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Coalescence model

2-dimension coalescence model

* The yields of produced hadron in transverse plane - ° N .

N
Ny, = 8hJHd2xid2 i Ji PIOW(ry, == ry_ys kys oes kv )

=1
Chemical freeze-out Kinetic freeze-out

* Hadron transverse momentum distribution
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2-body coalescence

S. Cho, K. J. Sun, C. M. Ko, S. H. Lee, Y. Oh, Phys. Rev. C 101, 024909 (2020)
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Coalescence model

3-body coalescence
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Deuteron and helium-3



Proton distribution and Feed-down
Pb-Pb collisions at 2.76TeV

O Fitting (ALICE Collaboration, Phys. Rev. C 88, 044910 )
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O Feed-down (Pb-Pb collisions, 2.76 TeV)

d2N| B d2N|
d2pr = d2py B

Measured proton data will contain

the feed-down contribution the number of bare proton

""" the number of final proton

« Experimental data : ng /dy =31 x£1.8

—10%

* Statistical hadronization model,

N, A — p contribution
10.56 + 28.66

NP =11.42, NN =10.56, N3

stat stat — stat

= 28.66, +11.42 =31

* 36.8% of the measured protons participate in coalescence
at kinetic freeze-out (R, = 0.3638)



Deuteron and helium-3 p distribution

Pb-Pb collisions at

* Experimental Data - ALICE Collaboration, Eur. Phys. J. C (2017) 77:658
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* 2-body formula
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K.J. Sun, C. M. Ko and B. Donigus,
Phys. Lett. B 792, 132-137 (2019)

* Parameter /

c=1/8/3r, r=19m, R,=0368 — Ay_oq = 608fm?

* Yield

coal
N 0-10%

Nstat =0.97
d, 0—10%



Deuteron and helium-3 p distribution

Pb-Pb collisions at /sy = 2.76TeV

+ Experimental Data - ALICE Collaboration, Phys. Rev. C 93, 024917 (2016) * Feed-down contribution and Consistency of the parameters (A, R,)
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X(3872) and T



D meson distribution and Feed-down
Pb-Pb collisions at 5.02TeV

O Fitting (ALICE Collaboration, JHEP o1 (2022) 174 )
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O Feed-down (Pb-Pb collisions, 5.02TeV)

* Experimental data :

dANP", . /dy = 6.819 + 0.457(stat.) 01 2(syst.)

* Decay channel
Br(D * (2007)° - Dz% = (64.7 £ 0.9) %
Br(D * (2007)° - D%) = (35.3+0.9) %

Br(D* (2010)" —» D% = (67.7 £0.5) %

* From Statistical model, 31% of the
measured D" participate in coalescence at
kinetic freeze-out
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X(3872) py distribution

Pb-Pb collisions at 5.02TeV
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X(3872), DD mo

X(3872), DD molecule, r=3 fm

Pb-Pb, \ SNN=5-02 TeV
0-10%, |y|<0.5
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arXiv : 2208.06960

. Radius | = X(3872) [

[ 3m V¥

Compact 4-quark Not possible
* Yields
X(3872) X(3872)
Neoat =2.47+0.716 Neoa = (0.806 + 0.234
NX(3872) ’ NW(QS)
SHMc SHMc

(29) _ -3 X(3872) (25) _
(NG ldy = 3.04 X 1075, NG /NGED = 0.326)

A Andronic ef al. THEP 07,035 (2021)




T.. pydistribution

S. H. Lee and S. Cho, Phys. Rev. C 101, 024902 Pb_Pb Co"isions at 5.02Tev
+ Scaling (X 1.63,2.76TeV — 5.02TeV)

d*N/dydpr (GeV/c)™ 1

\ arXiv : 2208.06900
1073 r—
\\\\\\\\ Pb-Pb, vsyy=5.02 TeV
0-10%, |y|<0.5
10~4 Compact 4-quark O.433fm
105 S. Noh, W. Park and S.H. Lee, Phys.Rev. D 103, 114009 (2021)
* Yields
10-5 dNPDT[dy = (245 £0.71) X 107, dN* [dy = 6.2 x 107
- Compa(it 49 Two possible configurations of T, . are markedly different
1077 - T.c, DD molecule, r=c
3 Teey DD~ molecule, r=2.2 fm Measurement of the .
_ AR Confirmation of the
10-8 | | | | | | | pt distribution of 7., *

structure of T,

0 1 2 3 4 5 6 7 8 in heavy-ion collisions
PT (GeV/c) 13




Summary

* We study the transverse momentum distribution of loosely-bound molecular
configuration hadron.

* The 6 —» oo limit coalescence model explained deuteron and helium-3
distribution well.

« We assume that X(3872) is DD molecular structures and estimate the
transverse momentum distributions using the same formula as deuteron.

« [ _.-compact 4-quark state or DD * molecule. By measuring p, distribution
from heavy ion collisions, the structure of T.. can be confirmed.
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