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Short range structure in the X (3872) Possible hidden-charm molecular baryons composed

Is X(3872) really a molecular state?

. *
of an anti-charmed meson and a charmed baryon
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Yan-Rui Liu, Xiang_Liu, Wei-Zhen Deng & Shi-Lin Zhu
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Dynamics study of Z+(4430) and X(3872) in ,

molecular picture
Is X(3872) a molecule?
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Abstract: Using the one-boson-exchange model, we studied the possible existence of very loosely bound

We show that the literature on pion exchange between charm and bottom mesons is inconsistent. We

derive the formalism explicitly, expose differences between papers in the literature, and clarify the
implications. We show that the X(3872) can be a bound state but that results are very sensitive to a poorly
constrained parameter. We confirm that bound states in the BB sector are possible. The circumstances

hidden-charm molecular baryons composed of an anti-charmed meson and a charmed baryon. Our numerical
results indicate that the ¥,D* and ¥.D states exist, but that the A,D and A,D* molecular states do not.

FH+HEXYZIHTS

Yield/(500 keV ¢2)

" li | LHCb ;‘g 3 | \%
go — | o7 NE s0: IA
£ | Imon || &

L i A |||
40 - ! > BE It |

| e e Y
50 ? : ; % EBiacc_lzgroun’; My (GEV C7) %
20 i | 4} i “”““-ll;?f?;othreshold

i + | D°D" threshold Wl * * %
S T NI SR AT
W G ﬁﬁwﬁﬁﬁ iy §

T RN
387 388 389 39

Migpss (GeV ¢?)

Nature Phys. 18, no.7, 751 (2022)

VIEWS & COMMENTS
Perfect DD* Molecular Prediction Matching the T,
Observation at LHCb

Ning Li", Zhi-Feng Sun®3#, Xiang Liu>>* and Shi-Lin Zhu®
© 2021 Chinese Physical Society and IOP Publishing Ltd

Chinese Physics Letters, Volume 38, Number 9

Citation Ning Li et al 2021 Chinese Phys. Lett. 38 092001

DOI 10.1088/0256-307X/38/9/092001

E13222.0hRPImF %
REaEZENER!




S8 HUFBHATER:

> REHLGE

19334, Otto SternfME T HEFHME, LR/ FoBFECTE, TREFGERIEA.
> TR F

ERER F-IZTEET > RPN - RFDHREL
> EHED

AR R T R T ISR R (L ER IR, T,

 Amand Faessler et.al., PRD 76 (2007) 014005.

( 0(2317) - \ ( (3872) -/ ] « Martin Cleven et.al., Eur.Phys.J.A 50 (2014) 149 .
) ’ b * Hai-long Fu et.al., Eur.Phys.J.A 58 (2022) 70.
B (2460) - ) | (3872) - (2) }  Eric S. Swanson, Phys.Lett.B 598 (2004).
= S « Feng-Kun Guo et.al., Phys.Lett.B 740 (2015).
’ L (2460) - (2940) - (2286) ] * Yu-Bing Dong et.al., Phys.Rev.D 82 (2010) 034035.

FE+HEXYZIRTES 4




)RIRERESIE R ARSI =3E

Based on Ping Chen, Zhan-Wei Liu, Zi-Le Zhang, Si-Qiang Luo, Fu-Lai Wang, Jun-Zhang Wang and Xiang Liu,
Role of electromagnetic interactions in the (3872) and its analogs, Phys. Rev. D 109, 094002 (2024).




O Belle PRL 91262001 (2003)

a8 B 8 &

Events / ( 0.005 GeV )
(=]

o

e | B

52 364 3.

I+

86 3.88 39 392

M(J/y 77)) (GeV)

0 CDF PRL 93 072001 (2004)

6000

CDF Il
2200

50001 2100

4000

30001

Candidates/ 5 MeV/c 2

2000

o

+

® O ™ s LA s S Tas Tans

+ %+ﬂ”** Rty R Y L
4 S

1000<.-*"W AT

3.65 3.70 3.75 3.80 3.85 3.99 3.95 4.00
Jiynn Mass (GeV/c")

0 Babar PRD 71 071103 (2005)

X(3872)

-
<
&)

L
- J
>
' d
>
»

—
=1

Events/ 5 MeV/c”

—_

T T T T T T I T T T T I T T T T T T T T | T T T T |

1 | 1 1 ] 1 | 1 Il I 1 Il 1 L | 1 1 1 1 | Il | 1 L |

3.5 3.75 4 4.25 4.5

FE+HEXYZIRTES

4.75

1 DO PRL 93 162002 (2004)

© 800-DO X(3872)
S L
()
= N T
S 600
~ [ o~
» e
2 : 3
] =
.t-é’ 400 e
] I 3
c S 10000
200_— 5
E M;j.p. (ée\)lcé)
o v by b b
0""06 07 08 09 ,1
=M.  (GeV/c")
puntn pp

] LHCb PRL 110, 222001 (2013)

IO ———7T ]
—& Data d Lch
300F- —e— simulated J"%1*  :
» F .- i PC ot W
2 o50F Simulated J =2 x. =
9]
>
[
< 200 —
c
2
D 150 + -
5] =
> E
s 100 =
| =4 - H
Q0 C 2 ]
O 50 — '1; i 3
T Mo ]
0 I 1 1
-4 2 0 2 4

-In[ P(27) / P(17) ]



YRIRICHRE

(  KEFRER
BT ¢ )= """ T ( ) T ( Jo " g§i111007202921080013 881;;
IR & ( )~ . * +
;-3 (

F R TR

»
Multiplet ~ State Expt. Input (NR) | Theor. ﬁ%%ﬁ 1[% _-LE ﬁ E\Z

NR GI

1S J/(13S)) | 3096.87 = 0.04 3097 3090 3098
7:(1'Sg) | 2979.2 £ 1.3 2979 2982 2975

28 #(23S)) | 3685.96 = 0.09 3686 | 3672 3676 - }:—&; B{J ﬁ?jﬁ: ‘ . &\‘ P 5& )-‘-‘
ng(zls:)) 3637.7 =44 3638 | 3630 3623 éﬂ. AR {E = N

_ —_— . i

I+

+ . ) V  PRLI102092005 (2020)

N—r
I
~
I+
~

38 $(338)) 4040 + 10 4040 | 4072 4100
7:(3'So) 4043 4064
45 Y(43S,) 4415+ 6 4415 4406 4450

P e e, S |wem 7+ THRED JR] ST B S 55 L

Y(1°P)) | 351051 +0.12 3511 | 3505 3510
Yo('Py) | 3415304 3415 | 3424 3445
h.(1'P)) see text 3516 3517

v - BRI A -
(2%P) 3925 3953 N B %%jﬁ&& \)
Xo(2°Py) 3852 3916
h.(2'P,)) 3934 3956

3p X2(3°P,) 4317 4337

X (3°P) 4271 4317 ?E,%g&
P 9 4318 B IE RN

PRD 72 054026 (2005)

FHEXYZIhdS 6




)RIAIERESTS

OF% M ARERIIRES, = 1"+, B — 1+

4 )
b 0— 0y 070
RS -
H FEL: -/
o j
JPC Cases Channels
1 2 3 4 5 6 7 8

= 1 [DD']|S;) [DD*]PDy)
I [D°D]Psy) [D°D*I°Dy) [DTD*7]|’S:) [D*D*7]’Dy)
ur  [D°D*]Ps,) [D°DI’Dy) [D*D*]PS,)¢ [D*D*]PDy)°

U= 1 PPy DI DS DDDY _ _ _
I [BPD¥]Ps ) [PPDY|PDy) [prp]Psyy [DHD*|PDy) [DDUPs) [DRDR2by) [Dr+D*Ps ) [BD|PD)
Il [D°D¥]Ps,) [D°D)PDy) [DTD*]PS)¢ [D*D*]PDy)° [D*D*]PS)) [D*D®|PD,) [D**D*]PS;)¢ [D*D*]PDy)*

E+HEXYZIHTES 7




I @ FITIMRE

y 54 HRE - T (3872), ~ R4 - WF T . T
GRSt R e e
M(hihy — hshy)

Voio(r) = —Cp(i, J) i

-

ng ﬂIY(Ala mp,-/w,-’ r)'

%KES_D%‘]E% ’

RIS, (FEE) AE SRR

° \ o N o
Vg - - Ml > hshy) I | XIF
- : ' Vo) = ~Cali, ) B AV + AT NV,
JIT: 2M; 11, 2M; A A (r) (i, J)3f2[ 2V2 + AT IUN;, g, 7),
‘, - = o o Vy(r) = —Cy(i, ]) 3 f2 [ﬂ2V2+§Z{3T]Y(A My, 1),
d Direct diagram Crossed diagram v , o /12 ——— ’
Vi(r) = f o ’)13 STV @F (g my) e il
Viotal(r) = Vp(r) + cVe(r) ~Cosolis DFLGAT Y (Ais i )

- RGBS RETN AT AR N

_ _ _ _ _ _ 2 2 2 2
(VDOD 0|3S1)—>D0 0|3Sl> (VDDD*DPSI)_)DDD*OPDI) (VDOD*OPS])—)D{‘D*APS]) (_VD{]D*0|3SI)_)D+D*~|3D1> 7{| _ dlag - V _ V _ V +Am _ V +Am)
_ - b ’ ’
YD DOPDY=DDPS1) DD FDY—DD DY) D D PD)—-D* DS 1) D DOFD)—D* D D) 2ur i 2up 2
(V (VDJrD |3S1)—)D0 O| S ) (VD+D*—|3SI>_)DO[)*D|3D1> (VD+D*~|3SI>_)D+D*~|3S1> (VD+D*~|SSl)_)D+D*~|3Dl> . 3 3
+ y—13 0 73:03 + =3 0 7303 + =13 + =3 + =3 + =13 '7([1 = dlag 0 0
D DPD)—=DDOPS ) D D PD)—DDPDy)  yD* D D)—>D* DS ) )yD* D D)—D* D Dy) ’#1,,2’ ? u2r2

BAEEEETE: (K + KL+ V) () = EG(r) |90 = @popoyps,ys Puoopoipp.ys Biorp-1s s So-p-1pn,))

F+EXYZHTE 8




(  )BVREES

(B87T2ERRER) — (17 B FSHIREME

F (g . mg) = (A* —mg)/(A* = q°)

A (GeV) Case 1 Case 11 Case III
E (MGV) FrRMS (fm) Pl P2 E (MEV) FrRMS (fm) P} P2 P3 P4 E (MGV) FrRMS (fm) Pl P2 P3 P4
1.08 -0.12 5.84 99.16 0.84 X X
1.16 -2.13 251 08.24 1.76 X -0.25 4.90 86.82 0.49 12.19 0.50
1:0F —-2.54 2.32 08.14 1.86 |-0.25 4.94 88.02 048 11.01 049 |-0.50 4.06 83.17 061 1561 Q.61
138 —2.98 2. 16 08.04 1.96 |-0.49 4.12 84.67 0.60 14.13 0.60 |-0.82 3.39 79.68 0.71 18.89 0.72
1.19 —-3.46 2.03 9795 2.05 |[-0.80 3.44 81.40 0.70 17.19 0.71 |-1.19 2.89 76.51 0.81 21.86 0.81
Casel) > (Caselll) > (Casell
e = (Casel) > (Caselll) > (Casell)
\'\ \\‘ (Casell) > (Caselll) > (Casel)
—0.6 | \ N,
\ ¥
T ——— [—— 5] AL BERE SR EI 55 T ARl 2 RIRAH EYEA
- — Casell - — — Casell by \
1.2 = Case Il \‘\ . . 2L Casedll B ﬁﬁ%ﬁ*ﬁﬁ{/ﬁﬁﬁﬁgiﬁ;% EE‘*_?‘L?IETJ E‘Jn&%l ’
1.08 1.11 1.14 1.17 1.20 1.08 1.11 1.14 1.17 1.20
AGeV) A(GeV) FECHEER RN REZRE M.

F+HEXYZIHTS



(KSR EERE

()RR ‘
! - + (3872)HIC FRRIKAES (3872) A, H

~ 5\' \ —-=Casel —_ _ -
= 3 | E4 \‘\_ ot T 15 FIFS, THEER S L.
S, Z,
= ‘ s
Y -gigg;;l Y \ - (Casel) > (Caselll) > (Casell)
17 120 123 126 | L7120 123 126
A(GeV) A(GeV)
(B87T2KFHEDS  — RITRZMR
0 — 6
G . ONTRABKES, REWEAS, Ml
: it et b - ARG, ECHEERE & RETFHE.
9 Z Fe~
1
25 26 21.\7(Ge‘2].)8 29 30 25 26 ZAZGe\%;s 29 3.0 o m%%ﬁ%gﬁﬁ‘zm%gﬁ*, }?ﬁﬁ%ﬁ%%%ﬁ
6
:, [DYDT] = X(3960) DDy = X(4274)
23
2 [D:JFD:_] =) X(4140) [D;H'D:a] =) X(4350)
%5 230 23 20 Z4s | 335 a0 235 20 2ds

A(GeV) A(GeV)

E+HEXYZIHTES 10




Fig. 1. Vector meson dominance diagram. Fig. 2. Annihilation diagram.
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Starting from the hypothesis that the X(3872) is a DD* molecule, we discuss the radiative decays of
the X(3872) into y J/¢ and yv' from an effective field theory point of view. We show that radiative
decays are very weakly sensitive to the long-range structure of the X(3872). In particular, contrary to
earlier claims, we argue that the experimentally determined ratio of the mentioned branching fractions
is not in conflict with a wave function of the X(3872) that is dominated by the DD* hadronic molecular
component.
© 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license
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