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Observation of a Narrow Charmoniumlike State in Exclusive B* — K*zr* 7~ J /i Decays
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MX(3872) —_ 387164‘ MeV
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Meson State  Mode me (MeV)  Amps. ( GeV™1/2)
x2(3972)  2°p, DD 42 D, = +0.0992
DD* 37 D, = —0.1172

D,D, 0.7 'D, = +0.0202

total 80

x1(3925)  2°p, DD* 165 38, = +0.2883
4 3D, = —0.0525

xo(3852) 2, DD 30 'S, = +0.1025
h.(3934) 'p,  DD* 87 3§, = —0.1847
D, = —0.0851
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Refs.

bare Mass (MeV)

physical mass (MeV)

mass shift (MeV)

[1] 4180
2] 3914
3] 3953

4030

4
Al 4038

3990
3868
3884
3875
3930

-190
-46
-69

-155

-108

[5]
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TABLE I. Hadronic shift (MeV) of charmonium 2*!'P, bare
states E,, for different channels. The bare positions were taken
from Badalian er al. [7]. § is the total shift and « is the closed
channel (D*D*) suppression coefficient.

Shifts (y = 1.1)
State J°¢ E, DD DD* D*D* ) E Exp.
- k=0 0 0 3.969
22p, 27 3969 <+ oo k=025 —14 —14 3955 Z(3930)
- k=05 —27 —27 3942
| 2P, 1T 3954 to threshold 3.872  X(3872) |
-2 - k=0 0 -2 3916
22p, 0** 3918 —2 -+ k=025 —33 —35 3883
-2 - k=05 —66 —68 3.850
2P, 1Y 3959 .-+ =29 k=025 -7 —36 3927

- =32 k=05 —14 —46 3918

4.00 4.05
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State My, MeV)  my, (MeV)  Sm (MeV) T (MeV) z —_—— -
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Identifying the structure of near-threshold states from the line shape”

CHEN Guo-Ying(FFE#)44  HUO Wen-Sheng(# X 4:)%?  ZHAO Qiang(#X5#)%3)

! Department of Physics, Xinjiang University, Urumqi 830046, China
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< 2 Institute of High Energy Physics, Chinese Academy of Sciences, Beijing 100049, China
c 3 Theoretical Physics Center for Science Facilities, Chinese Academy of Sciences, Beijing 100049, China
4 State Key Laboratory of Theoretical Physics, Institute of Theoretical Physics,

Chinese Academy of Sciences, Beijing 100190, China

Abstract: We revisit the compositeness theorem proposed by Weinberg in an effective field theory (EFT) and
explore criteria which are sensitive to the structure of S-wave threshold states. On a general basis, we show that the
wave function renormalization constant Z, which is the probability of finding an elementary component in the wave
(a) (b) 1e description of the threshold state. As an application

5. 0 T T T | T T T [ T T T [ T T of the D*°D® invariant mass spectrum in B—D**DK
e X(3872) as a candidate of the D*°D? molecule may
the one hand, explains its production in the B meson

a a - b is ¢ lated with the D**D° threshold enhancement

r E‘ﬂ 21 IS, mliefien 'H Hg ‘j ‘e r EWFE - — lfve(‘ (:;.:,Z show that if Z is non-zero, the near-threshold

B$ x\jEE‘E *u Exm SZ 1‘ 1 ) i — e driven by the short-distance production mechanism.
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Xé;;;flggﬂfgﬁm@? 1X(3872)) = VZ|c&) + V1 = Z|IDD*)

l_Y_) \_Y_)
SH2ES KRS

LAceh=E LADD* 9=

AESFEEFTEEFRPTINEEBKERILAMRIFLFEX(3s72)MESE, (BERAERIFHIEFESHY
FEE=IZIRRT

VA(LZ'?(QS))/F (’YJQ?/) EVIS DOCUMENT 1D TECN  COMMENT ro/Tar E%Eﬁé’ﬁﬁ%ﬁiﬁfﬂﬁ’%}ﬂ?, ﬁﬁ\tlﬁﬁi‘ﬁ
1.674+0.2140.13 L AAL 24AD LHCB BT — y(2S)K™ | 13-1'_'79 (P hys.Rev.D 79 (2009) 094004, Bai-
and yJ/pK T Qing Li, Kuang-Ta Chao) :
+ o We do not use the following data for averages, fits, limits, etc. » ¢ o
<0.59 90 ABLIKIM 20w BES3 el e — yx.1(3872) Rip’fy/wfy — 13'60
2.464+0.64+0.29 369  ZAAl 14AH LHCB Bt — ~v¢(28)K™
<2.1 90 BHARDWAJ 11 BELL Bt — ~yy(S)KT ; £33 £ 2
34 L£14 AUBERT 098 BABR BT — ~ceK’ ﬁﬁﬁ??g{%_ltﬂ’]éﬁ%jj
(Phys.Lett.B 588 (2004) 189, Swanson)
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tiggEe I, B, Z, Axxfl Bppx EEREHSE, EPrilsaLiEdsSieSiEmE TE
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B Belle data

S| 1 X(3872)FPFF
| EEHcc
Rk$, MBTE
BRI HikEE
TEE(EA,
&Efkcchtl
AJEEAR K,

Events/2MeV/c*

Eit EAlE, FEBE: A
By LalE, (FEBE XK — _0.154+0.65 GeVS/Q, 7 —=0.194+0.929.
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Role of the short-distance interaction in e*e~ — yX(3872)

Ming-Xiao Duan

Institute of High FEnergy Physics, Chinese Academy of Sciences,
Beijing 100049, People’s Republic of China

M  (Received 18 March 2024; accepted 17 July 2024; published 21 August 2024)

In this study, we analyze the cross-section data from the ete™ — yJ /yr@ process to explore both short-
distance and long-distance interactions for the radiative transition ¥(4200) — yX(3872). We investigate
the short-distance effects through the El transition among the ¢¢ components, and the long-distance effects
via hadronic loop diagrams. Our numerical analysis reveals that short-distance interactions play a
significantly larger role in the radiative transition than that of the long-distance interactions. This finding
underscores the importance of the compact ¢¢ components in both the initial and the final states for
accurately understanding the cross-section slee™ — yJ/wm|. Furthermore, with the help of relative
branch ratio R we estimate the I'[¥(4200) — yX(3872)] implied in the experimental study. Finally, we also
discuss the possible existence of the y(4040) signal within the cross-section data.
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RS R —— Data
S b X(3915
D = —_—
S 20 = 3960;
m - " """ . omnmmnn
y (4160) y (4230) - B
200 H O BES:e‘e—hadrons B BESlll:e*e—n'my(2S) v B
O BES:e‘e—hadrons ® BESIle'e—nJdhyp 'E 10 [
A LHCbB —K'u'w A BESIle'e—~a'DD" @) B
{ DASP:e*e—hadrons ¥ BESIle'e—=x"wh, LI>.| |
160 T ® BESllle’e—a00hy |
* BESllle'e—a'wJhp 0 =5 e =5 e
S # BESIle'e—a'xh, . ) . 4.05
> ® BESlle'e—oy,, M(awJ/y) (GeV/c?)
3120 i l ———e——| = BESIll:e'e —wy,,
= ' o
5 [ e
= 80 - Q —
E -
L0 B
-.-- —
a0} 210
.é_. c -
4]
~ B
| Y@200) l o F
4140 4160 4180 4200 4220 4240 4260 O &= . == ) vt e 4
ass (MsV) 3.85 3.9 3.95 05
M(wJ/y) (GeV/c?)
. . == VAN = |c>7
FIG. 1. The comparisons of the measured masses and widths of X(3872)1|:|"5_|_73 e=3

w(4160) and y(4230) across different channels with Y (4200). 16
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A. The E1 transition to the c¢c component in X(3872)

Loy (7571 L, — 0L, +p) = 2 Cpibss elal{f|r|i) PE:

3

Processes

Decay width [keV]

[?[y(2D) = 7y (2P)]
Py (4S) = 721 (2P)]

62
262
342
0.08
0.43

With the above results, we find that the I''?) [y/(2D) —
vxe1(2P)] = 262/342 keV is significantly larger than the
other channels in Table I, which suggests the y(2D) —
yw(2P) process dominates the short-distance interaction
among the different possible E1 transitions. Consequently,
the short-distance coupling constant is determined as

Gyx, = 2.75 by the T'@[y(2D) - yx.1(2P)].?
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B. Radiative production of X(3872) through
the long-distance contributions

<>
LYD(*)D(*) = -|-igYDDDa DTYa
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MO = A18,,apPEESESEY + AntapDUESESEN + A nap D PYESELPs - €3,
M? = B¢ r/rx[)’p383€4£ﬁ + B»e r/(xﬁp4€384£ﬁ + Bse yaﬁ’p3p483£,ﬂ4p3 €4 + Bye vaﬁ’p3p484£ﬁp4 €3,

M = M = E |85 Pe565€) + Er€apPliesese).
MI = Mh = Ge mﬂpg‘egeﬁeﬂ + Gr€,,ap PhESETE, .
A=A, Bj=B,, Ey =E,, and G| = G,
2E,+2G, =—-A;— By +A3(p4- p3) + Ba(ps- p3)
Meent = (2E, +2G,) ”mﬁp38384£ﬁ

M" = M + M?+ (A; + By + B3(p3 - &)

X eﬂmﬂpg,e”ej‘feﬂ

11 |p3|‘Mloop|2

[P [¥ (4200) — 7X(3872)] = 5 o~

TABLE II. The long-distance contribution of the radiative
decay from M¢“ to M". Here, Y, and Y, denote y(4160) and
w(4230), respectively.

a [eV] 10 15 20 25 30 35 40

FIDDP[YII_’EX(?’S?M] 07 L. 1.6 23 32 45 5.7
F'°°p[Yzl—>;X(3872)] 04 07 10 15 19 29 38

21
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UMMAFEDDIRE: QT WARK / dq _ or (_ o +p’f§‘f)

/

v

q9"q )( F(q%)
p

m2 ) (p7 —m?})(q* —m2)(p} —m3)

X(ga1+

£iT5 EH%EF' 4.2 GeVAbY TABLE III.  The radiative decay widths from a molecular D, D

,U\__]'L IME S FSEERT initial state and the total radiative decay widths I'” in the long-
E[D1 D]lj—d{Eo distance interaction. Here, Y, and Y, represent y(4160) and

w(4230), respectively.

a [eV] 10 1.5 20 25 30 35 40
Py, —yXx(3872)) 47 6.6 81 94 106 11.6 125

1—Zy

I [Y,—yX(3872)] 50 7.5 101 134 16.7 20.7 24.1

1—Zy
2Py, —yx(3872)) 4.9 6.8 84 9.7 108 119 128
1—Zyx
ThY,—yX(3872)] 7.5 10.8 14.1 17.8 21.1 258 29.8
1—Zy 22
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{ My u23074.222 GeV

e Experimental data
results based on y(4230)
results based on y(4160)

-
w

o(e’e—>ywJhp) (pb)
=

o
o

11’2 (GEV)

FIG. 6. The cross section of eTe™ — yJ/ww. The black dots
with error bars are the experimental data copied from Ref. [2].
The two peaks with colored bands are the numerical results when

w(4160) and y(4230) are assumed to be the original source
of ¥(4200).

5(3‘3:1/;(4160)1?‘“ Zy = 0.25~0.28
XFFY(4230) & : Zy = 0.12~0.14

17 7 H—2RY &L
LI T 1 R = B[X(3872) — wJ/y]/B[X(3872) — ntn~J/y]

Fe+e =yl /yrr _ Fe+

7=, Bl

x B[Y(4200) — yX(3872)] x BX(3872) — z*n"J/y]
Y (4200) — yX(3872)]

e*e‘ayj/w:r*;r

B[X(3872) N a)J/l/f]

. —yJ/ynt ™
R =160 T¢ e oy
203> Y

BIX(3872) = wJ/y] = 43 +2.1%

4 &+1.1
= -4.5_0_8 X

ey, — yX(3872)] = 244158 keV,
ey, — yX(3872)] = 5312/ keV.
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2.0 [~ ' E
" Mw(4160):4. 191 GeVi E-Mw(4230)=4.222 GeV

Experimental data

1.5 F [T results based on y(4230)
[ o I results based on P(4160)

1/2 (GGV)

FIG. 6. The cross section of e"¢~ — yJ/ww. The black dots
with error bars are the experimental data copied from Ref. [2].
The two peaks with colored bands are the numerical results when
w(4160) and y(4230) are assumed to be the original source
of Y (4200).
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Processes

Decay width [keV]

Ty (3S) = vy, (2P)]

62

'y (2D) = yxa (2P)]
Iy (3D) — yxei(2P)]

262
342
0.08
043
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  𝑿  (  𝟑 𝟖 𝟕 𝟐 ) :      𝑱  𝑷 𝑪 =  𝟏  + +


   M  X  (  3872 ) = 3871 . 64   MeV


   Γ  X  (  3872 ) = 1 . 19   MeV


   𝟏  + + 态


  𝑫    𝑫 - ∗ 阈 值


  q


  q


   q -


   q -


  g


   𝑫 ∗  𝑫 - 耦 合


    红 色 实 线 代 表 𝜒  c J  (  2 P ) 的 自 能 函 数 Re Π (  m 2 )


   m 2 −  m  bare 2


      𝜒  c 1 ( 2 P ) 的


      𝜒  c 0 ( 2 P ) 和  𝜒  c 2 ( 2 P ) 间


   𝜒  c 2 ( 2 P )


   𝜒  c 0 ( 2 P )


   𝜒  c 1 ( 2 P )


   𝜒  c 0  (  2 P ) ,


   𝜒  c 1  (  2 P ) 和  𝜒  c 2 ( 2 P )


   𝑫  ( ∗ )    𝑫 -  ( ∗ )


  | 𝒄  𝒄 - ⟩ 部 分


  |  𝑫  ( ∗ )    𝑫 -  ( ∗ ) ⟩


  B → K  D  ∗ 0    D - 0


  c  c -


  D    D - ∗


  𝑩 → 𝑲  𝑫  ∗ 𝟎    𝑫 - 𝟎


  Γ 和


  𝒄  𝒄 -


  𝒄  𝒄 -


   M l


  | 𝒄  𝒄 - ⟩


  𝜸 𝝎 𝑱 / 𝝍 的


   𝑫 𝟏  𝑫 -


   D 1  D -


  𝜓  (  4160 ) 假 设 ：  Z X = 0 . 25 ~ 0 . 28   对 于 𝜓 ( 4230 ) 假 设   ： Z X = 0 . 12 ~ 0 . 14


  𝝍 ( 𝟒 𝟎 𝟒 𝟎 )


  𝜓 ( 4040 ) 的


  𝒄  𝒄 -


  𝑫    𝑫 - ∗

