ BKlpp, Vs =7 TeV, d/p (PRC 97 (2018) 024615) |
1 1 | S (W [ | | 1 1 1 | S | | 1 1 1 141 | 1 1 1 &

B S
( ch nlab>|nlab|<0.5

e d/pincreases with multiplicity going from pp to peripheral Pb-Pb : consistent with simple coalescence (d « p?)
« No significant centrality dependence in Pb-Pb : consistent with thermal model (yield fixed by T_ )

e How the two models are connected is not yet fully understood
e Is there a single particle production mechanism?

22/05/2019
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Charm Baryon




Heavy quarks in heavy ion collisions

« Charm and beauty quarks are produced in parton hard scatterings in the initial phase of the
heavy-ion collision (production time of cc(bb) pair at rest

e Flavour is conserved in strong interactions - Transported through the full system evolution

What can be tested?

e In-medium energy loss: colour-charge and €
quark-mass dependence -'l' L <
e Heavy quark participation in the collective e O A X
expansion, thermalisation in the medium L da s v - 5 N
« Modification of the hadronization i “ %
mechanisms in the medium 7
. (514
k
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A_production in heavy ion collisions

CID 3 T T T I T T T I T T T | T T T I T T T I T T T I T DD 3 T I | I I | l
% T T [+ 0-80%Pb-P =5.02 TeV, |y|<0.
<z « 0-80% Pb-Pb, | Sy, = 5.02 TeV, |y|<0.5 < s e L e e e
L Catania, fragm.+coal.
o PP 1s=7TeV, y|<0.5 1 I .. --- Catania, coal.
L (JHEP 04 (2018) 108) - - , ‘ ‘\‘ ..... Shao-Song, RB-‘M=0'425
2~ _ p-Pb,|sy,=5.02TeV, -0.96<y<0.04 = 2 /-7~~~ -shaoSongR =12 =
L (JHEP 04 (2018) 108) y L= E o '
! hY -.\
- ALICE 1 -, <\ ALICE
L 4 L 7 e R
! LY )
b= I — = 7 \ \‘ |—r—| -
1 — W3 =
L] 7 v
I H ] [ P k! l
B3 £ B ((.’-" g \\ _ "H: ~
L + ‘—‘B—‘ i _:-l_—_-_f' \\\‘\\\. g s I =
G — L I 11 1 I 1 L 1 l L L L I - 1 I - 1 I L (‘b - I - l Ll L I ) - i_-l-_l_l_l_l l_l-I 1

0 2 4 6 8 10 12 2 4 6 8 10 12
P (GeV/c) P, (GeV/e)

o ALICE measured A_in Pb-Pb collisions at 5.02 TeV for 0-80% centrality class
« 2.50 hint of A_/ D° ratio enhanced in Pb-Pb collisions w.r.t. pp and p-Pb collisions
» Coalescence production mechanism at play

ALICE Collaboration arXiv:1809.10922
DOI: 10.1016/j.physletb.2019.04.046
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A_production in heavy ion collisions

CID 3 L T I LI T I T 1 1 | T 1 T I LI T I T | I T g 2- T 1 1 1 | LI L L I L | T 1T T 71 '[ L L L l 1
e . - c [ AL ly|<0.5, 0-80%
< « 0-80% Pb-Pb, | sy, =5.02 TeV, |y|<0.5 al (% pEPb reference from JHEP 04 (2018) 108 ]
- 0 e "+ —1 09 i
, PP.s= 7 TeV, ly|<0.5 Average D°, D7, D7, |y|<0.5, 0-10% (arXiv:1804.09083)
- (JHEP 04 (2018) 108) o 1 -5__ & DI, |y|<0.5, 0-10% (arXiv:1804.09083) i
21, P-Pb,|5,,=502TeV, -0.96<y<0.04 i "+ charged particles, [|<0.8, 0~10% (arXiv:1802.09145)
L (JHEP 04 (2018) 108) . - 1
: ALICE L T e -
- |‘1‘| T ALICE
e L] g L H‘}' Pb-Pb, {5, = 5.02 TeV E
i H T 0.5( g
| ” = Lo [ o . ﬂ =ﬂ= -
L + — B = ,*E L it_ =
L A i -oBﬂ-E_j:. - T
G L 1 L I 1 1 1 I 1 L 1 l L L L I L 1 1 I 1 1 1 I L G 1 1 1 1 I 1 1 1 1 | 1 1 L L I 1 1 1 1 | 1 L 1 1 I
0 2 4 6 8 10 12 10 20 30 40 50
P (GeV/e) P, (GeV/c)

o ALICE measured A_in Pb-Pb collisions at 5.02 TeV for 0-80% centrality class
« ~2.50 hint of A_/ D° ratio enhanced in Pb-Pb collisions w.r.t. pp and p-Pb collisions
« ~2.00 hint of larger R, of A_than D mesons in 0-10% centrality class

e Charm quark hadronization via coalescence:
o hierarchy of the R,, A.>D_>Non-strange D-meson > pions ALICE Collaboration ariv:1809.10922

DOI: 10.1016/j.physletb.2019.04.046
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A_production in heavy ion collisions

PbPb 44/102 ub™, pp 38 nb™ (5.02 TeV)

X103 44 ub-1 (5'02 TeV Pbe) _I TT | TTT | TTT ‘ TTT | TTT ‘ TT1 | TTT ‘ TTT | TT7 ‘ TTT ' T I__ i
23 CMS Preliminary AE + AE 1.4- CMS Preliminary Ac+ A o 7
- 10 <p_<20GeVic [ ly]<1.0 T 1
Ngzz.sz— ly| < 1_T0 1.2 10 < p, <20 GeVic T ]
= 225 Cent. 0-100% | (O PP.....J i Cent. 1
= E B uncertainty | T 0-100% ]
52156 g T 1
= - <0.8[- cent. 30-100% I 7]
0 21 @ L i 1
L TF 0.6l i -
820-5:—+ i + s ]
° . i T 1
: 0.4f + ¢ -
§ 20 iData Cent. 0-30% ; , E
19.5F -Signal+Background 0.2 {' I &
- --Background i T 1
19?I T | T I i ‘ oY ‘ EE | TEr) ‘ Y 0 i\\\‘ill\‘\Illll\\fll\ll‘\lll‘\\\\III\\lI
215 22 225 23 235 2.4 0 50 100 150 200 250 300 350 400
Moy (GeV/c?) <Noar®
o CMS measured A * production in 2 centrality intervals (0-30%) and (30-50%) in the p_interval
10-20 GeV/c:

« TheR,, for A_*show a hint of suppressed production of A * for p_> 10 GeV/c (0-100%), but
no conclusion can be drawn due to the large uncertainty in the pp differential cross section.

CMS Collaboration CMS PAS HIN-18-009
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A_production in heavy ion collisions

0.7 PbPb 44 pb™", pp 38 nb™ (5.02 TeV) I I L S LN LA
-CMS Preliminary %Data 3’2"’ [ . o080% Pb-Pb, | 5, = 5.02 TeV, ly|<0.5
0.6 PYTHIA8
—lyl<1.0 ﬁ'# PYTHIAS + CR [ Pp.As=7TeV, y|<05
|OA - PbPb — EPJC78 (2018) 348 L © (JHEP 04 (2018) 108)
i 0.5 (] Data: Cent. 0-100% — arxiv:1902.08889 2 p-Pb,|s,, =502 TeV, -0.96<y<0.04 .
L (JHEP 04 (2018) 108)
r ALICE
%- T -
ﬂ i i S
O:IIl‘I\l||\b||\l|\\l|\\i|\\l‘\\l GlllllllllllllllllJJIlJIII
4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12
P, (GeVic) p. (GeV/c)

« The A_/ D°ratio in Pb-Pb collisions, is consistent with the result from pp collisions:
« Resultin contrast w.r.t ALICE observation of a large enhancement in the A_/ D° ratio in
the p_ range of 6-12 GeV/c

> may suggest that there is no significant contribution from the coalescence process for
p.> 10 GeV/c in Pb-Pb collisions

22/05/2019 LHCP 2019- Ramona Lea
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Conclusions

e Thermal models are able to describe the production yields of light flavor hadrons and
(hyper)nuclei within a common chemical freeze-out temperature

e Resonance results support the existence of a hadronic phase in central heavy-ion
collisions that lasts long enough to cause a significant reduction of the reconstructed
yields of short lived resonances: surprisingly nuclei seem to survive thru this phase

e Light nuclei measurement reveals system size dependence of hadronization:

= Evolution of B, and d/p ratio vs multiplicity: is there a single particle production
mechanism?

o Charmed-baryon A, is less suppressed than D mesons: favored production mechanism
is quark coalescence for p; < 10 GeV/c, for higher momenta this has not been observed

« Beautiful picture, but there is still a lot to do and to understand!

» New and more precise data can be expected from the LHC on the presented topics in
the next years
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Production of light (anti-)(hyper)nuclei

After the Long Shutdown 2 data will be collected with better performance at higher luminosity

 Expected integrated luminosity: ~10 nb™ ( ~ 8x10’ collisions in the 0-10% centrality class)

e Precision test of coalescence / thermal production models
» Sensitive to size ratio of the object and the source

e Search for rarely produced anti- and hypermatter: Insights on the strength of the hyperon-nucleon

interaction, relevant for nuclear physics and neutron stars.

108
107

Expected yield

108
10°
10

| I[\Iill‘ TT III1 IIIIIIIW IlHIIIll IIIIHH‘ LI

10°
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'\IIIIIl \IIIHI‘ TTTTT

1
107'¢

10° C  ALICE Upgrade projection
Pb-Pb, \ SN = 5.5 TeV (0-10%)
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Expected significance
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Min. bias integrated luminosity (nb™
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ALICE Upgrade projection :

Pb-Pb, | 5, = 5.5 TeV (0-10%) !

_ iH —°He + it :
B.R. =25% (")

_ 1H —*He + n*
B.R. =50% (%)
‘“He »°He+p+x*
B.R. =32% (")

(*) theoretical
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Hadronization of Heavy Quark

b|::\| 0_3_ LI | T T | T T 1 | L ‘ LI | T T 7T | T 7T T 1 ] DDSS L | ‘ UL ] LI B I 1 T 1 1 T
B ALICE Upgrade Simulation ] ;b R ALICE Upgrade simulation ]
- -1 ] 3 Pb-Pb /s = 5.5 TeV, centrality 0-20 / -
0.25¢ Pb-Pb, {5,=5.5 TeV, L, =10 nb ] ' L sibrih
C ] 2.5 ]
0.21 = DD 30-50% centr. ] L Catania coal, 0-80% Pb-Pb 5.02TeV
- » D5, 30-50% centr. . 2 g::?::gg::fn‘x;; 0-60% Pb-Pb 6.02TeV
0.15 - _$_ _¢B v Ac 10-40% centr. ] .-~ Catania coal+frag extr. i
0.1 } 4 | =
- i‘? o A
0.05 - E
0 EI 1 L I 1 1 | | 1 Il ‘ 1 1 1 | 1 1 1 I 1 1 L | 1 1 1 : | [ i) —?..r 1 L | ‘ |
0 2 4 6 8 10 12 14 16 15 20
P, (GeV/c) p, (GeV/c)

Charm quark number is conserved in strong interaction

Hadronization chemistry: crucial for the interpretation of the heavy flavor hadron spectra
Run 3+4 data will allow the first comprehensive survey of this effect

D, , B, and A_spectra from low to high p_in Pb-Pb collisions

Provide the necessary statistical accuracy to see the emergence of the effect at low p_
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ldentification of nuclej

Higher momenta: time-of-flight measurement in
the TOF

* Velocity measurement with the Time Of Flight detector is
used to evaluate the m?distribution

« Excellent TOF performance: o__, = 85 ps in Pb-Pb collisions

Low momenta: specific energy loss in the TPC
e Nuclei identification via d£/dx measurement in the TPC:

e Excellent separation of (anti-)nuclei from other
particles over a wide range of momenta

-2 -1 0

ALICE Collaboration, Phys. Rev. C 93, 024917 (2016)
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ALICE Collaboration, Int. J. Mod. Phys. A 29 (2014) 1430044
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“More elaborate” coalescence model

o For “large” systems, the size of the emitting volume (V_)
has to be taken into account:
e the larger the distance between the protons and

neutrons which are created in the collision, the less likely
it is that they coalesce

e The source can be parameterized as rapidly expanding
under radial flow (hydro)

e The coalescence process is governed by the same
correlation volume (“length of homogeneity”) which can be
extracted from HBT interferometry

« The source radius enters in the B, and in the quantum-

mechanical correction (C,) factor that accounts for the size
of the object being produced (d, *He, ...)

(2m)3 S
mtVeff(l, mt))

AC) V@, m)

Ve (A, My) (

LHCP 2019- Ramona Lea
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R. Scheibl, U. Heinz, PRC 59 (1999) 1585-1602
K. Blum et al., PRD 96 (2017) 103021

F.Bellini and A. P.Kalweit, arXiv:1807.05894 [hep-ph].
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Centrality of the collisions

_ b e :, Participants
before collision after collision
Centrality = degree of overlap of the 2 colliding nuclei Centrality connected to observables via

Glauber model
Central collisions: '

:g F ALICE Pb-Pbat sy =276 TeV
e small impact parameter b S0F — yeocmbern
e high number of participant nucleons - high 100 f\\ N
multiplicity 3,0.5 — o
Peripheral collisions: ' 10l (8 g |
e large impact parameter b MRk
e low number of participant nucleons - low multiplicity ° 0 T\ ZERG ampiitude (arb, units)

ALICE Collaboration, Phys. Rev. Lett. 106, 032301 (2011)
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Centrality of the collisions: p-Pb and pp

Multiplicity estimator: slices in VZERO-A (VOA) amplitude
Central collision

"-\ ! [0 O l | B B O I | L I  TELGELNL | L L l L] ] | P! FA [ | ] § [ ! O | l i o B § I Eyvk IE
3. 5| @
. = — o
-10% ALICE
£ 10* = 10-20% egpne: P P
N 20-40% = P o -4
o B 40-60% .
L B 60- &
p B S0-
10 —-
i Peripheral collision
10° =
= p H
- —» o Pb
2 B i
1088 3 2 g -
& T i 3
() (o] o -
T e

0 100 200 300 400 500 600 700 800 900 ; ;
VZERO-A amplitude (a.u.) Correlation between impact

parameter and multiplicity is
not as straight-forward as in Pb-Pb
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Statistical thermal model

22/05/2019 LHCP 2019- Ramona Lea

Thermodynamic approach to particle production in heavy-ion collision: all the particles are
produced at chemical freeze-out

Starting point: Grand Canonical partition function (Z) for a relativistic ideal quantum gas of hadrons
of particle type ¢ (¢ = pion, proton,... = full PDG)

Thermal model can predict also the yields of any particle at chemical freeze-out

dN (‘T'" )

Exponential dependence of the particle yield: 22X o pl e
dy

The thermal model predicts an exponential decrease of particle yields with increasing mass at a
given temperature
_Am
T

n.
The density ratio of a particle with the next heavier one: ——=~exp
Ny




Thermal model

= o  orbie 276 Tov ] Statistical hadronization model: thermal emission
3 107 e " Pb-Pb\s =276 TeV 4 from equilibrated source
2k e 0-10% centrality ]
%“' - “."-. P A ] . . .
S 10F Rl {  Particle abundances fixed at chemical freeze-out
T ol ]
: ., Q -
e - . + 2
0 & N GV p*dp
10°2F . LA D72 E—
- ™Jo  exp|—(=£E)|+1
1 D—B L ) __ Tchem
; ":?:He 3H ;
10“F e Data, ALICE ha 4
10 Statistical Hadronization .. 1 = Primordial yields modified by hadron decays:
106 — lotal(after decays) '*--+H93: « Contribution obtained from calculations based
_p e primordial on known hadron spectrum
00 "05 1 15 2 25 3 35 4 e Excellent agreement with data with only 2 free
Mass (GeV) parameters: T,V

Nature 561 (2018) no.7723, 321-330 arXiv:1710.09425 [nucl-th]
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Coalescence parameter B,
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ALICE Collaboration, arXiv:1709.08522
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B, of (t)t and (*He)’He measured in pp and Pb-Pb collisions
First ever measurements of the B_ of t and *He in pp collisions
Increasing trend with p_and centrality observed in Pb-Pb collision
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Hypertriton (3H)

® His the lightest known hypernucleus and is formed by (p,n,A).

e Mass =2.991 GeV/c?
. B,=0.130.05MeV (B,=2.2 MeV, B_=8.5MeV, B, _=7.7 MeV)

(*,H) >, H is unstable under weak decay. Possible decay modes:

*H->3%He+mw  (~25%) P H>3He+a"  (v25%)
P H->3H +a°  (~V13%) PHS3H +a°  (V13%)
3AH Sd+p+m (V41%) 3KH —>d+p+mt (~41%)
PH>d+n+m0 (~21%) H>d+n+a® (~21%)

e Branching ratios are not well known
e Only few theoretical calculations[1] available

[1]Kamada et al., Phys. Rev. C57(1998)4
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