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* Hypernuclei are unique 25—
probes to study nuclear

structure 2F
« Single A-hypernuclei o o
are major source of Za T
gxtractlpg A-N =
Interaction — —- NSC97e
F - NSC97a+NNA
 Correct A-N and A-N-N o5 ---- NSCOTesNNA,
. . i — Nucleoni
interaction needed to L —— Nscona
understand structure of =TT T s
R [km)]

neutron stars
D. Logoteta et al., Astron. Astrophys. 646 (2021) A55
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Hypernuclel

* Hypernuclei are decaying weakly

(about free A lifetime)

* Hypertriton special case: A
separation energy so low that
simple models expect free A
lifetime: d-A system

\
\\‘

(2]

o

—— Hypertriton wavefunction 7:
—— Triton wavefunction

— Potential

e —
o o
Potential depth (MeV)

)=10.6fm

Co L. 130

P. Braun-Munzinger, BD,

Nucl. Phys. A 987 (2019) 144
F. Hildenbrand, H.-W. Hammer
Phys.Rev.C 100 (2019) 3

Symbol Long Name Decay Modes Mass (GeV/c?) | A sep. energy (MeV)
2H hypertriton SHe+ 7~ + c.c. 2.991 0.130
d+p+7" + c.c.
AH hyperhydrogen-4 ‘He + 7~ + c.c. 3.9226 2.169
SH+p+ 7 + c.c.
1He hyperhelium-4 | 3He+p+ 7~ + c.c. 3.9217 2.347
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Motivation

Pb-Pb \s,-276TeV N_=350 1 * Explore QCD and QCD

Thermal model i i icti
vy iInspired model prgdlctlons
~~~~~~~~~~ T=156 MeV for (unusual) multi-baryon
= states
AN
= » Search for rarely produced

anti- and hyper-matter

w 3 * Test model predictions, e.g.
K( thermal and coalescence

-> Understand production

mechanisms

A. Andronic et al., PLB 697, 203 (2011) and
references therein for the model, figure from A.
Andronic, private communication
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Motivation

i Pb-Pb \s,-276TeV N_=350 1 * Explore QCD and QCD
S i Therma mode’ inspired model predictions
St T-156 MeV for (unusual) multi-baryon
107 An = states
10° o
o4 — ey « Search for rarely produced
e AH anti- and hyper-matter
i = __ = 7 * Test model predictions, e.g.
:g AH 4H thermal and coalescence
10° - -> Understand production
H .
10° & mechanisms

A. Andronic et al., PLB 697, 203
references therein for the model,
Andronic, private communication

(2011) and —> Basis are light (anti-)nuclei
figure from A.
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Thermal model

« Statistical (thermal) model with only three parameters able
to describe particle yields (grand chanonical ensemble)

araw KK 0 KR p+P TLE QLT JHeA 4
2 2 Ks 2 ¢ 2 A 2 2 2 2
LI o

> E I I ' ' '
§ 10° F e | | ALICE Preliminary | .
T 402 ;_ R g Pb-Pb @NN:2.76 TeV, 0-10% _:
10 E_ : : L i mamgam s : : : : _3
1 j & Notin fit iy E
10_1 3 0 I;nlapolated , ; : : b =
102 L Model T(MeV)  ,2INDF 3
, | |—THERMUS23 1552  245/9 || E
10 EF  |...GSI-Heidelberg 1562  18.4/9 || s
104 [ |=rrSHARES 156 = 3 15.1/9 - 2
i ' 1 : BR =25% E
5 T ]
g 05 - b ¢u¢ e H e e e 3
a . H . H T H H [u] - D H H ¢J[:] H H ’, E
5 S Qoo Ood b Y- U Lk S T T WY T
§ Ofgvm bR AACEE-EL {:‘% !{% ':’fl:l
b U U UUN: S USRI SUUNNNOY ASRRRNRUTE AU RRRRURt SURRROI I.. 1 =
E—Os I ‘ 5 =
_;—; 4 = ) ) 1ammal — ‘ [ e _:
) g 3 R D el N o I
g o [lrmm ) ) T i | — _E
E 4F N SR S S E

- chemical freeze-
out temperature T,

- baryo-chemical
potential ug

- Volume V

-> Using particle
yields as input to
extract parameters
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SEETHE; Energy dependence

A. Andronic et al., PLB 673 (2009) 142, updated

B | IIIIIIII | III|III| | IIIIIII| I II_/—\ [ I T TTTTTT I T TTTTIH I T TTTTTI T 1
> 180 |- - : :
- - 5 0700 - E

140 |- <4 6001 =
120 [ - 500 F =
100 1 400F =
N fits of yields ] u ]
- 1 300F =
80 O dN/dy = - -
60 :_ O 4r _: 200 E— _E
- —— parametrization 7 100 —
40 — = - .
B |- lllllll | lllllII |- lllllll | Il_ O_ |- lllllll - Illllll lI L1 1
2 3 2 3

1 10 10 10 1 10 10 10

Vs, (GeV) Vs, (GeV)

Thermal model fits show limiting temperature: T, = (159 = 2) MeV
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Predicting yields of bound

states

T e e 4 Key parameter at LHC
energies:

chemical freeze-out

temperature T,

10 ':‘v e - 3He, 3I_I_e

Yield (dN/dy) for 10° events
50)
W

@B | - ‘ Strong sensitivity of
| 1 abundance of nuclei
3: to choice of T, due to:

10°
s 3 1.large mass m
b .3 2. exponential dependence of

\sw@Vv)  the yield ~ exp(-m/Tyg,)

A. Andronic et al., PLB 697 (2011) 203 T :
(2011 -> Binding energies small
compared to T,
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 For the thermal model

description of é 12
production yields, feed- &
down is an important 3 |
ingredient § .
 All light hadron 102k
production yields are 107
populated strongly by 107
resonances 107
« Seems to not be the 126

case for (hyper-)nuclei

F T T T T I T T T T I T T T T I T T T T I T T T T
F ) j
Con . Pb-Pb \/s,,=2.76 TeV :
L .}E central collisions 4
: .. PA -
E ~"~',"..' - =
- & E E
E ¢ el - E
- ., Q E
- b“ .
E J/ E
: = -i}p ;
3 ) E
- Data (lyl<0.5), ALICE . 1
E . .3 E
F e particles 2He 3H E
E = antiparticles uf\ E
é— Statistical Hadronization (T=156.5 MeV) A —E.
- total (+decays; +initial charm) He :
E E
= e primordial (thermal) T!
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4

Mass (GeV)

A. Andronic et al., Phys.Lett.B 797 (2019) 134836
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 For th.e ’Fhermal model s T ey j
deSC”pthn Of E central collisions ?
production yields, feed- & ;
down is an important § ;
iIngredient 2 n ]

 All light hadron : 1
production yields are 102 O e S0 1, 1
pOpu|ated Strong|y by 10‘4? = antiparticles uA 3
resonances 10‘5é— Statistical Hadronization (T=156.5 MeV) A —E.

10°® i— total (+decays; +initial charm) He;

« Seems to not be the s primordial (thermal) £ 3

. 10_7 oo by by by by by by
Mass (GeV)

A. Andronic et al., Phys.Lett.B 797 (2019) 134836
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 For the thermal model

description of é 12
production yields, feed- &
down is an important 3 |
ingredient § .
 All light hadron 102k
production yields are 107
populated strongly by 107
resonances 107
« Seems to not be the 126

case for (hyper-)nuclei

F T T T T I T T T T I T T T T I T T T T I T T T T
F ) j
Con . Pb-Pb \/s,,=2.76 TeV :
L .}E central collisions 4
g A E
3 " = E
s brem .
- ., Q E
- .“ .
E J/ E
: = -i}p ;
3 ) E
- Data (lyl<0.5), ALICE . 1
E . .. 3 3
F e particles 2He 3H E
E = antiparticles uf\ E
é— Statistical Hadronization (T=156.5 MeV) A —E.
- total (+decays; +initial charm) He :
E E
= e primordial (thermal) T!
1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
0.5 1 1.5 2 2.5 3 3.5 4

Mass (GeV)

A. Andronic et al., Phys.Lett.B 797 (2019) 134836
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e For the thermal model BD, G. Répke, D. Blaschke, arXiv:2206.10376,

o accepted by PRC
description of . 40r
. . O
production yields, feed- 2o — —
down is an important ol | L %
iIngredient o
 All light hadron i
production yields are j:
populated strongly by F —
reSO n a n CeS 10 —_— AL.ICE dlata,. Pb-Pb \/STN =276 TeV, 0-10% central.
» Seems to not be the |
case for (hyper-)nuclei ’ Protons Antiprotons

A. Andronic et al., Phys.Lett.B 797 (2019) 134836;
Nature 561 (2018) 7723, 321; Phys.Lett.B 697 (2011) 203;
Phys.Lett.B 792 (2019) 304
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BD, G. Répke, D. Blaschke, arXiv:2206.10376,

* For the thermal model accepted by PRC
description of > B
production yields, feed-3 " 77
down is an important 10.11 e ——
ingredient 107
+ Al light hadron o ~— .
production yields are 1055 e r,esas uev, o7 e, v trs o eryssons 2o on
populated strongly by 10°F = e s
resonances g + E
- Seemstonotbethe § 1~ ----- L o $ ------- + ------------ =
case for (hyper-)nuclei ® **&——— == e T

A. Andronic et al., Phys.Lett.B 797 (2019) 134836;
Nature 561 (2018) 7723, 321; Phys.Lett.B 697 (2011) 203;
Phys.Lett.B 792 (2019) 304
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* For the thermal model V. Vovchenko, BD, B. Kardan, M. Lorenz,
description of H. Stoecker, Phys.Lett.B 809 (2020) 135746

production yields, feed- 1o

down is an important
ingredient

 All light hadron
production yields are
populated strongly by
resonances

Feeddown fraction (%)

N
o

« Seems to not be the 1

case for (hyper-)nuclei s [GeV]
at LHC :
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* For the thermal model bl 01BaMaV] e+
description of " AHe
production yields, feed-
down is an important 1* 0.942 50,036 _
ing redient e 1 1.:3;; f.;g?g 1.405 £ 0.003 -

 All light hadron
production yields are
populated strongly by :
resonances 0* 2.169 + 0.042

« Seems to not be the

case for (hyper-)nuclei Exited states have higher population due to
_ degeneracy 2J+1:
* Important for A=4 Sharing yield in fraction 3 : 1

hypernuclei ! (mass difference is only 1 MeV to about 4GeV/c?)

0* 2.347 + 0.036
v
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d Nuclei are formed by protons
and neutrons which are
nearby and have similar
velocities (after kinetic freeze-
out)

. Produced nuclei
. => can break apart

J. I. Kapusta, PRC 21, 1301 (1980) - created again by final-state
coalescence
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ALICE-PUBLIC-2017-006 H I. I C E
‘I_/\ I | T I [ I I T T I T | I T T I I T I [ T I I T T I | I I ?
O ALICE Preliminary =
S 10 3 :Mx‘sﬂ —é,
(05) o S ly| < 0.5 =
= e e, e e 3
S e e s
O 0T T e : - —
% = . = oo - ST g Bas =
E 1072 E_ %ﬁ% “"*"tﬁfﬁ@%%N \ - =
Y LSS e, ., -~  Pb-Pb =
q>) 10_3 L :‘:E-:\:,Qmmm {’?.:.:.\ -
P = cos g “*ier g deuterons, Pb-Pb \s,, = 5.02 TeV =
= = \Snn ]
= 104 LS “‘%-;% * e 0-5% (x512) e 5-10% (x256) ]
= 2. 10-20% (x128) 20-30% (x64) =
- ) 30-40% (x32) 40-50% (x16) -
10° Co— o 50-60% (x8) o 60-70% (x4) —
= PP e 70-80% (x2) e 80-90% (x1) =
6 - --- Individual fit O ppINEL\s=13TeV™]
1 O E INEL normalisation uncertainty: 2.55% a
1 I | 1 | | I | | 1 | | 1 | | 1 I | | | | I | | | 1 I 1 |
1 2 3 4 ) 6

P, (GeV/c)

« pT-Spektra getting harder for more central collisions (from pp
to Pb-Pb) - showing clear radial flow
« Blast-Wave fits describe the data in Pb-Pb very well

« No hint for radial flow in pp
ExHIC Workshop - Benjamin Donigus 19
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ALICE Collaboration, arXiv:1910.07678

ALICE Preliminary, \/SNN =5.02 TeV, 0-10%

o (mem)2 o (K+K)2 « Simultaneous Blast-

gﬁrﬁ)/z o d . .

~ o e o t

i e 0 ‘He  ---- Combined Blast-Wave fit Wave flt Of TC+, K ’ p’
e, d, t, 3He and “He
St SPectra for central

Pb-Pb collisions
leads to values for
=== | {pand T, close to

%

10°° i
107 P == i _ those obtained when
b only K p are used
0 1 2 3 4 B 6 7 3
P, (GeV/c)

 All particles are described rather well with this simultaneous fit

ExHIC Workshop - Benjamin Donigus 21
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ALICE
‘§102 ‘ @ AUCE . Production of (anti-)
© 10 nuclei is follwing an
1 exponential, and
10~ decreases with
102 mass as expected
1073 from thermal model
104  In Pb-Pb the
107 m ,penalty factor” for
6 each additional
13_7 0-10% Pb-Pb, \'s,,, = 2.76 TeV baryon ~300 (for
B T S N N Y S N particles and anti-

-4 -3 -2 -1 0 1 2 3 4 particles)
A

ALICE Collaboration, arXiv:1710.07531, NPA 971, 1 (2018)
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5 102@ . ALICE Preliminary * Production of (anti-)
S 10F ~ nuclei is follwing an

1E exponential, and
107'E decreases with
107 mass as expected
18_45 from thermal model
e + In Pb-Pb the
106 Jpenalty factor” for
107E | each additional
10‘;3 ° PPb Vs =502TeV, NSD baryon ~300, in p-

of u b (e <2 20% .
e Pb ~600 and in pp

05 1 15 2 25 3 35 4 45 ~1000

m, (GeV/c?)
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5 L) T J
Deuterons from
'  phase-space coalescence.
‘ Parameters:
4 -Ap =0.28 GeV/c o ®
=3.5f /é——"
. S Slmulatlons 1
~— 3 |—6—Hydro + UrQMD, Pb+Pb
x --8--UrQMD v3.4, p+p
|’5_ - ALICE Data:
+ ® Pb+Pb
L 2F m pip
S 2
N [a B
1k @ Thermal fit (Florence). T_= 163.8 MeV _
€ \Without Rescattering
{> With Rescattering
O PR T T S R A | 1l raal
3 10 100 1000
As shown by R. Stock at QM2018, dN_/dn

meanwhile coalsecence published: S. Sombun et al., Phys.Rev.C 99 (2019) 014901

d/p ratio described by applying afterburner on Hybrid

ALICE

UrQMD simulations — similar results for thermal approach

ExHIC Workshop

- Benjamin DoOnigus
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60007 T |||]||I T T ||I|I|] Illllll HLICE
' n - [E]Pb—Pb VS = 2.76 TeV (PRC 93 (2015) 024917)

2 0.006 [#]p-Pb, {5,y = 5.02 TeV (arXiv:1906.03136)

— [ pp, {s = 900 GeV, d/p (PRC 97 (2018) 024615)

¥o) — [Elpp, \s =276 TeV, dip (PRC 97 (2018) 024615)  ALICE Preliminary
AN 0.005— [Klpp, Vs =7 TeV, d/p (PRC 97 (2018) 024615)

[@]pp, Vs =7 TeV (PLB 794 (2019) 50-63)

[m]Pb-Pb, |5, = 5.02 TeV

~~

\\‘-,‘

S0t

\

&

|

| —
l||l|l||||||ll|lll||lll|||||||llll

Q -

A ¢

-

$ S

N : 7

: s 7

0.004f— % 2 Vo5 N e o =
0.003F- AN .-
- .M QO N
o - i SHaE-DA
0.002— Thermal-FIST CSM (PLB 785 (2018) 171-174) X §8 @
n - T=155MeV, V, =3 dV/dy o 8o
0.001 —T=155MeV, V, = dV/dy < @,g &
— —Coalescence (PLB 792 (2019) 132-137) . 8 N ~ )
___________ 27 o)
Or‘ | 1 1 1 11 l|| 1 | | I I | III | | 1 1 1 l||| | | | % Q N s N

3

1 10 102 10 331853
<chh/d'7| IO>I Soaoa

d/p ratio rather well described by coalescence and
(canonical) thermal model
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8 1 | I 1 1 | I I LI | H L IC E
” % 10_5 """""" + ] Q"
—_ k'\
= o ) ﬂ’me’l'- ~4- M o
O ¢"‘ - | - x
- o . ; ] @) O
S 1 £ 9
- < s
o i CSM (Thermal-FIST), T = 155 MeV ] G T
" — V,=dV/dy ---- V,=3dV/dy g -
107°f Coalescence = - QQJ
- - = - Three-body -:= Two-body . C/:)) N -
- __ . .M O N
L [¢] ®He + °He, p-Pb, 5.02 TeV N > v § -~
B [e] °He + °He, p-Pb, 8.16 TeV . X 8
2 « ®He, Pb-Pb, 2.76 TeV [¢] 2 « °He, Pb—Pb, 5.02 TeV (Prel) - ® ‘5 § ‘5
[+] 2 « °Fe, pp, 7 TeV [0] ®He + °Fe, pp, 13 TeV (Prel.) SN o N
1077 -[0]°H + °A, p-Pb,5.02 TeV [ 2 « °F, Pb-Pb, 5.02 TeV (This work)— RN > o
C o 1 Lol 1 Lol L w oun &) > oo
> 3 SO~
10 10 10 ‘8 T M % o
N o ~
(d O|77|ab>|,7 <05 =OQOQ

3He/p and 3H/p ratios are similarily well described by
coalescence and (canonical) thermal model
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4y + K" = H+ G
i gn K ;—-K Kg K+K™ +K* o _ A _E_ QEQ d - Al 3He “‘He ‘Mo
©
9 4;- 0 0 0

oS > 10% ¢ ! ! ! ! ! ! ! ! ! B

-8 2 10° e ICE. 0100 PhoPh vE— o 76 Thy T
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El:‘ © 57 Not in fit -

LR 10°2 ¢ Extrapolated : : _ ‘ : : _ . T

S8 N Model T(MeV)  V (im) X2/NDF | | i | = B
S 105 L |—THERMUS 23 155+2  5924+543 24811 |} {BR = 25% g i
ISEST — H : : H =
LN = =1 GSI-Heidelberg 156 + 2 5330 + 505 19.6/11 |: : ! :

N — ' i e [
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« Different model implementations describe the production probability,
including light nuclei and hyper-nuclei, rather well at a temperture of
about T, =156 MeV

ExHIC Workshop - Benjamin Dénigus

ALICE Collaboration, arXiv:1710.07531,

NPA 971, 1 (2018)
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Hypernuclel
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Bound state of A, p, n
m = 2.991 GeV/c? (B, =130 keV)
- Radius of about 10.6 fm

3He Decay modes:

H —° He + 7
?\H—>3H+7TO

*H—od+p+7-

3

“H

7 *H—-d+n+7"
+ anti-particles
- Anti-Hypertriton first observed by

@ STAR Collaboration:
prim. vtx. S Science 328,58 (2010)
ExHIC Workshop - Benjamin Donigus 29
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Hypertriton signal

T

..
.

III|III|]II|[II|I

IIIIIIIIIIIIIIIIIlllllllllllllllllllll

I|III|I

Il[llllllllllllllllllll

ALICE Performance, 28/11/2016
\]sNN =5.02 TeV
Pb—-Pb, 0-80%

ly] < 0.9

III|III|'I_._I-|III|II]|II[|III|I

no
©
~

298 299 3

3.01 3.02 3.03 3.04 3.05
M(*He, = &°He, ©*) (GeV/c?)

10”7

ALICE

==

~-- Fit

Uncertainties: stat. (bars), sys. (boxes)

ALICE Preliminary
Pb-Pb \(sN =5.02 TeV

10-40% centrality

\
—IlllllllllllllllllI|IIIIIIIIIIIIII|I]\‘IIIIIII|

0

1 2 3 4

« Clear signal reconstructed by decay products

« Spectra can also be described by Blast-Wave model
—> Hypertriton flows as all other particles
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Hypertriton spectra
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ALICE Preliminary
Pb-Pb \s,, = 5.02 TeV

10-40% centrality

Uncertainties: stat. (bars), sys. (boxes)
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P, (GeV/ce)

107”7

ALICE

IlIIII|

%gﬁ

*H> *He +

- Fit

%ﬁ—) *He + n*

- Fit

Uncertainties: stat. (bars), sys. (boxes)

ALICE Preliminary
Pb-Pb VSN =5.02 TeV

10-40% centrality
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 Anti-hypertriton/Hypertriton ratio consistent with unity vs. p;
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Fits: different view

.. A Andronicetal, arXiv1901.09200 - Excellent agreement over
C 10°kea Pb-Pb \[5,,,=2.76 TeV 9 orders of magnitude
_-Z 102 ™ L( central collisions
& of A 1 + Fitof nuclei (d, *He, “He):
3 f - : T.,=159 + 5 MeV
ke 3 L 3
£ 107 - g J/ : i
> U F "o ch g * No feed-down for (anti-)
10%F ; (hyper-)nuclei
. Data (lyl<0.5), ALICE
10 E . .'.. 3
= e particles . ,ue 3y . h K t of
10*F = antiparticles 2s c arm quar S.’.OU. °
105k Statistical Hadronization (T=156.5 MeV) el e chemical eql_JIII!Drlum,
joef — fotal (+decays; +initial charm) . He undergo statistical
-----=- primordial (thermal) F hadronization
o7 b L b L b b .
0 05 1 15 2 25 3 35 4 - only input: number of

Mass (GeV) ccbar pairs
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Hypertriton - J/yy comparis

l ALICE
Statistical Hadronisation Model
dof? / dy x shad. = (0.532 = 0.096) mb

ALICE data

Jhp —e'e, ly1<0.9
(preliminary)

ALICE data

’H — 3He+n~, 1y 1<0.5

\/ Syy=2-76 TeV, Centrality 0-10%

i

- Pb-Pb, |5, = 5.02 TeV
- Centrality 0-20 %

5

P. Braun-Munzinger, BD, Nucl. Phys. A 987 (2019) 144

-+

p. (GeV/c)

Shape of the pt spectra of J/y and hypertriton agree very well, despite

the binding energy of the hypertriton is 2.35 MeV and of the J/y 600 MeV
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 Recent STAR
preliminary results
are slightly
overestimated by
models

* Trend vs. energy
described
qualitatively by all
models

[

TTTIT] IIIIIITI] IIIII|T|'| ||||||T|'| URLRRLIL B ERLELL I LR AL B TTTI T IIIIIII| T IIII]II| T I[IIII]I

107"

1072

e S —
S 3 3
(2 N )

—h
=
(o]

- @ Au+Au 0-10% (STAR)
® Au+Au 0-10% (STAR preliminary)
¢ Pb+Pb 0-10% (ALICE)

Central Au+Au

— Hybrid URQMD

— Coalesc. (JAM)

---- Coalesc. (DCM)
------ Thermal
—- PHQMD

Assuming B.R. (i""H
—*He + ") = 25%(50%)

‘e
.
e
.
e
.
e
.....

10 30
IS\ [GeV]
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DCM & Hybrid UrQMD: J. Steinheimer et al. PLB 714 (2012) 85
Thermal: A. Andronic et al. PLB 697 (2011) 203

PHQMD: Susanne Glé3el et al. PRC 105 (2022) 014908,

V. Kireyeu et al. arXiv:1911.09496

JAM: L. Hui et al. PLB 805, 135452 (2020)

Pb+Pb: ALICE, PLB 754, 360 (2016)
STAR at 3 GeV: PRL 128, 202301 (2022)
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o Hypernuclei yields
SQMtalkby Y. i

Au+Au 3 GeV, lyl<0.5 Thermal model

[0}
g 10_1:_ ® 0-10% ----With {H* feed-down XH*(]-F — 1) e XH(]-F = O) s Y
E . O 10-40% ~:No 4H* feed-down
= | STAR preliminary
(@)} 5
= ¢ oo {H/'He * Thermal model calculation,
5 | E@ BH including excited H* feed
[= i S s 3 H H
= ~o H/’He : wn
= e t with 4H" down, shows a similar
i Sso I
‘é 102 \'HL | feed down trend.
R = i N‘N\....\
— %
5 i
O I
"é " Assuming B.R.(""H—""He+')=25%(50%)
-c 1 1 I 1 1 1 | I 1 1 | | | | | | 1 | | |
© 1 2 3 4 A. Andronic et al, PLB 697, 203 (2011)
> Mass number A (updated, preliminary) (Thermal Model)
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p-Pb collisions

« Stronger separation between models as for other particle
ratlos mainly due to the S|ze of the hypertrlton

Hypertriton in pp & p-Pb

« Hypertriton signal recently also extracted in pp and

(5

ALICE

—
CO

—
»
T T

Entries / (2.5 MeV/c?)
T

» (o¢]
T

IIIIIIIIIIIII|IIII|IIII|IIII‘IIII‘ IIII 1

!

\
ALICE Performance 1 I

High multiplicity trigger

'

——— Signal + Background —:

........ Background

I |

pp Vs =13 TeV - 10°°

iH +%ﬁ

= 10

==

EnaEENIRAE

il I.T"I,TT L

lLl‘lllllllll

1
297298299 3 3.013.02 3.03 3.04 3.05 3.06

7 . B.R.=0.25+0.02

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

IIII|
E ALICE p-Pb, 0— 40/ VS = 5.02 TeV

™ <, &5 = | ALICE Preliminary pp, HM trigger,Vs = 13 TeV
= [ # ] ALICE Pb-Pb, 0-10%, s, = 2.76 TeV

;S-body coalescence -

M(He + 1) (GeV/c?) e

10?

ALICE Collaboration, PRL 128 (2022) 252003, arXiv:2107.10627 (dN
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« Hypertriton signal recently also extracted in pp and
p-Pb collisions

« Stronger separation between models as for other particle

~

~

ratlos mainly due to the S|ze of the hypertrlton =
& |||||||||||||||||||||||||||w||w|] TTTTT 1] U) L R B B R ‘\N

— — - ALICE p-Pb, 0- .02 TeV QD
8 18: ALICE Performance . 0.9 E’ CE p- F) 9 40/ sy = ?02 © - \N_’C"j
> C /s - 13 TeV ] . ALICE Preliminary pp, HM trigger,/s = 13 TeV o =
o 161 . PP S_‘. - u 0.8 k [ ¢ ] ALICE Pb-Pb, 0-10%, |[s,, = 2.76 TeV / © D
> B High multiplicity trigger T E B.A. = 0.95+ 0.02 /é ~ S
14 — 3 375 ] o CoToee 1 QN
LO. C 0 + AH+KH ] 0.7 a3 — El E’
$12:— —— Signal + Background — e o= (/) /(A Tp) -
~ L ] 06 T 4 2 q
g o |l Background . - S 3
2 r 0.5 4 2a
£ I : S =
c 8 = - »h Q
L 0.4 :— — I A
6 + — - ] R}
_ 0.3 - ~— 3-body coalescence - % §<
4 0.2 - = 2-body coalescence_: O~§,
‘ - 1 X0
2 ok —SHM,Ve=dvidy 3§ =
----- I 12 E S
il ||||| |||| IIII’—H IIIT IITIT LJI‘ILl Labt by - -~ SHM, Ve = 3dV/idy % S
297298299 3 3.013.02 3.03 3.04 3.05 3.06 (o Lo 11111112 Lo 11111.!3 . §C/)
10 10 10 2
M(*He + 1) (GeV/c?) S

ALICE Collaboration, PRL 128 (2022) 252003, arXiv:2107.10627 ‘AN /dm, 4
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Copious production of loosely bound objects measured
In heavy-ion collisions as predicted by models

Production models (thermal & coalescence) are giving
rather good description at different energies/multiplicities
— Results at small systems seem to sllghtly prefer coalescence

Models describe the \102 o T AUcEdata { STARdata
L - H H od, d
(anti-)(hyper-)nuclei data " ., =R olHe TE

1. = ,He = “He, “He

rather well 107 "

Ratios vs. multiplicity trend 1w
described by both models .

New and more precise data
can be expected in the next w7 "™

10°L s

years orob Lin

BD, Eur. Phys. J 56 (2020) 258
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