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* Structure of X(3872) : /

Quark model - DD molecule

QCD sum rule - ccg hybrid
1

Wei chen at al. Phys.Rev.D 88, 045027 (2013)

We now investigate how each scenario
influences the production mechanism,
using the coalescence model.



X(3872) structure

D — D* molecular structure

O Quark color-spin wave function of X(3872) D° D*
* In(gc), (cq) basis
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Coalescence model

2-dimension coalescence model

* Hadron transverse momentum distribution
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g, : statistical factor, f.(x, p,) : py distribution of constituent, W(r, k) : Wigner function

* Normalization condition
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Coalescence model

Wigner function

* Wigner function

. Gaussian type Wigner function - W(7#, k) = dexp |—— — ¢
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At k? = 0, the Wigner function becomes maximal

Due to the large mass difference between cc and gg,

high-py ¢ can coalesce with low- p gg
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Freeze out condition

Wigner function and Lorentz boost effect

. Wigner function - W(7, l_c)) = 4 exp

— 4exp

Primed frame : CM frame
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* Color octet formation time is longer than color singlet

G2

Taesoo song, Che Ming Ko, Su Houng Lee, Phys.Rev.C 87, 034910 (2013),
Jasmine Brewer, Wilke van der Schee, Ure Wiedemann, arXiv:2503.11764

Color singlet hadron (short formation time)

Color octet state (with longer formation time than singlet)
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Lorentz transformation :

r),c — y(rx_ﬂAt)

At = y(At — pr,),
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[qq] octet
formation




Parton and qq p distribution

O Parton distribution at low pr (pr < 2.0)
. Blast-wave model + Thermal model

* Blast-wave model - p; shape of parton
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* Thermal model - Parton yield determination (7. = 156 MeV)

Ni°9 = 616, NS¢

PbPb popb = 224

Iy(x), K;(x) : Bessel functi%n
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O Parton minijet (pp > 2.0)

: pQCD + Glauber model (Eur. Phys. J.C (2018) 78:340)
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cc octet ppdistribution
perturbative QCD

* cC octet cross section in pp collision (JHEP 03 (2023) 242 ) 5 o ce (3519
dceCS] 1 A cECSPN] = w(28) ii 10'4 pD, /5 =7 TeV, |y| < 1.2
- 25 E
dprdy — (Of%ogmy)  dprdy S
y(25) = —2 3 é 107" 4
<@[c5(35{8])]> 0.96 x 1072 GeV oo
§ 10_2? ° pQCD data
fitting
* Nuclear modification factor (ALICE Collaboration, Phys. pr (Gev/e)
Rev. Lett. 132 (2024) 042301)
107" PbPb collision
S RANPOAMASONSE P TES /3w = 5.02 TeV, 0-90%
[ ALICE,25<y___<4,0-90% 78(2018)5 ] L _
0.35 (pT < 4) 1.25— U UHEP 2002 (2020) 041) (Epi/i:: Ve -— E 107
L —— = s
RAA — 0.2 (4 S Pr < 6) . ;EEI gggs) _ Q::;_ 10
O.l (6 S pT) 0.6;— E@B _ _; % 10 -
Af — i . ‘ 10 5 _
045_&5&15& B : " ; cc (3s!8l
0'2:_ i E 1011 -
T T BT S— 0 10 20 30 40 50
pr (GeV/c)



B[X (3872)—=J /¢yt m | xdNXG872) /dprdy

X(3872)/ I/I(ZS) ratio (lec] + [qq]) (€€ 4d

X(3872)

PbPb collision
([cc] + g) cC )

101; Pbe, \/SNN = .02 TeV dNX(3872) - (2\/_ )21 ndz 2 quc'] chg
§ prompt, 0 — 90% Q2p, | CXGSTOREVAOTT | & Pagr Pee pr A2y

X exp <—02 k| >5(2)(PT — Pygr — Peer)
10° 5

\ \\\\\\\ﬁ\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ * Parameter

M. = 3272 MeV, my 5 = 600 MeV, m, = 600 MeV

—_
=
[S—

rladl — ¢ fm, rlagdorsl=lecl — 0.6 fm, A = 565 fm?

Bl(2s)—J/ypmta— ]| xdN¥29) /dprdy

R

h " h
10~ A\ X(3872) [CE 1 q@] /w@ S) Scenario Calculation result Agreement with Data
X<3872) [CC g }/ @D(ZS) Molecule Similar pt dependence Q
t  CMS data, prompt
10_3 T T T T T 1 1
; 0 N M " A Hybrid Underpredicts Q

pr (GeV/c)



Summary

* We investigated the production of X(3872) in PbPb collisions using the coalescence
model.

* Two scenarios of X(3872) were considered:
- A loosely bound DD* ([gq] + [cC]) molecular state

- A hybrid state of c¢¢ and gluon
* Result:
- Molecular scenario: consistent with experimental data

- Hybrid scenario: underestimates the observed yield



