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What can light and hyper-nuclei in high energy heavy-ion collisions tell us?
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* Natural tools for elementary nucleon-nucleon,

Central region

nucleon-hyperon, and three-body interactions
* Probes of system freeze-out properties
* Production mechanisms of composite particles

(to< 1 fm/c)

» Search for more molecular states
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Experimental measurements

RHIC: 3~200 GeV LHC: 0.9~13.6 TeV
AutAu, Cu+Cu, Ru+Ru, Zr+Zr, ... pp, p+Pb, Xet+Xe, Pb+PDb, ...

d, t, °He, *He, ’H, ‘H, {He, ...

- coalescence factors B,and B, |
. collision energy, system size,
Pr spectra and p- dependence
* flows v, v, and v, ——

*yield ratios mass number scaling
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Experiment

2 | o |
A |A Collisi | tRHIC| i ::gi‘ o e
urAu LoTisions a ‘He -~ ~ 10 "Hltetoell 3 GeV Au+Au Collisions —
Energy: sy =3GeV ‘_,-". E i "9'*..‘_ RRETRE - Sl N i
Centrality: 5-40% ; V4 . ) & B o T o :86: ~~ . -
1.0 -1 > JUR SRR - Y
o 3HE7' // O 10 - polp - ‘““:E*:_—
I 7 4 Z @ 0-10% :P=6.03+046 % -2
= AH — O 10-20%:P =694 +0.88 -
©) d -~ - 1 20-40% : P =6.84 +1.11 “O
~_ LTy 103 |- -4080% P=1038:+0.78 T
> ’ AH B | e =
-O 05_ z", / - -
p 7 (b) y: [-0.1, 0] .
ol - Data Model - __..:E" 7
¢ ~ . mm— UrQMD — 19— -- p.*p, XMy IRt o
0 Hypernuclei [l o = 0 "1 s o -
AM = = . - i
/A Lightnuclei O ->J % - /fj:‘g,-" -
O — ,::/"‘, . ..__..— _
0-0 : 1_ ’:U:a"‘__-— r__.-" |
| | | | Q_l_ B ’,::'_D'"__,..w"' —
1 2 3 4 ~ i SR )
Particle Mass (GeV/c?) 0 5-_52%—" B
n | | . | . . [
| | ! | ! ! ) |

mass number scaling == coalescence ?



How coalescence works for those RHIC & LHC measurements ?
Characteristics originated from coalescence itself 2

Shandong Quark
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two-body coalescence h1 + h2 N Hj

The three-dimensional momentum distribution
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two-body coalescence h1 + h2 SN Hj

The three-dimensional momentum distribution 5 V2 +my,) . %%,
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The three-dimensional momentum distribution
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® Coalescence factor B, (B, & B,)

Independent of primordial nucleon/hyperon momentum distributions

® p- spectra

need primordial nucleon/hyperon momentum distributions as inputs

® Production correlation of different light (hyper-)nuclei



as function of p/A in pp collisions at LHC
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as function of p/A in p-Pb collisions at LHC
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as function of p/A in Pb-Pb collisions at LHC
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From results of B ,, we find:

« Analytical coalescence model can naturally give obvious growth of B, against p
In Pb-PDb collisions but relatively weak p+ dependence in pp and p-Pb collisions.

« Coordinate-momentum correlation is necessary in large Pb-Pb collisions.




dzN!(anpoTdy) [(GeV/c)?]

108

1074 f":“_"
Lok
ol
s

1 0—26 i

105

102 .

105

lﬂ'” i A

%50 200 GeV
%57 62.4 GeV
%54 54.4 GeV
%59 39 GeV
x5% 27 GeV

A

"IN B B B I A I

Au-Au Collisions

Light Nuclei

Ul T

wel

4 ¥ B & 8 A

lu—l] : T

=51 19.6 GeV
=517 17.3 GeV
%51 14.5 GeV
x5 11.5 GeV
x51% 9.2 GeV
*5 1 7.7 GeV

Theory 0-5%

—-=--Theory 0-10%

!

B.R.2ntp; d*N/dydp, [(GeV/e)?]

—
<
B

e A WS ST R

x57" 200 GeV
x5 62.4 GeV
%54 84.4 GeV
x5 39 GeV

x5 27 GeV

x5 19.6 GeV
x512 14,5 GeV
x5 11.5 GeV

b x5 92 GeV
<51 7.7 GeV

—— Total
- — - ptntA

S 0 h
2Bl i i ol af 20 -

1 2 3

pr (GeV/e)

1

n

1 (GeV/e)

favor halo structure
with binding energy
410 keV
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From results of p; spectra,

« Analytical coalescence model can reproduce the available data of p; spectra
of d, t, He, H from 3 GeV t0 5.02 TeV.

* \We give corresponding predictions offH, jHe and Q—hypernuclei.
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characteristics from coalescence itself




* four-body coalescence or three-body coalescence
AHe N, 1

= (.746,

‘H N. Zy,

+* - 2 3
- n ana . n
‘H 4 He N,-N, Z,-I two-body coalescence with ;n and ;

= = = 0.145
iH+j‘\He Nn+Np an+1 %E=O,
H
A
% t A 4 H d 3 4 4 H 4 He
+A— Hand "He+A — [He AH -y He
“H +% He
4 A A
He N
A= - 0687
H N;
j‘\H _i He N, = Nogge sensitive to different coalescence channels

=0.186

jl\H +i He - Nt + N3He



* Total ,Hand ,He

RMS (fm)  neither innor n  within  within  with 1n 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
AR B 0.166 0.221 0.271 0.344
e 20 0.167 0.224 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.



€ \We developed an analytical coalescence model to deal with productions of light and hyper-

nuclei in high energy heavy-ion collisions. The relationships of light (hyper-)nuclei with

primordial nucleons and hyperons were clearly given.

€ We applied the coalescence model to heavy-ion collisions at RHIC and LHC, and gave

explanations for different experimental observables.

€ We presented production correlations of different species of light (hyper-)nuclei from

coalescence itself.

€ The analytical coalescence model can be further applied to other molecular states.

Thank you'!
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dN/dy (x107%)

vy (GeV) Theory
I IT halo I11 Total Data
spherical 102 keV 148 keV 410keV d+A
7.7 7.274 7.282 10.071 18.899 9.895 28.794 37.9+5.1+£5.8
9.2 4.860 4.839 6.647 12.253 6.534 18.786 - — -
[1.5 2.664 2.636 3.592 6.486  3.533 10.018 12.4+1.8+2.1
4.5 [.670 [.643 2.222 3.933 2,186 6.120 5.42+0.73+0.95
9.6 [.039 1.017 [.363 2.362  1.342 37704 4.31+£0.59+0.69
27 0.602 0.587 0.780 1.324  0.768 2.092 2.26+0.30+0.31
39 0.340 0.330 0.435 0.722  0.428 1.150 - ——
54.4 0.240 0.232 0.303 0.495 0.299 0.794 - - —
62.4 0.233 0.226 0.294 0478  0.290 0.768 - ——
200 0.130 0.125 0.159 0.247  0.157 0.404 - ——




1/3
dN,
Rf:kx( h) (\/prm )+b.

Vo (GeV) H(pQ) H(nQ™) H(pnQ™)

dNJdy (X107 (pr) (GeV/e) dNJdy (X105 (pr) (GeV/o) dNJdy (x107%)  (pr)

7.7 7.829 1.281 7.402 1.275 2.735 1.569
9.2 7.496 1.295 7.061 1.289 2.091 1.586
11.5 6.641 1.323 6.236 1.318 1.342 1.623
14.5 6.465 1.368 5.992 1.362 0.984 1.671
19.6 7.942 1.392 7.340 1.386 0.909 1.704
27 6.306 1.414 5.754 1.408 0.542 1.729
39 6.046 1.425 5.498 1.419 0.380 1.738
54.4 5.152 1.512 4.660 1.505 0.263 1.843
62.4 4.945 1.574 4.435 1.567 0.235 1.926
200 4.545 1.725 4.087 1.716 0.139 2.102







