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Belle: & = o /

Oin 2016, Belle has observed a in © ~ - / ,andits signal
is described by the BW amplitude.
18 Jre Mass, MeV /c? Width, MeV Significance
C -+ 1426 V1 +154
6 - | Belle: PRDa5(2017)112003%" . Wy g
14 - 2 3879129 Waky o 8.00
12 387911 148t " 8.00
10 - 2++ 3883128 22741 8.00
5
6
Gty _ 44
4 XC0(3860) I15(J7%) = of (0™ )
5 T H PDG201{8
| 1 OMITTED FROM SUMMARY TABLE
0 - . M—— The assignment P —otis preferred over i by 2.5 sigma.
4 4.5 ) 5.5 6 Observed by CHILIKIN 17 using full amplitude analysis of the process
ete = J/;!JD?, where D = DO, bt
> The = ** hypothesis is favored over the *™ at the level of 2.5 .

» The lineshape of resonance can not be described by BW near the threshold.
» Large uncertainties of the experimental data.



Amplitude squared

i J/
OTheometical model /
do 1 2 .
=t =i < |\7]| |k| | T,
dM;,.(DD) (Qﬂ_)3 q\/: 7| k| [T, >‘“MM/v <
2 1500 | *‘~_]-_l__[_
- I ey,
_50%700 38IOO 3500 4000 4100 4200
Mpp (MeV)

No significant signal around 3860MeV!!!



Belle&BABAR:

OFKGuo-Meissner, PRD86(2

30F
25k

] BABAR data
|

Events / 10 MeV
[\®)
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012)091501
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—_— X(3915)
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o | W
b= [ ]
=5 ]
P F 4
z r ]
g 10r % 7
53] I

BLRETT

42

M(DD) [GeV] M(DD) [GeV]
2L+1 2 o _ )
B; (w) = (ﬁ) M . .F.L (w) - ~ X(3915) is probably of exotic nature. There is an indication
Do w (w? — M?)? + T3 (w)M?

M)hﬂ[gp) — (38376 =+ 1 15) MCV,
]__‘Xcﬂ[zp) _— (221 = 19) MeV.

that the present data of the yy — DD process already
contain signals of the y.(2P) with a mass and width
around 3840 and 200 MeV, respectively. More refined
analysis of the data with higher statistics is definitely
necessary to confirm our assertion. In addition to the




Belle&BABAR: S

DAnaIySiS without X(3860) Eur Py, 1. € (2012) 722226 THE EUROPEAN
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Does the enhancement observed in yy — D D contain two P-wave
higher charmonia?

o
th
T T

Dian-Yong Chen!->2, Jun He'=®, Xiang Liu!-2¢, Takayuki Matsuki*d

rd
=
T T

cos#* distribution of yy — DD. Our study has illustrated
that the experimental data of these quantities can be well re-

Events/10 MeV /c?
S
I 4 I

LT I“ produced when considering both x.o(2P) and x.2(2P) in

'ﬁiih.i;! l v ¥ 1 I the yy — DD process, which supports our conjecture of

5__ | [l ‘i;h‘"‘l' . ____- IT'}"T=] Z(3930) structure. As indicated in Ref. [13], BaBar 1s car-

ol L T rying out the spin—parity analysis of X (3915). which will be

37 38 39 40 41 42 43 helpful to clarify whether it is suitable to explain X (3915)
Mpp (GeV/c?) as P-wave higher charmonium x.0(2P).




Belle&BABAR: S

OTheoretical model poren ] g [ ] ]
" _ 200 ] ]
- 2 | !
S ] E 15:— ' :_‘2 —
do 1 1P| : L2 + } ?
=5 =M | L ALY I R R
3 | 4.1 4.2 38 33 4.0 4.1 4.2
M(DD) [GeV] M(DD) [GeV]
. . i | | | G f _ ' © |
No significant 6
. g 4p L 0 I
signal around ) ][+ 'I' _[_ £ s
3840MeV!!! B i JrJr JrJrJrJrJr BN _
%700 3?I50 38;00 3EI§50 3900 %?OD 3%50 SE;OO 38;50 3900
Mpog0 (MeV) Mpp (MeV)




»3.92 GeV, Godfrey-Isgur, PRD32(1985)189

»3852 MQV(NR,LP), 3916M9V(G|), Barnes-Godfrey-Swason,
PRD72(2005)054026

»3842 MeV, screening potentials, BaLi-KTChao, PRD79(2009)094004

»3869 MeV (LP), 3848MeV(SP), new paras,wJbeng-Gui-
Zhong,PRD95(2017)034026

»Narrow width~20 MeV: Gui-Lv-Zhong-Zhao, PRD98(2019)016010, Barnes-
PRD72(2005)054026, Xiang Liu PRD101(2020)054029

still needs to be confirmed
by more experiments.



LHCb: - & ~

>»No evidence of the in the N
- LHCb,PRD102(2020)112003,PRL125(2020)242001

> A large strength of observed at the  threshold.

S wave in the baseline model. The broad z.o(3860) state
reported by the Belle Collaboration [53] has been included
in alternative fit models but is disfavored. Fits in which

) (Y
Lh =
rTrra

[
)

=
I LI rrytd LI L

Citation: S. Navas et al. (Particle Data Group), Phys. Rev. D 110, 030001 (2024)

PDG20)24

XC0(3860) !G(JPC) — 0+(0++)

OMITTED FROM SUMMARY TABLE
The assignment P = 0T is preferred over 2t by 2.5 sigma.

Candidates / (0.037 GeV?¥/ ¢4
wn w

=
T

Observed by CHILIKIN 17 using full amplitude analysis of the process
ete — J/4 DD, where D = DO, DT. Not seen by AAIJ 20Al
in the decay BT — DTD~ K™,

mA (DD [GeV* ¢4 T
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Hadron-harond threshold

[ J X(3872) ~ N Charmonium spectrum
. Y2 X (4685)
wiihed) X(4630) (1]
) ~ 3
1 (4500
4500 V(4500 = Yaldl) Z,4430)" ]
4?{4 90_— Y(4415) 2F
y(4390) B X(4350)
— (4360) . 3p P G ACEE
wasy) ¥ -
w(4230) = Yol (4274) ) b)) Ro(4240)  Zp(a220)
T a0 Yaldldn) B gy
. IF  mmememn
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e - o il [-402[”;“““__*'-“(___)__-
: 2P 2» XG940 iz e
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= e e O S S
!a[:.,s]
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hﬂ”:] [(, _;P(,
2D Ya(lP) “— X(3015) 0 0 o2
3500 X[3040,4160) 7 ot
= X(4350) 0t i
)(.ul'l]’} Z;t 1* 1t
R 1+ 0"
X(4020,4055)F 1t 72
X(4050,4250)% 1 ™
I Godfrey-lsgur quark model |
discovered before 2003
30001 _f(lS) discovered after 2003
[0°(07) 0°(17) 0°(1%) 0°(0™) 0(1%) 0%(2™) 07(27) 0°(3T) 97 I=1 1=1/2
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Prediction of  state X(3700)

O

YV V VYV V V VYV

| 0++
3700-3730 MeV Nieves, PRD86(2012) 056004, PRD87(2013)076006
3720-3730MeV,Gamermann=-Oset, PRD76(2007)074016, EPJA41(2009)85
B=4 MeV, LacD, JHEP06(2021)035
3734MeV, Dong-Guo-Zou, Progr.Phys.4(2021)45
3739MeV, PPShi, ZHZhang-FKGuo-ZYang, PRD105(2022) 034024
3.73GeV HXChen, PRD105(2022)094003
~3730MeV, FZPeng-MJYan-Pavon, PRD108(2023)114001
3700~3730MeV, PNShen-BSZou, PRD74(2006)014013(2006)
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Search forthe  bound state

> S , Dai-Xie-Oset, EPJC76(2016)121

> S S " CWXiao-Oset, EPJA49(2013)52

> R - ", CWXiao-Oset, EPJA49(2013)52

> T T4/ Y4 ', CWXiao-Oset, EPJA49(2013)52

> ., EWang-Xie-DMLi, PRD103(2021)114013

> T o5 T , Li-Liu-Wang-Wei(PRD109(2024)094014), Xie-Liu-Geng,
PRD107(2023)016003

> T4 7 , Brandao-Song-Oset, PRD108 (2023) 054004

> * B 4 / gy g
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Mechanismfor = — . /

OFormalism r dgb ! !

Gy =i g =
J/Y S 2@)* q* —my +ie (P —q) —m; +ie

E"‘
D (30)
| mi . e myAs. my . P a=—13
= (r_ri- +log—++—= log— + —
167~ T 25 mi; s
D s —m3+m}+2pfs = ladlle .
e

>< ] g ] 9
( . m; —mi +2p.fs
s+ m:—m?+2pJs
do 12 S +1log 2 T2 )) 31)
il ; € |‘I_};||k| Vid il —s~=ma-+ mit2psfs
dMiyy(DD) ~ (27)3 5/5
: TABLE VI. Residues for the polesinthe C=0,S=0,.1=10
T=01-VG|~tV. ’
¥ = =¥ i i sector.
1 2
P = 12f2 (Tr(Jsnggg 2 2J33#J§§§ A J3§# Jgf%) Channel fo (GeV) a (GeV) Heavy singlet (GeV)
T I ) 3.00 0.16 = 0.05
8 4 KK 3.80 1.25 0.05 + 0.03
+ JP“ M = T J# 4 Js J# . . d s B S
3 1Bl \/57’( T TR 7 3.14 0.36 0.01 + 0.01
- . DD 0.73 4.14 11.44 + 4.42
T 2% 58wty + UsTs3udy + Loss). D.D, 3.73 0.49 7.55 * 2.97

__ — 1.97 0.98 0.12 + 0.09
Phys. Rev. D 76, 074016 (2007) 15




Resultsfor * — - /

OOResults with =—

12 g @ j 7
18 N T T T T ] 14 |
g e B 5 ] 6t
16 X(qul— ) GO 12 ¢ ¥ 5L
d T 10 | =
o 14 : a i
€ 12¢ 6 E S
s 10¢ 4t 1!
i 8 i 2F 1E
a 6 ; 3300 3400 3500 3600 3700 3600 3500 4000 %300 3400 3500 3800 3700 3800 3900 4000
= My, (MeV) M, (MeV)
= 4 ¢
S 2 5 -
0 ¢ : 2|
_2 L 1 | ; i ] .
3700 3800 3900 4000 4100 4200 % 15 ¢
Mpp (MeV) NE al
05|

¢ Near-th reShOId enhancement %300 34;00 3500 ?r:‘:f‘f)(m?;t))ﬂ 35;00 3900 4000
« Peak around 3720~MeV
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Resultsfor ¥ — o /

[COResults with different values of

18 [ & & = = w & o e o B & et & b & ] 18 77—
i oa=-0.8 1 : a=-04

g 151 == 5 i

e 12 ] e 125 B

= | r = I

a 10 ¢ o WE

8 gt ; 8 gt

8 6 -y

s ] = : I [

A% 4 ¢ 1 & 4

© i l 1 O l

© 2 o l E - 2 l
0} [ —— 0 l
HEs 2 s s ru 26 e e s e r e s s sa 0 s ., Jf SV - . IR S S
3700 3800 3900 4000 4100 4200 3700 3800 3900 4000 4100 4200

Mpp (MeV) Mpp (MeV)

* The Belle data could be well described by considering the

-+

dynamically generated  bound state in the process I
7 -
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Mechanism for

OTree diagram+ FSI

|2Bette]? = Cgettel2popo |2

K,

128aBar|” = Crasar(|tpope|* + Bltp+p-1?),

j 250

BABAR data | 1 [

> o i
) 1 L
= ] i
o ] i
Z ] [
S ] i
- B &
@ ] [

O:L . L.l ,"."',-.—,”,..‘.,4,,P_,‘,,i,,ii 07.‘ P S
3.8 3.9 4.0 4.1 4.2 3.8

Belle data

M(DD) [GeV]

RS il I
39

M(DD) [GeV]

T
4.0

19



Results for

[OFit to Belle Data

25_....,....,....,....,....,.... "'|"_
- 68%CL {a}:
! our
20 ¢ Belle
E [
T 15}
=S [
2 [
S 10}
B I
51
D-....I...I....I....I....I.... PRI T 1 PR T T '
3700 3720 3740 3760 3780 3800 36820 3840 3860
Mpoge (MeV)

it|°x 10°

aur
3500 3600

| m— 68%CL

" (b) |

700

Mpg (MeV)

3800
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Results for N

COFit to BaBar Data

35 P I L) LT P 7l R T 2t PN [P 27l Pl T T S o B . . . | T S S ) S R . - S|
| e 68%CL (@) ] | s 68%CL (b) ]
30 - our ! 6 - our :
25| 5 .
o [ r
frees L L L
5 = 2 4 '_
: s i ]
5 15 ¢ e :
L& [ ]
10 | 2t .
5 i : 1 .
D:....|....41/.#-.F..|....l....l....l....l....|..: 0 e T T R B e .|.___ !
3700 3720 3740 3760 3780 3800 3820 3840 3860 3500 3600 3700 3800 3900 4000
Mpp (MeV) Mpp (MeV)
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Fit C-Both Belle and BABAR

COFit to Belle and BaBar data

25 35 T T T T T T T :
m 58%CL (o
30 ¢ our E
20 Babar
- . 25 F ]
- 15 S 20 F
£ 0 £ 15}
=)
° 1ot
5
5 L
0 aia— ' : ' : : 0 B
3700 3720 3740 3760 3780 3800 3320 3840 3860 3700 3720 3740 3760 3780 3800 3820 3840 3860
Mpoge (MeV) Mpg (MeV)
8 — T T 1 T T T T [ T T T T [ T T T T [ T T T T
L | m—689%CL (©) ;
our N
6 .
) 5 ]
L=
% 4 ]
w—
=T 3 E
2 .
1 J
o —— ' '
3500 3600 3700 3800 3900 4000
Mpg (MeV)
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Mechanism for 5

Vp[1+Gp+p-tp+p-—popo
+GD[]ﬂutﬂan_3,Dnﬂﬂ
+(1+C)Gpip tp: DI—}D“D“] =
Vo1 4+ Gp+p-tp+p-D+D-
+G popel popo_s p+ p-

+(1+C)Gp:p-tp: DI—}D+D—] =

OFormalism ApsA DO PO
/ﬁ
-"Lb e F-Wave
DG(.D—I-.) ;"L.:,—};"'LD'I'D_
DY(D")
(a)
0 +
s (D)

fp-wave _

A D°(D+
. / / (D7)
. Ag > > BG(D_)

Y(3770)

BV, x ﬂfﬂ:{:}?m]ﬁﬂ

(D)

= —
M35
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Results for N

O * — = 3739 MeV, 070 =3730 MeV

1000_-----.-----.-----.-----.-----u-----_ 900
- (a) total
L —-—-— p-wave | e [t
g0+ oA e s-wave 750 |

[ 600 |
600 F I
_ 450 |
400 | :
[ 300 F

dl' /dM 4 - [arb.units]

dl' /dM po po[arb.units]

200 150 |

0_. R e WA R e W AR I A i I A A D-
3720 23750 3730 2810 2840 2870 3000 3720 3750 3780 3810 3840 3870 3900

M popo[MeV] Mp: p-[MeV]

The enhancement near the ° ° threshold is more significant.



0 e — _— [ ; —4
DLHCb measurements B(Ap > D"D7A)=(1.24£0.15+£0.10£0.28 £ 0.11) x 10

]
1

S g . oo
E 226 B
A e R e

1/N dN/dm(D*A) [MeV'¢?
o [ - B D
SCSeo ¢
1/N dN/dm(D~A) [MeVle

o o

sl || E
o2 Jﬁ. * Jf.t. ++++H‘+t++++.++++ﬂ+,++t, :oEy tt t ﬂ} * ﬂ J[ J#Wl ]\ i

3000 3200 3400 3600 3800 " 3000 3200 3400 3600 3800
m(D*A) [MeV/c2] m(D™A) [MeV/c2]

7]

B -
izl 3310
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© o 9o 2o

m(D*D7) [MeV/c2]

LHCb: JHEP07(2024)140
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Mechanism for — -

OFormalism |HY* = V,VaVic(uu + dd + 5s)csu
* r2 i
& /9 /¢ — vaﬂ'bv;js (ﬂ/f )44K
: = VVaVi (D°D°+ DYD™ + DIDT) K™,
o WK S b o _ e
b N s b—> > . H) = VVepVesces(uu + dd + ss)u
C:‘7 = V,Va V2 (M), e
u (:) T " pYeb cs( 1)317}', 3
a, u = i . — 0 i
:VVCV;:-; — 8 it cs
é & (c) pYeb (\/Q \/6 7}’)7}
c
q
1 B B
b v W C:g |H)® = VuVaVe x Cx (K- D7) Ds;
> (2

| H)Y! = VeV VS e C'xe (K—D°) IF,

SR R ®»
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Y

U <
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Mechanism for N

OFinal state interactions 7, — vV, v,V [Gpip tpip .
K- +(1+O) X GD{]D{] tDUD”—}nnﬂ
+(1 + C) X GDjD; tD;r D —nne

B Ui
= S +% X Gy, tn’nc—mnc] )
Ne T — Vp X B X M?{g(msn) |
/ K~ & M’f{_n — ﬂﬁfg(mso) + tM gz (1430)L k5 (1430)
B™—>
K3(1430)~ 42T 1 My, Mg, 2

|TX + Tk

) dMyy dMy—, — (21)3  8M3
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Results for N

Clinvariant mass distribution

0.0030
] —— Total Total
0.004 f - ===s X(3700) ] 0.0025 | - = =« X(3700)
—- = K3(1430) | " —— KZ(1430)
= T 0.0020
L 0.003 L
g =
= 2L 0.0015
o5 0.002 ap
= _ t _ = 0.0010 .
| ] |~
0.001 | ] ] i
: B - 0.0005 | :
0/4 “".,___l_ ------ =---—--1\\|' 0 -.—1" 1 1 1 " — —
3600 3800 4000 4200 4400 4600 4800 1000 1200 1400 1600 1800 2000 2200
My, [MeV] My, [MeV]
(a) (b)
Bt = (X3 = nep)K+ (0.9 ~6.7) x 10~ Br(B* — n.nK+) <22 x 10~

» JMXie-Mzliu-LSGeng, Phys.Rev.D 107 (2023) 1, 016003
> Belle: JHEP06(2015)132, 772 x 106  pairs at
> Belle ll: 50ab-1



Studyof ™ - 7

[02307.05351 , Brandao, J. Song, Abreu, Oset

Bt (P)

dr/dM, (mm)/T, [10°MeV"']

O 1 1 " 1 L 1 n 1 n
3700 3720 3740 3760 3780 3800
M. (nn) [MeV]

Br[Bt — KtDD|y; DD|, — nn) = 1.47 x 1074
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BESIIl Data for S

- 8 8
L -+-d_ata i =3710 MeVic? = 3720 MeVic? 3730 MeVic? =3735 MeVic? -+ data =3710 MeV/c? =3720 MeV/c? 3730 MeVic? = 3735 MeVic?
3— —signal MC  Dinclusive MC =3715 MeVic? m3725 MeVic?=3733 MeVIc? =3740 MeVic? - [inclusive MC=3715 MeVic? m3725 MeVic? =3733 MeVic? =3740 MeVic?
%, | Onon-DD _— o~ T
S L O™ty Q 6 Q 6
2 | B = > |
o 2- = | = |
< | 2 4 2 4
-lg : ..:;J_‘a i L L 3 :Jj - b
(0] 1# * QC) %
Lﬁ - J_F LH Lﬁ 2 e - + < Ll>J 2181 |t | [ et <+ | + |94 ¢
: E: § L . I el L Ll [ p L] AN,
_ I & AL | T T T
g RS = *N e ; ﬂ\ “1llILl‘uwrrr]nl',L.q. e JHL{ s [
7 371 372 373 374 375 87 371 372 373 374 375 97 371 372 373 374 315
M(m) (GeV/c?) M(r* Jhy) (GeV/c?) M(rn* i) (GeV/c?)
M (X (3700)) (MeV/cg) 3710 371h 3720 J¢2> 373N Ir3d aias 74

o (%) 10.35 10.32 9.94 9.58 9.11 8.74 8.49 7.93 The photon energies are about 30~40
B(x10°°) 7.9 80 82 86 91 16 17 18 MeV for M(eta eta’)=3720 MeV,
e (%) 15.68 15.59 15.88 15.50 15.38 15.32 14.83 13.76
Y(3770) = yrta = J/Y  eh* (%)  24.10 23.97 24.02 23.93 23.67 23.54 23.16 21.80 BESIII: PRD108 (2023) 052012
B®(x107%) 2.2 1.2 18 30 08 10 13 34

Y(3770) = ynn’
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Summary

OThe  bound state was predicted in many theoretical works.

OThe present experimental dataof © = - / and 5
support the existentce of the DD state.

COSome processes are proposed to search for DD state

> o
)
> + o, F

Thanks for your attention!
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