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Hypernuclei: Equation of State (EoS)
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EoS for dense matter (neutron stars): 12}

 The presence of hypernuclei 08 |

softens the EoS oal N _\\_ _

e Stiffer EoS
 3-body repulsive potential
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Lonardoni, D., Lovato, A., Gandolfi, S., & Pederiva, F. (2015). Physical Review Letters, 114(9).
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Hypernuclei: Heavy-ion Collisions

Hypertriton 3 H e Strongly attractive — Soft EoS
(deeply bound)

* More repulsive — Stiff EoS
(less bound)

"

Y

r~4 fm

 (Coalescence works (may reflect
internal structure)

 Does it work with hypernuclei
and different system?
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Reichert, Tom, et al. Physical Review C 107.1 (2023): 014912.

Hypernuclei
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L Data:

10°k @ ALICE H/(A+X") f _:
10° ¢ | = E
e Suppression at small system :
* Ar and AP are less correlated UrQMD-hybrid coalescence:
. 107 L —8— H/(A+X") (Ar=9.5 fm)
* (Maybe) reflect soft/stiff EoS? 0 HIAT) (ar=4.3 fm) ]
CSM (Thermal-FIST),
V. =1.6dVidy:
3 . _ 7 *HI(A+Z)
Study sHe in diff. system 0 ST e g

 (Maybe) help for EoS?
e Pin down the mechanism
e More datais needed!

dN_/dn (In|<0.5)

Note: Coalescence parameter may not directly
connect to the wavefunction size
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Small system size

New particle production in p + A:

Lambda is produced with a large forward
momentum

— Less favorable for hypernuclei production
— Hypernuclei will be produced outside
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Small system size

New particle production in p + A:

Lambda is produced with a large forward
momentum

— Less favorable for hypernuclei production
— Hypernuclei will be produced outside

New particle production in T~ + A:
— Hypernuclei will be formed with the target!
(Allow for large hypernuclei A > 3)

Hyperon production
e w +N - N (upto4 GeV)
e N" - AK (or even EKK)
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UrQMD

Ultra-relativistic Molecular Dynamics (UrQMD)

Based on the relativistic Boltzmann transport:

« p*-0,fi(xV,p¥) =(

* Binary interactions + Re-scattering are treated

* Cross sections are taken from data or models

* Resonances/decays are implemented

* History of all 4-coordinates and 4-momenta
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Cluster formation mechanisms

Wigner functions Kinetic production

Projection on Hulthen wave Introduce explicit
function processes, e.g. npm — dn

Dynamical treatment
No free parameters

NO Orthogona“ty Of States J. Staudenmaier et al. Phys.Rev.C 104 (2021) 3, 034908

M. Kachelriess et al. Eur.Phys.J.A 57 (2021) D. Oliinychenko et al. Phys.Rev.C 99 (2019) 4, 044907

M. Gyulassi et al. Nucl.Phys.A 402 (1983) G. Coci et al., Phys.Rev.C 108 (2023) 014902

Coalescence Thermal emission
Employ cut-off parameters Clusters in partition sum
Event-by-event possible No free parameter

_i P. Braun-Munzinger, et al. Phys.Lett.B 344 (1995) 43-48
2 free’ energy Independent A. Andronic, et al. Nature 561 (2018) 7723, 321-330

parameters V. Vovchenko, et al. Phys.Lett. B (2020) 135746

Potential + MST
« Hamiltonian which

binds cluster
« Momentum dependent
potential with soft EoS

J. Aichelin et al., PRC 101 (2020) 044905
S. GlaRel et al., PRC 105 (2022) 1

Multifragmentation

Break up of thermal
nuclear system
Microcanonical
ensembles
Deexcitation via
Fermi break up

Bondorf et al. Phys.Rept. 257 (1995) 133-221
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Cluster formation mechanisms

Coalescence Mechanism (UrQMD)

* Phase-space coalescence:

(7, ﬁ1)fB (7_‘)2; ﬁz)PAB (7_‘)1, Ty, 231: ﬁz)

B} f
dN/dP = j .
[AP=9 | S5 — B, — B,)d3r, dPryd®p d®p,

* Box coalescence: pyp

e AP <AP,,, AR <AR,,,,

Statistical Multifragmentation (SMM)

Assume a larger excited nuclear system which subsequently fragments into small clusters
e All participants (and spectators) from UrQMD (at 20 fm) are given to SMM
* Coalesce to heavier nuclei and decays into fragmented nuclei

10th NeD-2024, Krabi, Thailand Apiwit Kittiratpattana



n+C 0<bh<25fm, of, ¢ =196.35mb
Results T+ W:0<b<65fm, of, W=1327.32mb
Kittiratpattana, A., et al. Physical Review C 109.4

Pt SPECtra of protons and A hyperons (2024): 044913,

Protons: ~C(y)pr /p% + mgexp [— /p% + mg/T(y)]
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n+C 0<bh<25fm, of, ¢ =196.35mb
Results T+ W:0<b<65fm, of, W=1327.32mb
Kittiratpattana, A., et al. Physical Review C 109.4

Pr SPECtra of protons and A hyperons (2024): 044913,

~C(Y)pr /p% + mgexp [— /p% + m%/T(y)]
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n+C 0<bh<25fm, of, ¢ =196.35mb
Resu Its 7~ +W: 0<b<65fm, of, W=1327.32 mb
Kittiratpattana, A., et al. Physical Review C 109.4

Rapidity distribution of protons and A hyperons

'_Q | | | | | | | | | |
Protons: Emg_;;,:{;%%%@ B T e A 1
* The extrapolated (UrQMD) and HADES 5 | ke
e — F . UrQMD v3.5 : H(SADES : S © .
- --®- Allp P — = " -
agree well 3 1% Iy 41 10
* Need adjustment for exponential fit s | o
107 = —107
* All protons are at the target .
* Good for cluster formation wlk  ¢% : 406
A hyperons: 10°F - T
N Agree well in general - ) Lo
=~ hyperons:
* Detectable 10°F [, F 17,40 ] Ly o
° ENN N AAN ’p —1.0-0.50.0 0.5 1.0 1.5 2.0 -0.50.0 0.5 1.0 1.5 2.0

Yy Yy
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Results

pr distribution of light nuclei

— 7 + C (UrQMD v3.5)
Pab = 1.7 GeV

min. bias

10*F .

10%F e 00 <y <0.1(x10°)
B 01<y<02(x10?)
—A— 02<y<03(x10%)

0.3 <y <04 (x10%)
1

10°F

—#— 04 <y <05 (x10%)
—@— 0.5 <y <0.6 (x10°)

I | ] 1
7w~ + W (UrQMD v3.5)
Piab = 1.7 GeV

min. bias

0.7 <y < 0.8 (x10) 7
—¥— 0.8 <y<0.9(x10%)
0.6 <y <0.7 (x10'2) —#— 09 <y <10 (x10'®)

pr [GeV]

pr [GeV]

| 1 | 1 1 | 1 1 | |
0.0 02 04 06 08 1.0 0.0 0.2 04 0.6 08 1.0 1.2

104

102

10°

I I 1 I I
7~ + C (UrQMD v3.5)
Plab = 1.7 GeV
1010 L min. bias -

103k .

109

104

102

—— 00<y<0.1(x10%

—A— 02<y <03 (x10%)

(

100F = 01<y<02(x102) —# 04<y<05(x10%
(
|

I I I 1 |
7~ + W (UrQMD v3.5)
Plab = 1.7 GeV
min. bias - 1010
—108
106
- 104
—102
03<y<04(x10% —@— 05<y<0.6(x10')
06 <y <07 (x1012) 1100

pr [GeV]

L1 L1 I I N B
0.0 02 04 06 08 1.0 0.0 0.2 04 0.6 0.8 1.0 1.2

pr [GeV]

m +C: 0<b<2.5fm,
m +W: 0<b<6.5fm,

™ +C _

o, *¢=196.35mb
ol *W=1327.32mb

Kittiratpattana, A., et al. Physical Review C 109.4

(2024): 044913.
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n+C 0<bh<25fm, of, ¢ =196.35mb
Resu Its 7~ +W: 0<b<65fm, of, W=1327.32 mb
Kittiratpattana, A., et al. Physical Review C 109.4

Rapidity distribution of light nuclei (2024): 044913,

Té. wl— G (UIrQMD \:3.5) | wl— +W (I'J'rQMD Iv3.5) | |
Most cluster are centered around target ", 1090} Pun S L7 GeV - Pm=1rGeY 101
rapidity where (residue) nucleons are '% I | SR s
located/fragmented. o oo < 8
— A <4~ 0(10) per event ) I 2 il Iy
* Deceleration:
«  Deuterons are much more 107 g 1o
pronounce at forward rapidity - i L
e 1 ismore likely to knock1 — 2
nucleons from the target 10° - 107
* Larger nucleus decelerates stronger 4 4
10° - —10
|

1.0
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n+C 0<bh<25fm, of, ¢ =196.35mb
Resu Its 7~ +W: 0<b<65fm, of, W=1327.32 mb
Kittiratpattana, A., et al. Physical Review C 109.4

Rapidity distribution of hypernuclei (2024): 044913,

* More clusters formation
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small system
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n+C 0<bh<25fm, of, ¢ =196.35mb

Resu Its n~+W:0<b<65fm, f+ W=1327.32mb
Kittiratpattana, A., et al. Physical Review C 109.4
" (2024): 044913.
Total abundance for larger (hyper)nuclei .
e T T T T T 1 T T T T T 1
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° ° ~+~ T v ‘A{He _ = 117
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a . . %0102_ 9 — v * 139
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(N* _)E-I_K-I_K) 100_ v% ‘ ] El<]<] q ¢+_100
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— 10 od open szmbol:Yzl 10
(':+N+N_)A+A+N) 1072 4 T T T T AN T TR N TR N TN M (0
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n+C 0<bh<25fm, of, ¢ =196.35mb

Resu Its n~+W:0<b<65fm, f+ W=1327.32mb
Kittiratpattana, A., et al. Physical Review C 109.4
" (2024): 044913.
Total abundance for larger (hyper)nuclei .
o T T T T T 1 T T T T T 1
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il e [ ] ] B .
E 103 DR <10
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> 1076 —-10"3/event £ =y i 1 -
] ik do 4 _ 3
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costne 3 HE Summary A

UNIVERSITAT

FRANKFURT AM MAIN 5 | %
5, >
UrQMD is employed to simulate ™ + Cand t~ + W at pj5p, = 1.7 GeV B
We predict clusters with coalescence and SMM ™ foue™ T T T T T

[ @& ALICE SH/(A+X)

* Nucleid>3-10"*—-10/event .|

 Hypernucleid>3-10"%-10"3 /event
n+W *10™

*  0(107%) of 3H per event 107

UrQMD-hybrid coalescence: |
—m—H/(A+X°) (Ar=9.5 fm) |
——2HI(A+E°) (Ar=4.3 fm) 3
CSM (Thermal-FIST), ]
V‘C = 1.6 dV/dy:
------ SHI(A+Z)

* Large targets are favorable (more stopping) _ .|

» Strong suppression supports coalescence

r— . 10°° | N Ll
= and double-A at higher beam momenta? 10° 10’ 10? 10°

dN_ /dn (In|<0.5)
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