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What can hyper-nuclei produced in relativistic heavy-ion collisions tell us?
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 Natural tools for elementary hyperon-nucleon

Central region

and hyperon-hyperon interactions
* Probes of system freeze-out properties
e Production mechanisms of composite particles

(to< 1 fm/c)

with strangeness flavor qguantum number
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Experiment:
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Partonic collectivity disappears and hadronic matter is predominantly created.
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Hadronic collectivity still holds and coalescence production may dominate for nuclei.



We developed an analytical description for the productions of different species of
light nuclel in the coalescence picture --- an analytical coalescence model.

In Au-Au collisions at such low collision energy of 3 GeV

besides nucleon+nucleon coalescence, including other coalescence processes

n+n—d;
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'+ p+n—°He, p+d— °He;

1+ p+n+n— *He, p+n+d— “He, p+t— “He, n+°He — *He, d+d — “He.
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Besides nucleon coalescence, nucleus+nucleon coalescence may play a requisite role.

d”N/(2np dp,dy) [(GeV/c)?]

d°N/(2np,dp,dy) [(GeV/c)?]

UL LI L I LI I LU I
(b) “He, 10-20% -
10" -
E e S 7
TR _
-7 |
10 N
;:l:e.;‘t;_-—r‘-_.- T
[ T e, -
ol Theory i
10 -1 - total 4He _-
- p+t—>4He
L -~ n+’He—"He "N E
- e p+p+n+n—‘He ]
-13 p+n+d—>4He
10 ~ 4 N ]
e d+d_) He L.
1 11 I 1 11 | 1 1 1 I 1 11 I | I | II
0 1 2 3 4 5

&

iy
o

4

-
o

o

iy
o

-
o

1
[y
—

final t

- - n+n+p—t

mli— n+d—t N
coa s b b b e
0 1 2 3 4 5
pr (GeV/c)



BR x dN/dy (x 10°)
w A

| (a) 0-10% L (b) 10-50%
Au+Au 3GeV LT
— o3H o 1H * } - + .
,+ fffffff . ++ .\'\. ¢ .\‘.
-1 Coal (JAN\l.)\'i-' \}t
T Coalesc. T
STAR B T 1
PR AN S T TN Y TN TN T NN TN ST SN (NN T TN TN A (NN SN NN TN TN S [N T S TN TN T TN N TN TN S M
-08 06 -04 02 O 08 06 -04 02 O
Rapidity y

12.5
|, , A-hypernuclel measurement

11.5

1.0

10.5

® [or such A-nuclel, besides nucleon+ A coalescence, are coalescence processes
Involving nucleus participation still necessary?
® If yes, what new characteristics will they bring?



Favor the existence of (Q-hypernuclei

STAR, PLB 790, 490, 2019 ALICE, Nature 588, 232, 2020
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We extend the analytical coalescence model to the strange sector to study hypernuclei.



two-body coalescence h1 + h2 N Hj

The three-dimensional momentum distribution
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two-body coalescence h1 + h2 SN Hj
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The three-dimensional momentum distribution
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model parameters: R, =3.27 fm, an —1.34 have been determined via light nuclei.

model inputs:  p~* /80%, A" x78.8%
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A possible reason of such underestimations may be
omissions of some certain coalescence channels. In these
channels some perdue states which have not been affirmed
at experiments participate in the coalescence process.
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Including 2 n contribution, the theoretical results agree with the data well.
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(4.954 + 0.434 + 1.014) x 1072
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* four-body coalescence or three-body coalescence
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* Total ,Hand ; He

RMS (fm)  neither innor n  within  within  with 17 and \n
- 1.5 0.715 0.639 0.573 0.488
‘}\— 2.0 0.713 0.634 0.564 0.477
2.5 0.711 0.629 0.553 0.464
e, LS 0.166 0.221 0.271 0.344
e 20 0.167 0224 0279 0.354
2.5 0.169 0.228 0.288 0.366

Comparisons with future measurements can help shed light on the existence constraints

2 3
of 'n and /n.



model inputs:
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Correlation is
more interesting!
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€ We extended an analytical coalescence model to deal with productions of hypernuclei

besides light nuclei in relativistic heavy-ion collisions. The relationships of hypernuclei with

primordial nucleons and hyperons were clearly given.

€ We applied the extended coalescence model to Au-Au@3GeV collisions at RHIC, and gave

contributions from different coalescence channels for ’H, ‘Hand ,He in their productions.

€ \We predicted the production asymmetry betweeniH and iHe, which could shed light on the

existence constraints of the possible neutron-A bound states.

@ We predicted the production of different Q-hypernuclei at LHC. - Thank You !
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Our results at LHC
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