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Hypernuclel

e Ahypernucleusis a nucleus which contains at least one hyperon (a baryon containing
one or more strange quarks - A, X, =,Q) in addition to nucleons

First hypernuclear event observed in a nuclear
emulsion by Marian Danysz and Jerzy Pniewski
in 1952
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Hypernuclel

e Ahypernucleusis a nucleus which contains at least one hyperon (a baryon containing
one or more strange quarks - A, X, =,Q) in addition to nucleons

e Main goals of hypernuclear physics:
o  Extension of nuclear chart to a third dimension
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Hypernuclel

e Ahypernucleusis a nucleus which contains at least one hyperon (a baryon containing
one or more strange quarks - A, X, =,Q) in addition to nucleons

e Main goals of hypernuclear physics:

o  Extension of nuclear chart to a third dimension
o  Study the structure of multi-strange systems

di-Omega dibaryon.
Image credit: Keiko Murano.

13/11/2025 1|




Hypernuclel

A hypernucleus is a nucleus which contains at least one hyperon (a baryon containing
one or more strange quarks - A, X, =,Q) in addition to nucleons

Main goals of hypernuclear physics:

o  Extension of nuclear chart to a third dimension
o  Study the structure of multi-strange systems
o  Study nucleon-hyperon (N-Y) interaction:

m  Production of exotic bound states

m Determination of the equation of state

m Application to neutron stars:

® Determination of NS properties

Hyperon puzzle: the problem of the strong softening of
the EoS induced by the presence of hyperons which,
although being energetically favorable, leads to
values of M™ incompatible with the recent
observations of 2M  millisecond pulsars, is still an
open issue
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https://link.springer.com/article/10.1140/epja/s10050-025-01539-z

YN and YY interaction

e The mainingredients to understand the role of hyperons in NSs are the YN &YY
interactions. But how much do we know to constrain them?
e Unfortunately, much less than in the pure nucleonic sector

o (mb)
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Very few YN scattering data due to short lifetime of
hyperons & low intensity beam fluxes

o AN and XN: <50 data points

o =N very few events
No YY scattering data exists

NN: > 5000 data for E <350 MeV




Constraints YN, YY & YNN interactions from Femtoscopy
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https://www.nature.com/articles/s41586-020-3001-6
https://www.sciencedirect.com/science/article/pii/S0370269320306523#fg0010
https://www.sciencedirect.com/science/article/pii/S0370269322003574

Hypernuclel

e Alternative and complementary information can be obtained from the study of

[

i

3 4 5 & 7 8 9 10 13 15 19 20 27 28 30 40 49 50 60 70 80 8 90 100 110 120 125

hypernuclei with the goal of relating hypernuclear observables with the underlying
bare YN & YY interactions
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Production of single-A hypernuclel

Strangeness exchange (BNL, KEK, JPARC) Associate production (BNL, KEK, GSI)
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https://indico.gsi.de/event/23172/contributions/94114/attachments/53502/80714/20251113_EMMI_Hashimoto.pdf

Hypernuclear physics at J-PARC

A lot of progress in hypernuclear research

e High-resolution spectroscopic study of
S=-2 hypernuclei

o Accessto =N (S=-2) interaction and
deepened knowledge of AN, XN (S=-1)
interactions

e Study of charge-symmetry breaking in
the AN interaction

® Precise determination of N scattering
parameters
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_|S. H. Hayakawa,PRL 126 (2021) 062501
_LIM. Yoshimoto et al.,.PTEP 2021, 073D02
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.126.062501
https://academic.oup.com/ptep/article/2021/7/073D02/6325211

J-PARC EO7 experiment

J PARC EO7 experlm nt

Experimental apparatus
2016-2017

J PARC Ibarak| Japan
=i = S Emulsion module
};/// ot I g

13/11/2025 '

tracking detector




J-PARC EO7 experiment

» PA| AA candldates 14 | TwmAevents 13 et Others 6

S. H. Hayakawa et al.,
Physical Review Letters, 126, 062501 (2021)

R »
Experil M. Yoshimoto et al., ind
P Prog. Theor. Exp. Phys. 2021, 073D02
2016-20.  Be 15_C
AA =

™ J-PARC, |

H. Ekawa et al., Prog. Theor. Exp. Phys. 2019, 021D02
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J-PARC EO7 experiment

T .

J PA| AA candldates 14 TwunAevents 13 _ : chg.rs;.G

| ® Non-triggered events recorded in 1300 emulsions sheets
e 1000 double-strangeness (A\ and =7) hypernuclear events
e Millions of single-strangeness hypernuclear events

e Scanning for EO7 emulsions with ML techniques reduced
the time needed for analyses from 500 years to 3 years!

b Experil
ES
, . H.Ekawa et al.,, Prog. Theor. Exp. Phys. 2019, 021D02

More details on Christophe’s slides
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https://indico.gsi.de/event/23172/contributions/94359/attachments/53501/80701/EMMI_2025_HypML3.pdf

Discovery of the first hypertriton event in EO7 emulsions
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| ITakehiko R. Saito et al,, Nature Reviews Physics, 803-813 (2021)
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https://www.nature.com/articles/s42254-021-00371-w

AH and gH binding energy
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\H Binding energy:

o Theory:0.13 +0.05 MeV

o STAR(2020):0.41 +0.12 +0.11 MeV

o ALICE (2023):0.102 £ 0.063 + 0.067 MeV
o EO07(2025):0.23 +0.11 MeV

(]G Bohm et al., NPB 4 (1968) 511

[ IM. Juric et al., NPB 52 (1973) 1

| JSTAR Collaboration, Nat. Phys. 16 (2020) 409

_LJALICE Collaboration, Phys. Rev. Lett. 131, 102302 (2023)
_LJA Kasagi et al, PTEP 2025, 8 (2025)



https://www.sciencedirect.com/science/article/abs/pii/0550321370903354
https://www.sciencedirect.com/science/article/abs/pii/0550321373900849
https://www.nature.com/articles/s41567-020-0799-7
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.131.102302
https://academic.oup.com/ptep/article/2025/8/083D01/8217248?login=false

Discovery of double-A hypernucleus: xh\B

o ¥ B:Uniquelyidentified

o 2nd casein the history after E176 event

B,,=25.57 +1.18 + 0.07 MeV

AB,,=2.83+1.18+0.14 MeV

Yan He, et al., arXiv:2505.05802
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https://lib-extopc.kek.jp/preprints/PDF/1991/9127/9127059.pdf
https://arxiv.org/abs/2505.05802

Jefferson Lab and MAMI
High-resolution Spectroscopy of

Light Hypernuclei with Decay-Pion
Spectroscopy
AT T




Hypernuclel detection via it spectroscopy

Decay Pion Spectroscopy (DPS) e Hypernuclear Mass Spectroscopy
¢ > with high-resolution,
e beam , | + high-precision, high-accurac
(2o Target K :| " gh-p , NIg y
I\D/Lr(t)ltﬂ:;\rll ° 3 e Principle:
c o Measurement of monochromatic
o o . .
5% decay pion from hypernuclei
\) 2 g stopped in the target emitting pion
ol in two-body decay
‘@ ‘@ Q ] %Dt% (e.g.*,H~>"*He+m)

Hyper-Fragment ~ ~100 MeVj/c

R o alis o Identification from known (or

expected) B,

/'\/\ o Tagging K* for background
A — A 2 2 2
M(AZ) = \/M( (Z + 1) ) "@"‘ suppression from non-strangeness
production

13/11/2025




Possible hypernuclel & Expected Pion Momenta

e Specific decay pion momentum each
hypernucleus

e Well known daughter particle masses

e Precise pion momentum - Precise
hypernuclear ground-state mass

Example, 4\H — 4He + 1 - k
MAZ) =M (Z +1) )+ p? + M2+ p?
M(x) = 3727.3794118(11) MeV/c?
M(T) = 139.57039(18) MeV/c?
p(m) = 133.03(6) MeV/c
\_ M(#\H) = 3922.56(4) MeV/c? )
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Hypernuclei | Decay mode | p,- (MeV/c) comments
*H ‘He + n~ 114.37 11
A
;\H ‘He + n~ 133.03
e e v Impossible 2-body decay
g
%II\. = 9926 Impossible 2-body decay
J\H ‘He + 1~ 135.27
¢ He *Li+a~ 108.48
:\Li Be—7= = No B, data, above Sp
1 He Li+n 115.10 7Li target
Z\Li "Be + 1~ 108.11
é\B» LE~prr= 95-94 Impossible 2-body decay
He SLi+ 7~ 116.47
?\Li SBe + 71~ 124.20
QBe B+~ 97.19 No B(g.s) decay 9B
AL °Be + 1~ 12131 e target
ZBe B + 7~ 96.98
B °C+n~ 96.82
{lgLi 0Be + - - No B, data
» Be B 4+ 7~ 104.41
i\OB 10C 4 7~ 100.49
g 1C 4 7~ 86.54 0
128 12C 4 n~ 115.87 C target
gc DN+ 7~ 91.48 No 2N(g.s) decay
e 3N+ 7~ 92.27
%\4C N + 7~ 101.20
i\:N 40 + 7~ - No B, data
A N B0+~ 98.40 16
{\6N 160 4+ 7~ 106.23 O target
°0 16F + 7~ 86.54




* Hin DPS at MAMI
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gﬁ’;lﬂf“ }}—O—l | M. Raymund et al. NC 32 (1964)
B, (* H)(MAMI 2012) =2.12 +0.01 + 0.09 (MeV) Messeinoer e
w+'He { H MAMI 2014 (SpekC, 250 um Be)
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] A1 Collaboration NPA 954 (2016) 149
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https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.232501
https://www.sciencedirect.com/science/article/pii/S037594741630001X

Latest results of hypertriton data (MAMI)

e Subsequence exp. was donein 2022:

40 1 1 =
o Different target (Be > Li 2.7 g/cm?) AH— "He +m

35
e Findingtwo peaks on pion spectrum

o % H-=%He+m (~133 MeV/c)

30

25

Pra-
3H— SHe+mn~ e///)?/',
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3 3 - (0 4"5’
o * H-> Het+m (~114 MeV/c) S 757'/]/
e Reliable peak resolution 2.
o FWHM ~ 100 keV/c . N J Acci(‘ﬂental backgréunc‘l
- I
e Statistical error: | 1 J\' »~ W N ﬂ‘ W
2 ‘1 Wr"w —%—'H ”M w M“q [WIM
. . 105 115 120 125 130 135 140
e PionYield: pion momentum (MeV/c)

4 .3 - 2.
o “H:}H=3:1
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Results from heavy ion collisions




Production models

o KK K ¢ p P A ETT Q‘ﬁ*d d °He Fle JH IF ‘He ‘Fe

e Statistical hadronization models (SHMs)

. . . T heiel i i | ALICE, 0-10% Pb:Pb, {5 276Tev‘-
o describe theyields of light- flavoured 3 [ Tttt eea | moway, m T
hadrons by requiring thermal and i EE %‘?‘44’:*3
hadron-chemical equilibrium R T o e o ML I T B
- Parameters: (TV u) 1073i |— THERMUS 3.0 15542 5826411 45519} e i g i g ]
A B o [ ]--sHares 156+3 4476 £696 27.6M9f i i i i
. . . 10 [ | Thermal-FIST (energy dep. BW)  155+2 49624363  22.1/19f _._:
o light (anti)(hyper)nuclei are treated as o7 [ lostHedsben svatn __157s2_ airsxaso o] A o
point-like objects 8| osE
\g/
g

L[] ALICE Collaboration Eur. Phys. J. C 84 (2024) 813
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https://link.springer.com/article/10.1140/epjc/s10052-024-12935-y

Production models: Statistical hadronization models

e Statistical hadronization models (SHMs)
o describe the yields of light- flavoured
hadrons by requiring thermal and

hadron-chemical equilibrium
m  Parameters: (T, V, )

o light (anti)(hyper)nuclei are treated as
point-like objects
e Internal structure of hypernuclei plays no
role
o The heavieritis, the harderitis to
produce
m The strong enhancement at low
energies, can be attributed to an
interplay of the temperature

dependence, baryochemical potential
and canonical effects
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L) B. Dénigus, Eur. Phys. J. A (2020) 56:280
[l A Andronic et al, PLB 697 (2011)203



https://link.springer.com/article/10.1140/epja/s10050-020-00275-w

o ALICE data 4 STAR data
H od, d

WASA-FRS [N
HypHI (GSI)



https://indico.gsi.de/event/23172/contributions/94359/attachments/53501/80701/EMMI_2025_HypML3.pdf

Light hypernuclei identification

e Fixed target, Reaction : °Li+ **C @ 1.96 AGeV or Vs, =2.7 GeV
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Light hypernuclei identification

e Fixed target, Reaction : °Li+ *C @ 1.96 AGeV or Vs, , = 2.7 GeV

. Same Event pairs

S Mixec;i Evgentzs p:;g\irsé
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After machine
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Light hypernuclei lifetime determinations
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Hypernuclei from Ag+Ag Vs,

B x10°®
Zg 7= HADES Preliminary
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Light hypernuclei production
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Production as a function of transverse momentum and rapidity
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Hypernuclel production mechanism

e Compare rapidity distributions of
light nuclei, hyperons and
hypernuclei

e Rapidity distributions of light nuclei
(d, t) have a “coalescence-like”
behavior

e Rapidity distributions of Ahave a
“thermal-like” behavior

e Rapidity distributions of hypernuclei
have similar shape as the ones of A
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Hypernuclel production mechanism

e Compare rapidity distributions of T Te— o B C—— Pa—
light nuclei, hyperons and 2° o s 2550 oo | 2 ol st a2t o
hyp ernucl ei g \:_0-25% Centrality o= 2H (scaled) g \:_0»25% Centrality = 3H (scaled)

© i 3 ... © E

e Rapidity distributions of light nuclei s “AH o
(d, t) have a “coalescence-like” <F oF
behavior o S

e Rapidity distributions of A have a i F
“thermal-like” behavior 1 0

e Rapidity distributions of hypernuclei T | 5
have similar shape as the ones of A

e Hypernuclei produced via coalescence
d+A>°H,t+A>* Hwould be
influenced by rapidity distributions of
both d/t and A inheriting
“coalescence-like” and “thermal-like”
features
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e More narrow rapidity distributions of
hypernuclei hint towards “thermal-like”
effects to be dominant, but statistical
uncertainties are still large
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Counts (per 2.0 MeV/c?)
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Hypernuclel reconstruction and p--spectra
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M(*Hepr) (GeV/c?)

Large production of hypernuclei with

A=24,and5

Multi-differential analysis as a function

" " s | L L 1 L L
3.9 3.92 3.94 3.9

¢ pHe->"He+p+m
Au+Au 3.0 GeV

[~ - Same-Event (SE)
| — Backgrounds (RT)
- -+ SE-RT 4

| SHe signals = 73145

| 1.0<p.<5.0
 -1.0<y<0.0

e T Y NI S
4.8 4.82 4.84

M(*Hepr) (GeV/c?)

of p_, energy and rapidity




Particle yield comparison with Thermal model at 3 GeV

07 AU+AU |5y = 3.0 GeV e Thermal model predicts appr.OX|mate
P 0-40% exponential dependence of yields/(2J+1) vs A
& 10 LA e Light nuclei overestimated by thermal model
0
I with feed-down from unstable nuclei
> “He del i 4 d* He aft
SHE - S T = 2y ® Modeloverestimate” H and” He atter
E 10N including feed-down from excited states
AN
21072 & Thermal-FIST (CE) i AH tHY (1% — 4 H (0% +v
2 —Wihfoeddown e, 0 E * He'(1*) — %, He (0*) + v
10 ----No feed-down . 514
O Published ‘e . ATe
10-4 — @ STAR preliminary -
| | ‘ | L | | I 1 | | 1 ‘ | | 1 | | 1 I 1 |
1 2 3 4 5

Mass (GeV/c?)

([ ISTAR Collaboration, PRC 110, 054911 (2024)
_[ISTAR Collaboration, PRL 128, 202301 (2022)
@;}STAR Collaboration, JHEP 10 (2024) 139

[ ISTAR Collaboration, PLB 834, 137449 (2022)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.110.054911
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.202301
https://link.springer.com/article/10.1007/JHEP10(2024)139
https://www.sciencedirect.com/science/article/pii/S0370269322005834?via%3Dihub

Particle yield comparison with Thermal model at 3 GeV

Thermal model predicts approximate
exponential dependence of yields/(2J+1) vs A
Light nuclei overestimated by thermal model
with feed-down from unstable nuclei
Model overestimate * H and * He after
including feed-down from excited states

4 * (1) — 4 +

CHe 1 —» L Ho O 14

102 Au+Au VSNN =3.0 GeV
p 0-40%
—~ 10 STAR Preliminary
L
o F 0 ST
L L A
é ¢ *He
T Nl
3
AN
=~ 4
&1072 & Thermal-FIST (CE) i AH
2 — With feed-down g,
O 103 = ----No feed-down 51
OPublished AHe .. =
104 = @ STAR preliminary \
1 | ‘ | L | 1 I 1 | | 1 ‘ | | 1 | | 1 I | |
1 2 3 4 5}

Mass (GeV/c?)

([ ISTAR Collaboration, PRC 110, 054911 (2024)
_[ISTAR Collaboration, PRL 128, 202301 (2022)
Q;]STAR Collaboration, JHEP 10 (2024) 139

[ ISTAR Collaboration, PLB 834, 137449 (2022)
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0.6—

02—

L Thermal-FIST (CE)

Au+Au |5y = 3.0 GeV
0-40%, mid-rapidity
STAR Preliminary

First hint for the possible feed
down from ° ,He—" He+y

With 3He feed down
No ;.,He feed down

P | M| .
4.8399 4.84 4.8401

Mass (GeV/c?)



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.110.054911
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.128.202301
https://link.springer.com/article/10.1007/JHEP10(2024)139
https://www.sciencedirect.com/science/article/pii/S0370269322005834?via%3Dihub

R_ determination using STAR data

. o L
e Calculations propose thatR, T ok lmer
n< 7" NC26, NPB16, PRC 102
3 o, o - 840(1962) 77(1970) 064002'
(* H) may be sensitive to B, : o $ e
. . NPB67, TAR 2017 1595(1998) =wee 0.2
* By Aseparation energy S I S S
3 _ 3 — ] oo 0.1
— + - Foveiscssssiicorveviavuecevs I ...................................................................................................................................
. B/\ ( /\H) M (d) M (/\) M ( /\H) | ZI‘E-?VNG;(:;;M) ? I i& J.C:é(;&;ngleton
0.2— STAR
B.R. (3 H - He+m) -
R.= i
3 | STAR Preliminary
B.R.(®H~>p+d+m)+B.R. (* H > *He+m) 0

STAR: R, =0.272 £ 0.030 + 0.042
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R_ determination using STAR data

1 o [~ World Average
e Calculations propose thatR, T oosl ™™™ e
3 o, — 840(1962) 77(1970) 064002'
(* H) may be sensitive to B, : o $ e
e B :Aseparationenergy 0.4 4) (I) Sl - |
L , I Y S S N F—
= + - R Uo S A TR ]
. B/\ ( /\H) M (d) M(/\) M( /\H) | gi?stgg;;M) ? . i& J.C:é(;&;ngleton
0.2— STAR
B.R. (3 H - He+m) -
R.= -
3 | STAR Preliminary
B.R.(®H~>p+d+m)+B.R. (* H > *He+m) 0 -
R N
STAR: R, =0.272 +0.030 + 0.042 S ogf v
- 0.6 g
o " b0z 04
02} —
e T | A R Y
B, (MeV)
(LJF. Hildenbrand et al, PRC 102, 064002 (2020) STAR new R, data favors small binding energy of ° H
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https://indico.gsi.de/event/23172/contributions/94097/attachments/53423/80542/2025-11-09-EMMI_NucleiALICE_2025-15.pdf

Hypertriton production in Pb-Pb

° 3/\H has been measured in Pb-Pb collisions at \/sNN =5.02 TeV

gy W B | L B | I LI B B | T T 11 | T 1 171 | L | L | T 1 1 1
O 60 ALICE -
2 [ %Ho®Hesrw Pb—Pb 0-10%, |5,y = 5.02 TeV ]
O - ]
© S0F and charge conjugate 3.0< Pr< 3.5 Gevie -
S C S=111+14 ]
g 40— B(3c)=57+3 —
= F S/B(36) = 1.8+ 0.2 .
8 30k Significance(36) =8.0 + 0.7 _]
'*g' Signal + Background -
o8 ofle 111, L e Background T
103 §1T + r's _:
:I 11 1 1 11 1 | 111 1 | 1111 | 11 *I | 11 + | 1 1 ‘ 1
2.9

III
2.98 2.99 3 3.01 3.02 3.03 3.04
M(°He + ) (GeV/c?)

-
-
e

[ JALICE Collaboration, PLB 860, 139066 (2025)
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https://www.sciencedirect.com/science/article/pii/S0370269324006245?via%3Dihub

Hypertriton production in Pb-Pb

° 3/\H has been measured in Pb-Pb collisions at \/sNN =5.02 TeV

. 0.6
o  More precise wrt Pb-Pb at Vs, =2.76 TeV T =
NN T F ALICE Pb-Pb ]
“’f 0.5 *\Spy = 5.02 TeV ~
o< ®\sy=2.76 TeV 7
0.4_— ]
0af- - =
0.2 B—_
- K .
01 =
C 'H—°%He+n B.R.=0.25 .
NI R R N R SR N R SR

500 1000 1500

(dN_/dn)

In|<0.5

[ JALICE Collaboration, PLB 860, 139066 (2025)
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Hypertriton production in Pb-Pb

3 . . . == Coal. B, =420 keV (STAR) &= Coal. B, = 164 + 43 keV (Ave.)
* A has been measured in Pb-Pb collisions at \/SNN =5.02 TeV ..+ Coal. B, = 102 keV (ALICE) —— SHM

0.6

. [T T T I T T T T | T T T T | T T T 1 ]
o More precise wrt Pb-Pb at /s =2.76 TeV o ALICE Pb-Pb T ;
NN s C T STAR N
"’E 051 |5, =5.02 TeV T 200 oVl
° 3/\H/ 3He shows good agreement with coalescence, assuming o< f *\S =276 TeV V5 =200 GV
04 —+ —
BA2164i43 keV C M T ]
o H + -
- ' T I
021 - =
C T ]
011 T =
- SH®He +n B.R.=0.25 T 1
oo v b v v b e ) ]

500 1000 1500 Zr-Zr U-U

Ru-Ru Au-A

<chh/ C|77>|n|<o.5 A

[ JALICE Collaboration, PLB 860, 139066 (2025)
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Hypertriton production in Pb-Pb

3 . . -w= Coal. B, = 420 keV (STAR) &= Coal. B, = 164 + 43 keV (Ave.)
° /\H has been measured in Pb-Pb collisions at \/sNN =5.02 TeV <.+ Coal. B, = 102 keV (ALICE) —— SHM

0.6
. [T T T I T T T T | T T T T | T T T 1 ]
o More precise wrt Pb-Pb at /s, =2.76 TeV o ALICE Pb-Pb T ;
™ . I STAR ]
T VS =502 TeV I 200 GeV]
° 3/\H/ 3He shows good agreement with coalescence, assuming o< f *\S =276 TeV V5 =200 GV
04 —+ —
BA2164i43 keV C M T ]
03 H + -
- ' T I
021 - =
Lo _I . I ALICIIE Pb—Plb T __I . IALICIIE Pb—PIb T __I . ! ALICIlE Pb—F!b rr 3 - T ]
2 0B 0% (5 =502TeV  E 10-30%, {Sy=5.02TeV I 30-50%, {5y = 5.02 TeV 3 0.1~ - —
I 04p- e, 2 F == Coal B, =420 keV E B SH®He +n B.R.=0.25 T ]
0.35 ."':,~ -+ ml.“.[ =+ : gz::' g" i 182 ie‘t? keV 3 oo b b by ]
E i = F ‘mng, I g A; i 3 500 1000 1500 Zr-7 U-U
03 — = e ey, el 3 @dN_/dn) AuRu  AlAU
025 F II /4//—5\ + RN ) o~ inl<0.5
°'2§";—i’*~ . . 2 g { e p.-differential measurement is also in agreement
E B 275 4 == 22 — 3 . . .
o Tt — with blast-wave with common parameters with
01F °H->%e+r BR.=025 = | ¢ [ R - 3 .
g S e £ other nuclei
008 b b L e e b L W L b L 13 . - .
% 3 4 8 81 &3 & & 81 2 5 4 2 b o  Large statistical uncertainties > Ongoing
p_ (GeV/c) p_ (GeV/c) p_ (GeV/c) . . .
T ! T p,-differential analyses with Run 3 data are

"1 ALICE Collaboration, PLB 860, 139066 (2025) fundamental to disentangle the two models
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Ongoing measurements of 3 H

o ‘Had+p+m’

o A-d background modelled from data:
correlated and uncorrelated background
considered

o  Precision R, measurement underway

More details on Carolina’s slides
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Counts / (0.0017 GeV/c?)
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https://indico.gsi.de/event/23172/contributions/94099/attachments/53431/80561/emmi_2025_Jauch.pdf

Ongoing measurements of 3 H

o ‘Had+p+m’

o A-d background modelled from data: 304 7
correlated and uncorrelated background ///
considered % X’

7/
Ve
o  Precision R, measurement underway 20 Ho/
7/
///
15 4 4
3 H '%H
e 3 H->3H+mn%deca i A
A y

o  Branching ratio never measured expected to >

follow Al rule
0 A

0 3/\H can be directly tracked into the ALICE
innermost detector (ITS)
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o ALICE data 4 STAR data

LHCb | A 2
esHe, *He
; 6

= 4He, “He

experiment
(LHC)




Hypernuclel in LHCb

e L|HCb observed the (anti-)hypertriton on Run 2 pp data: link
e ~100anti-* Hanalysing 5.5 fb™

e Innovative methods for tagging nuclei
o  Allows for complementary measurements with ALICE in the forward region

o T T T g T T T T T T
= g | Year: 2018| LHCb preliminary — y" N
B e a2 Y ]
~~ - v ..... ' £ |
L6 ] A -
5 or T 1
< . ]
204 - i S § _
3= 3 1
EN! AT SV :
S2CPV . p
< [ *,.—
"ok m(H) = 2992.0 MeV ]

C AYVERO(1y =27 AR =95

o[ AT =46 Al =-59 R
<L . L \ 1 . L . 1 L . . I . R
0 200 400
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Future
perspective




o ALICE data 4 STAR data

CBM ™ b e
(FAIR @ GSI)

Compressed Baryonic Matter 7/\\\

HAGES

e, B\

A \\-A»«n II
[
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https://indico.gsi.de/event/23172/contributions/94102/attachments/53446/80581/yjzhou_EMMI_2025_v1.pdf

e Optimal beam energies for hypernuclei production

Excellent vertexing and particle identification
High interaction rates capability enabling raresignal studies, including double-A

PHQMD CBM Geant Simulation Bl Au + Au, 4.93 GeV, SM mbias
f 10° |M=2992.6 MeV/c*> o =15 MeV/c? M = 39309 MeV/c* o =1.5MeV/c? B =MV o = 2O AV Mo AR ANIVIC" 1= L] Mewﬁ
g T g £ 10l |SB=1555/S+B=1645= 287 2 S/B=744S/\S+B=62S= 43
4 [sB=342 S/VS+B =332 S = 1426 2 S/B=5428/{S+B=172S = 350 £ I < 3 £ 7 z 2
& '} TH—Her | & 200 THoHer | 2 | atie~lepn’ & | alig~Tiegiy
i : [ @ data 20+ ® data
¢ data 5 ¢ data 100 - fit bkg . .ofit bkg
---fit bkg ---fit bkg —fit gaus —fit gaus
i — fit gaus X —fit gaus
0.5 100 [ -
| - 50 10
s0f
A"-“ .".'A' ° A' 'Y B - ’ ® | .
=45 4 = 25 T T e 39 392 394 3.96 43 4.82 84 4 88
\ m,,, {Her} [GeV/c’] m,, {(*Her) [GeV/c’] e CHEIHIBEVIC) RG]

Physics data taking by 2028!
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® ALICE data 4 STAR data
H od, d
esHe, *He
= 4He, “He




Expected signal for > He

10° . .
c:-\ 17)_i|- rrr|rrrrrrrryrrrr[rrr 111 11T T 1 1—_ . leed_target experlment
= - NA60+ Performance 8<n<5,p, >05GeV/c J
G P—— 5 Fit Probability: 0.33  — proposed at the CERN SPS
O) - s YRR RS ‘ Signal (S): 7297 +515 1
3 1.5 SHe — “He+p+m | S/B(305):0.18£0.02  — Beam energy scan at 6-17 GeV
S F | sNsB@o:30:2 1 e Energy+rate combinationis
o 14 ‘} 1 1 = 4839.88 + 0.09 MeV/c*—| )
- T . - unique
g B { {{ { _;n b { ﬁH } 4 e Large (hyper)nuclei
() IL: | |I| | l,, Jult. ¥ !i % :: .|I 2 1] e ||ILI| i _, .
i 1-2# il ,. STy oo i |: Te T g g production
1.1 % * { o ldentification in the
Y Y Y 7 R Y I Y - l4.88 tracker

Mipig o (GEVICY)

e High precision measurement of the properties of A hypernuclei

e Possible discovery of light = and Z hypernuclei Data taking over 7 years from 2029
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Hypernuclear program at JLab

. 350 = (1H) = 114.260+0. eV/c o -
e Several experiments have been proposed (See e R 1 noomelt - *He+n
Guido’s slide for more details) % olE " ~L Gouare
i 260 cnts f (FWHM)
e FE12-20-013A/E12-15-008A E a0oF|° "fipukeeto Bl dd
O_ E o s e 1 e T e
o  High resolution Decay Pion Spectroscopy (DPS) = N o e
T‘Q FH— *He+m
C 100
5 7 s 3 E
0.20 | Ly 3 50
> -~ bps . SO TR e O
% "@mami |(&K) Helyy-inn % 95 100 105 110 115 120 125 130 135 140
~ a5~ ; 7 momentum (MeV/c)
o = :
L] 0.10 :  + Emulsioné a target
i I 7 ®
) C 4 1|
o This ||
© o005 Proposal | | .
T 7{ T ! Expected resolution on B,
o I NPT IR SIS reduced by a factor ~ 10!
0 1 2 3 4

Mass Resolution (MeV/c?)

13/11/2025 | 29 |
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Other ways to produce and study hypernuclel

e Hypernuclei production from antiprotonic
atoms: HYPER (Proposed to start by ~2030):

o Antiproton capture (simulated with GiBUU and
ABLAOQ7) produces hypeHYPERrnuclei through
surface annihilations and kaon-nucleon interactions

o  About 1% of annihilations result in hypernuclei
formation, opening new opportunities to explore the
hypernuclear landscape.

13/11/2025

20

proton dripline |

neutron dripline

E‘ observed hypernuclei
k rate > 1e-5 (simulated)

D rate > le-8 (extrapolated)

20

production rate

per annihilation
2.00e-04
1.75e-04
1.50e-04
1.25e-04
1.00e-04
7.50e-05

5.00e-05

2.50e-05



https://cds.cern.ch/record/2931010/files/SPSC-I-263.pdf
https://panda.gsi.de/

Other ways to produce and study hypernuclel

e Hypernuclei production from antiprotonic
atoms: HYPER (Proposed to start by ~2030):

(@)

Antiproton capture (simulated with GiBUU and
ABLAOQ7) produces hypeHYPERrnuclei through
surface annihilations and kaon-nucleon interactions

About 1% of annihilations result in hypernuclei
formation, opening new opportunities to explore the
hypernuclear landscape.

e High-energy-antiproton-induced production:

(@)

High-energy antiprotons (studied by the PANDA
experiment at FAIR) are proposed as a powerful tool
to produce hypernuclei through collisions and
capture of strange baryons.

The PANDA program (phases 2-3, beyond 2040)
aims to enable the production and spectroscopy of
double-A hypernuclei.
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Conclusions

e Major advances in precision hypernuclear N A S N Y
. . . . . z [T &f Q,O*%\Q 4‘;\ Q\Q é;/& \g& gf\ ‘g& éo& %5
measurements (lifetimes, binding energies, = <% |¢ F§8&EFF 5 8¢
new species) . + AT Sl
2oo:— ) . EH
e New discoveries: double-A and b | ﬂ H
anti-hypernuclei observed at modern | A

oo, o
fa C I l I t I eS EPJ Web Conf. 259(2022)08002

Exp. average Ay 4
AH
HADES preliminary

e Models improving, but further input F
needed to constrain YN / YY interactions m= | | ensarmosn

L NPA 547(1995)109

-

NPA 547(1992)95¢

e Future experiments (CBM, NA60+, JLab,

PR 139(1965)B401

PR 136(1964)B1803

HYPER, PANDA) will expand the L
hypernuclear landscape and probe the tHe ﬁ e
hyperon puzzle 1

NPA 639(1998)251¢c
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100 200 300 400 500

Lifetime [ps]
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Production of single-A hypernuclei and limitations

.0 Challenges:

. o low production rates, short lifetime (~200 ps)
o Missing mass and pion spectroscopy
restricted to few hypernuclei
o Ultra-relativistic heavy-ion collision cannot
reach more than A=4-5

8 heavy-ion (e,eK")

) emulsion
(K, m) @ K
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Production of single-A hypernuclei and limitations

e Challenges:
o low production rates, short lifetime (~200 ps)
o Missing mass and pion spectroscopy
restricted to few hypernuclei
o Ultra-relativistic heavy-ion collision cannot
reach more than A=4-5

Production Main lab(s) Hypernuclei Excited Ground state
states binding lifetime

In-flight (K—,77) CERN (90s), BNL Zy = Z; — 1 v v X

Stopped (K~ ,7") CERN (70s), LNF- | Zy =2Z; — 1 v v X

INFN, KEK, BNL

Calv:6 KEK, BNL (A D= h2n | & 7 X

(e,e’KT) JLAB, Mainz Zy =Z; —1

Heavy-ion (GeV) GSI/FAIR, HIAF Potentially many X v 3MeV | / Sys.

Relativistic HI RHIC, ALICE (CERN) | Ay <4 X v v

(100 GeV - 13 TeV) Sys.~ 10 ps

A, = from in-flight p | PANDA (FAIR) (A, 2)y =(A,2); | ¢/ X X

Stopped p HYPER (CERN) Potentially many v v v< 40 ps
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A visualization of the interior of a neutron sta
from the Muses collaboration.

.+ " Neutron
. Stars



https://muses.physics.illinois.edu/

Hypernuclel production as a function of rapidity

S 15 Aurhu Sy~ 35 GeV g 2y S AU (S 300GV gay e Significant hypenuclei production at
X o 4 X4 s -
z E“AE = target rapidity, more pronounced for
5 A e . o
%10 + T heavier hypernuclei

f + + e Spectator matter matters at target

0.5+
5l f : rapidity
[ [ ]
STAR Preliminary STAR Preliminary

| T T R I R [ I R I R
017208 06 04 02 0 021208 ~06 -04 -02 0
Particle Rapidity Particle Rapidity
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° 3/\H and 4/\H Lifetime measurement

contribute to world data on

hypernuclei lifetimes
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Production of double-A hypernuclel

([] H. Ekawa et al, Prog. Theor. Exp. Phys. 2019, 021D02 (2019)
e Best systems to investigate the

properties of S=-2 baryon-baryon
interaction
e Contrary to single-A hypernuclei they

are produced in a two-step process:
o = production in process like
m (K,K") reaction (BNL, KEK)
e K+p->zI +K'
o  Proton-antiproton reaction (GSI/FAIR)

#6

#9

® pHp>=+Z’ 16 - 10 B 12 4
O+ &8 — Be, »ABe, 4 Be He + (¢, d, p),
o I captured in an atomic orbit interacts with + (an AA anBe) + + p)
the nuclear core producing two N's < f\He + (p,d,t) +p + xn,

e - +p->N+AN+28.5MeV
P Q4He+p+n_.
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https://academic.oup.com/ptep/article/2019/2/021D02/5362641

Directed Flow at 3 GeV

- Au+Au \s, = 3.0 GeV
15 540% P
-~ STAR Preliminary 4He
: Linear Fit dv1/dy|y= =p0xA
o | I proton
—> 1- =
> _ i % g“He
©
\_ |
> L
U =
0.5
! p
I ,;:%’ (O Published
- & A @ STAR preliminary
O 7"‘ | 1 L | ‘ 1 L | 1 | I} | 1 | | | L 1 | | L | | 1 | |

1 2 3 4 5
Mass Number (A)
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Light nuclei mid-rapidity v_ slope
increase linearly with atomic mass
number A

Hypernuclei v, slope systematically
lower than light nuclei of similar A, and
compatible with A atomic mass number
scaling (Similarly to HADES results)




4/\H and 4AHe lifetimes

EPJ Web Conf. 259(2022)08002

—— e ‘H e STAR averaged results from \/sNN =3.2,3.5,and 3 GeV:
& HADES preliminary O T(4AHe) =12+ 10 (stat.) + 10 (syst) ps
PLE 845(2029)135128 (JPARC) m Most precise measurement of T(4/\He)
PRL 128(2022)202301 (STAR)
NPA 913(2013)170 (HypHi)
e NPA 547(1995)109
o NPA 547(1992)95¢

- o 1(* H)/T(* He)=0.92 + 0.06, consistent within 2.5 ¢
T i T EebIBT with theoretically estimated value 0.74 £ 0.04 applying
o PR 136(1964)B1803 . .

| the isospin rule

—e— i ICHEP (1962)460

4 i
AHe E STAR preliminary

He PRC 76(2007)035501

e NPA 639(1998)251c

L | N I | | | I | 111 1 | 11 1 1 | L1 1 1

100 200 300 400 500
Lifetime [ps]
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(] A Gal, EPJ Web Conf, 259, 08002 (2022)



https://www.epj-conferences.org/articles/epjconf/abs/2022/03/epjconf_sqm2021_08002/epjconf_sqm2021_08002.html

Ann searches

e Excessobservedinthet+n final state observed by HypHi Collaboration
e Annnot bound according to most of the theorist

i (bl) t+n~ (b2) t+7~
8ol ~10<Z <30 cm 60 —2<Z<30cm
2 g
0 o 40
N N
~ < 30
2 2 i
c c 20F 9l O
3 3
o O 10F,
1 PR R PR TR T N TR TR PR PR PR S T I T T
2.98 3 3.02 3.04 2.98 3 3.02 3.04
Mass (GeV) Mass (GeV)

I JHypHI Collaboration, Phys. Rev. C 88, 041001 []] A Gal, H Garcilazo, Phys. Lett. B736,93-97 L[] E. Hiyama et al. Phys. Rev. C 89, 061302
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.041001
https://www.sciencedirect.com/science/article/pii/S037026931400495X
https://journals.aps.org/search/field/author/E%20Hiyama
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.061302

Ann searches

e Excessobservedinthet+n final state observed by HypHi Collaboration
Ann not bound according to most of the theorist
ALICE rules out the existence of a Ann state stable under weak decay

- gxlo®
,{)\ [ T I LI I I | I LI L | T T ¥ | T 17T lI:,hl T F‘I T C; 8|8 |04|‘1 0|01l (2|01|3)| TT | T ]
=2 L _—r - ys. Rev. X _
> [ ALICE Preliminary | T Ann bound lifit ]
Q] [ Run 3 Pb-Pb, |5, =5.36 TeV / SHM (T = 155 MeV) -
=~ 25— N —— 2H: ALICE Pb-Pb {50 = 5.02 TeV ]
_ %'- [ 0-50%, 4.5 < ZT <8GeV/c ! (Stat, + syst, unc) Vs ]
B> [ New =2.86x 10 T 95% CL limit 7
2 L ' ]
15— . N
1 | .
C - _;l TTT _
C . Iy 23 222 7]
05" 337 T ¥ ¥ k2 T;' i
C 1 111 I L1 11 | 11 vAY I 111 1 | 11 1 1 | | I T - | 11 1 1 | 1 I_

III
298 2985 299 2995 3 3.005 3.01 3.015
M. GeV/c?)

H+n'+c.c.(

I JHypHI Collaboration, Phys. Rev. C 88, 041001 []] A Gal, H Garcilazo, Phys. Lett. B736,93-97 L[] E. Hiyama et al. Phys. Rev. C 89, 061302

13/11/2025 ]



https://journals.aps.org/prc/abstract/10.1103/PhysRevC.88.041001
https://www.sciencedirect.com/science/article/pii/S037026931400495X
https://journals.aps.org/search/field/author/E%20Hiyama
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.89.061302

Hypernuclei with A = 4

e SHM predicts hypernuclei with A=4in Pb-Pk
o theyarerare:
m  penalty factor for increasing A: ~ 300
m  suppression due to strangeness content

H+ A ‘He + A

0.984+0.05
1+ L06720.08 | 1% o * -0.083+0.094
e Some factors may enhance the yield (x 4):
7 y y (x4) 1.09+0.02 1.406+0.003
o larger binding energy wrt A=3
o existence of excited states AN 2] +1 O 2.157+0.077 | 0F sl — i 0.233+0.092
o  spin degeneracy dy 2.39+0.05
AH AHe
\j
BA (MeV)

_[] M. Schafer et al,, PRC 106, L031001 (2022)
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.106.L031001

Hypernuclei with A = 4
€

e SHM predicts hypernuclei with A=4in Pb-Pb collisiz

(@)

e Some factors may enhance the yield (x 4):

(@)

(@)

(@)

® InPb-Pbat+s,, =5.02TeV, ALICE has observed:

(@)

(@)

they are rare:
m  penalty factor for increasing A: ~ 300
m  suppression due to strangeness content

larger binding energy wrt A=3
existence of excited states
spin degeneracy

* H>*He+m
4 4 -
He>"He+p+m

_|] ALICE Collaboration, Phys. Rev. Lett. 134 (2025) 162301

13/11/2025

Counts / (0.0031 G

Counts / (0.0036 GeV/c?)

& T T T T T T
o 10~ ALICE .
= 0-10% Pb—Pb s =5.02 TeV
r ‘Ho “He+
81— A ]
L vy <0.5
- local p-value: 4.26 x 10°®
6_— Significance: 4.5¢ n
4_— —
2_ J\ J\
ﬂl IS S5 S5 SHET SN S I | lu
i 1 T IF

3.96 3.97
M., . . (GeVic?)
T B B
8 ALICE =
= 0-10% Pb—Pb |5 =5.02 TeV 7
7 %H_e—> 3'I-I_e+5+,\‘;\::* =
60 ly|<0.5
= local p-value: 2.73 x 10*
5E Significance: 3.5¢ =
4 - E
3 ]
2 ]
15 v :
=S N \1 1 | 3
Obe—re—retror | v v [y | ooy |y | e ooy
389 39 391 392 393 394 395 396 397
Miy . (GeV/c?)




Hypernuclei with A = 4

e SHM predicts hypernuclei with A=4in Pb-Pb coll|5|gns

o theyarerare: IQ 20l ALICE | | _jl llg@@;@Lﬂgé;fah;/i
m penalty factor for increasing A: ~ 300 3° 0 10% Po-Po (S =5.02 TeV M T liaa ey o] MoV
m suppression due to strangeness content < s (ground state only)
1.0 10.60 4 T ]
e Some factors may enhance the yield (x 4): orf ] | 2He I ﬂ] ™
o larger binding energy wrt A=3 o8 226 ] pag
o  existence of excited states 041 1
o  spin degeneracy i
02t ™ < e ]
® InPb-Pbatvs =5.02TeV,ALICE hasobserved: |, |
o *“Hos%He+r 39215 3922 3.9205 3923 3922 39225 3923
A M (GeV/c?)

o *Hes%He+p+m
e Yieldsin agreement with SHM prediction that includes feed-down from excited states

> SHM describes hypernuclei with A = 4 well
]




New results for A = 4 Hypernuclel

e First observation of antimatter tHe
hypernucleus
e Significance > 50 measured in Run 3

|II|Il|||||IIII|IIII|II|I|IIII|IIII

[6)]
o

ALICE Performance .
0-30% Pb-Pb {5 = 5.36 TeV]
He > He+ p+
ly|<0.5
Significance: 6.3c

%
o

989 39 391 392 393 394 395 3.96 3.97
M,__ . (GeV/c?

He+p+m*

Counts / (0.003 GeV/c?)
S 5

N
o

e Factor 20 improvementin Run 3 will
enable precise CSB measurements -
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Production of single-Z and single-= hypernuclei

e Production of single-Z hypernuclei mechanisms similar to the ones considered for A
hypernuclei like, e.g., strangeness exchange (K',p*). However, their existence has not
been experimentally confirmed yet without ambiguity, suggesting that the Z nucleon
interaction is most probably repulsive.

e Single-= hypernuclei can be produced by means of (K, K*) & proton-antiproton

reactions
o  Afirstanalysis of 1*C(K", K+)123_Be reaction indicated an attractive =-nucleus interaction of the order of
about -14 MeV, but an independent analysis of the (K™, K*) = production spectrum on **C found instead an
almost zero =-nucleus potential
o Adeeply bound state of the =™= N system with a binding energy of 4.38 + 0.25 MeV has been observed.
Future =-hypernuclei production experiments are being planned at JPARC

13/11/2025




The Hyperon Puzzle

e Hyperons are expected to appear in the core of neutron
stars at r~ (2-3)r , when . is large enough to make the
conversion of N into Y energetically favorable

e But, the relieve of Fermi pressure due to its appearance
leads to a softer EoS and, therefore, to a reduction of the
mass to values incompatible with recent observations

%)
9]
©

=

T

YN

HYPERON
PUZZLE!N

Lo

»

1
12km  Radius

e Anyreliable EoS of dense matter should predict Mmax [ EoS ] > 2M NS
o Can hyperons be presentin the interior of neutron stars in view of this

stringent constraint ?
o Three-body ANN repulsive forces to stiffen EoS:

m How much repulsion? > Model-dependent > Need for more

experimental constraints
o  More exotics scenarios possible as well
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Light nuclel In heavy-ion collisions

d,t,3He

The study of light (anti)(hyper)nuclei is very important:

o  Production mechanism is not well understood
m  How/when do they form?
e “early” at chemical freeze-out (thermal production)
e or“late” at kinetic freeze-out (coalescence)?
m Do they suffer for the dissociation by rescattering?

o Low binding energy (few MeV) "Snowballs in hell": nuclei formation
is very sensitive to chemical freeze-out conditions and to the
dynamics of the emitting source

o Baseline for exotic bound state searches

o Light nuclei measurements in high energy physics can be used to
estimate the background of secondary anti-nuclei in dark matter
search

13/11/2025




Antinuclel production

i‘: - o o EANT4 T
e Antinuclei can be a sign of Dark Matter annihilation: % o} o _"EEKM .
(\|I ine g - GIV’IE g
o  Background: production in the collisions between cosmic s b /,__l\ m GAL.:CE s
. . 108 = - ine
rays (CR) and the interstellar medium (ISM) (pp and p-A % [, = 100 Gev/c? \ [ oficEpkg ]
collisions) o2 - X+ 1 - WW - e+ X
m  Nuclei production must be known very well!
1072
1071
zmp p+p—>3He+X > 1_'| LR AL LA ]
@=DM 5 o8 i
: | AMS-02 S ok -
‘‘‘‘ He +p—->Y A % 0ok _
|: 0 | al |

10~ 1 10 102

+*He — 3HeM A
ki
N =
y+x—>WW - He+ X GAPS
L Voyager 1 . ,
«® A _|JM. Korsmeier et al, Phys. Rev. D 97, 103011

0.100 100 10 1
Distance to the Galactic Centre (kpc) Distance to the Sun (AU) P
I Nature Phys. 19 (2023) 1, 61-71
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https://www.nature.com/articles/s41567-022-01804-8
https://journals.aps.org/prd/abstract/10.1103/PhysRevD.97.103011

Hypernuclel production

e Hypernuclei can be used to study

nucleon-hyperon (N-Y) interaction
o  Production of exotic bound states
o Determination of the equation of state

m Application to neutron stars

13/11/2025
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1 ID. Lonardoni et al., PRL 114, 092301 (2015)

LI ID. Logoteta et al., EPJA 55 (2019) 11, 207



https://doi.org/10.1140/epja/i2019-12909-9
https://journals.aps.org/prl/abstract/10.1103/PhysRevLett.114.092301

Hypertriton production

e Lightest known hypernucleus consisting of (p, n, A)
e Mass=2.991 GeV/c?
e B,=0.13+0.05MeV (B,=2.2MeV, B, =8.5MeV,B,, =7.7 MeV)

3 T
e ° Hhasalargesize:

o d,,=10.79fm,r(d)=1.96 fm

3
/\H// /////// \\\
// \\
/ N\
/1 \
/ \
[ dd/\ |
\ I
\ /
\ / - . . .
N\ . _[] https:.~/hypernucleikph.uni-mainz.de/

—_—

ELJ F. Hildenbrand and H.-\WW. Hammer, Phys. Rev. C 100, 034002
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https://journals.aps.org/prc/abstract/10.1103/PhysRevC.100.034002
https://hypernuclei.kph.uni-mainz.de/

Production models: Coalescence

e Coalescence <
o Nuclei are formed by nucleons emitted at freeze-out > 0.008
hypersurface o
o Coalescence calculations incorporate the size of og'0-006
nuclei
i 0.004
m convolution between nucleon phase-space
distribution and Wigner function of the nucleus 0.002

e Coalescence parameter B, related to
formation probability via coalescence:

3 3 A
dp; " dp;

13/11/2025
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a

| Xe-Xe, \[syy = 5.44 TeV, |y| < 0.5 [¢]60-90% -
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- E’III [ e T -
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2 2.5
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_[]J. 1. Kapusta, PRC 21, 1301 (1980)

[ IMahlein et al., EPJC 83 (2023) 9, 804



https://link.springer.com/article/10.1140/epjc/s10052-023-11972-3
https://journals.aps.org/prc/abstract/10.1103/PhysRevC.21.1301

