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Hadrons

* Hadrons: complex building block of the

visible universe

* Emergence of hadron structure
* How are hadrons formed from quarks?

 What is the origin of confinement?

 How is the mass of hadron generated in QCD?
* What is the dynamics of effective DoF in hadrons?

# Hadron spectroscopy

0.5

0.4

0.3

0.2

0.1

0.001

1/2000 1/200

172 rfm

| |
| QCD is applicable here

g; cccccc

asymptotic
freedom
] ]

!

confinement

0.01 0.1

1/Q GeV-!

courtesy to S. Olsen



Hadron spectroscopy

* Quark model: mesons baryons

* Key things to search for: QCD exotics(configurations beyond QM)

* Strong evidences for multi-quark in heavy quark sector
A new “particle zoo”: https://qwg.ph.nat.tum.de/exoticshub/

* Evidence for gluonic excitations remains sparse

How to identify:

* Manifestly exotic
* Flavor exotic

* Spin exotic: JP¢ = 077,

* Crypto exotic
e Supernumerary states
* Abnormal properties
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b-hadron decays
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X(3872)

Discovery at Belle
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Many experiments contribute to it

Spin assignment: JP¢= 1%

Mass is consistent with m(D°) + m(D*?)

Width is surprisingly narrow
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Its nature is still under debate!

— conventional X (23P;), DD* molecular state,
tetraquark, hybrid, vector glueball, or mixed?

Prompt production: X(3872)-1(2S5) yield ratio from p-p with increasing

multiplicities toward p-Pb and Pb-Pb collisions

Decay properties: — w/ /v, pJ /; = v] /¥, yP(2S)

[BESIII PRL 124, 242001 (2020)]
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A coupled channel analysis of the X(3872) lineshape
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Vector states: Y(4260) = Y(4230)

* Y(4260) firstly seen by BaBar

* Inconsistent with simple ccC scenario

Candidates for exotics:
* Hybrid /molecule /Tetraquark ?
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Data samples from 4.13 to 4.60 GeV(15.6 fb?)
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Open charm final states
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How many vectors in charmonium energy region?
lT 7 | | l Y | T | ] [ 1 [ {
oy B J 24 Between 3 and 5 GeV:
T 6 |- /v A Mark-I v(25) L 6 well known { peaks +
'S B Mark-I + LGW t 9 new structures
t - ]
—;—'i 5 - B Mark-II B
T - ® PLUTO i
= - % Crystal Ball .
= 4 | * BES —
T - 5 KEDR -
| - ]
nOR . N "]
S E
5

3 3.5

Besides cC states, we also expect gcc hybrids, and

ccqq tetraquark states. Have they already been observed?

- More theoretical/experimental efforts necessary

Y(4230), Y(4320)
Y(4360), Y(4390)

,Y(4500) Y(4630), Y(4660),

Y(4710), Y(4790):
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Evidence for the neutral Z.4(3985), Z..(4000)
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Search tor P. in photon production
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* Gluon exchange as a probe of proton structure
 Conspicuous structure at open charm thresholds

17
 Production mechanism must be understood to interpret data




Beyond hidden-charm:
Doubly open-charm tetraquark T ..

e Peak in D°D°r™ just below D**D°
threshold, extremely narrow

o/ =0/ =1
ccud
Coupled channel model
D**D° 4+ D*°D*
- {D°D°r*, DD+, DOD*y)
Yields pole parameters:
Binding energy: —360 + 401 keV
Width: 48 + 2*9, keV

Yield /(200 keV/c?)

[arXiv: 2109.01038] (Nature Physics)

[arXiv: 2109.01056] (Nature Communications)

B T T

E LHCh 1

30__ dmpopor < 0 Qﬂj_l —

4 data E

Sl 1 TL— DD 7

==== hackgr 1 7

20k total <|, s

B t 4 ﬁ 1

b bt

004 2.006 2.008 201

o [GeV/e?]

C:“\140_

(

120
100

o0
=]

Yield/ (500 keV/

=N
]

T 100———————————————————

; IIIIIIIIII LHCh 7 = 90F
3 +  dua 9fh! ; E s0;
| Do 120
g I‘. total E % 500
ﬂ + - g
B s B
33 ;iAM‘ = '3.[7(550\]'/“;] 0
------------ 1007
R
_ J( ] E o’o;
B3 i
| tl'ﬁ o 3|.8 o I3.‘85I ’
mp+p+ [GeV/e?]

| '3.74mD+D 3'75[(}&"/(]
i b
! I "

R
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]
]

m2(D*D") [GeV?/ ¢4
(]
<

Bt ->D'D K™

Open-charm tetra quarks

Evidence for T, states decay into D" K*

PRL 125 (2020) 242001]

— —
(@)} [ee]
1 LIL L LI

[a—
s
1 LI

LHCb:

8 10

f?’tj(D_K+) [(}GV;)/Cﬂ X1 (2900) .

Discovery of open-charm tetraquarks with four different flavors [csud]

— X(2900) :

[PRD 102 (2020) 112003,

Candidates / (17.3 MeV/c¢?)

Candidates / (17.3 MeV/c?)

f

e T AT e
s RO TP, s oL A

25

3
m(DTK ™) |GeV/e?|

M = 2.866 £ 0.007 % 0.002 GeV/c?,
M = 2.904 £ 0.005 % 0.001 GeV/c?,

Candidates / (17.3 MeV/c?)

m(D*TD™) > 4 GeV/c?

80
70
60
50
40
30
20
10

() B s iz - S

25 T
m(D"K™") [GeV/e?]

— y(3770) — D* D

)('30(3930) - D' D
162(3930) - D' D
v (4040) — D* D™
w(4160) — D* D™
y(4415) — D* D™
X,(2900) — DK~

- X,(2900) - DK*

=
I'=110+11 £ 4 MeV

Nonresonant

57 =12 =4 MeV
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Open-charm tetra quarks

Observation of T,; states decay into D} rr®
PRL 131 (2023) 041902
LHChH

PRD 108 (2023) 012017

B’ - D°D}rz~ Bt —» D D}zt

%100_ IIIIIIIIIIIIIIIIIIIII % o — Iotalfit
S LHCb ] S, LHCb —— D, (2460) D,
T L O x| o —— D (2600) D?
S | S 60 I —— D} (2750) D}
fw { : I | D} (2760) D;*
2 ol | | ] g 1 L I D(3000) Dyt
© } i ] © | I D*(2010)~ D
20 ' 00 - . ] —— T9,(2900) D
i, e M L™ ] —— D S-wave D}
T Y éfeﬂ? EET T IEY e R T I TR T R Y + Data
MDD 7~) (GeV) MDD 7*) (GeV) Background

T%,(2900)° -» D~ & T%,(2900)*" - DI m* significance > 90
J¥ = 0" favored over other spin-parity by more than 7.50

M = 2908 = 0.011 = 0.020 GeV
['=0.136 £ 0.023 = 0.011 GeV

Flavor partner of T,.,(2900)? Multiplets to be revealed in the future

{ssuming Isospin symmetb

=>joint amplitude analysis

Fg I L L L] Ll Ll Ll I L] L] Ll I Ll
= B +  Breit-Wigner of 7%5,(2900) T
= 04 F LHCb +  Start point (m=2.708 GeV) —
g 9 fb_] L . Spline lineshape
<
— R
O =
t 1] s ..
< - ‘e —
5 02 _ )
> - ok
g | . .
= :
1) S : ]
< .
E 00 _
o L
- - '...- -
i At -
02 F —
I L L L 1 1 I L I

-0.2 0.0 0.2 04
Real part of amplitude

Isospin triplet?

T, (2900)"

Te (2900)F 2

cs0

\\ T2 (2900) /
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Light QCD exotics



Light QCD exotics

* Strong evidences for multi-quark in heavy quark sector

* However, evidence for gluonic excitations remains sparse
* Light Flavor-exotic hard to establish

* Assignment of some SU(3);.,., | 4q ) nonets difficult

* Role of gluons:
* Gluons mediate the strong force
* Hadron constituent: Mass? Quantum numbers? ...
* Gluons’ unique self-interacting property
- New form of matter: glueballs, hybrids

* Gluonic Excitations provide measurements of the QCD potential

[Critical to confinement and mass dynamical generation




Glueballs

* Low-lying glueballs with ordinary J*¢ = mixing with qq
> Observe a-hewpeak

»Challenge: reveal the exotic admixture

* Scalar glueball is expected to have a large productionin J /U
radiative decays: B(J/¥ — yGy4) = 3.8(9) x 1073 by LQCD

* Observed B(J/¥ — vfp(1710)) is x10 larger than f,(1500)
»BESIII: f3(1710) largely overlapped with scalar glueball

BESIII PRD 87 092009 (2013), PRD 92 052003 (2015), PRD 98 072003 (2018)

Phenomenology studies of coupled channel with BESIII data
PLB 816, 136227 (2021), EPJC 82, 80 (2022) [BES||| data]

18000

" E .

;‘i o000 - By G- analysis] # - J/Y = yG (= )
o 1200 E-JPAC analysis] T T

5 000 E- LF T P

;:.2 Eﬁ EZ # ‘:;_._.-'om Tl —re Solution 1
- 2000 :— oﬁvdi‘ Bttt ‘5'--'1_;_“ Solution 2

0

15 2 55 3
Mass(x%?) [GeV/c?)

LQCD prediction of glueball spectrum

mass spectrum of glueballs

12 a— 1°
. =
37— % e—
8
- 2 _1 " — 3 SH
s . S
L g 5 _0 — E‘p
12
4} 0F e—
11
2
PRD 73 (2006) 014516
0 ++ -+ - 0

J/b = vfe(1500)  J/ - yfo(1710)

vKK

—teH to—

B(J/v — vfo(1500)) ~ 0.29 x 1073

ym  B(J/¢ — 7fo(1710)) ~ 2.2 x 1073,

+—e— F——to——

YT
—e—i —e—i

Natl. Sci. Rev. 8, no|.1 1, nwab198 (2021) |

1 10 10
Branching fractions (107°)



f5(1800) a,(1817)

B, — J/Yf, is selective for ss

PLB 797 (2019) 134789
More scalars o LB TrEo19)194rey PRD105, L051103 (2022)
> LHCb e £(980) ]
G) —e— Data and fit — £ (1500) - + 0 0_+ Besm
? 2 3 ;.'(1790) n DS — KsKsﬂ-
£,(1710)/£,(1790) ; = 1 i
>20005|a‘"'\+"_"""""\""""HHHH" ; r — £(1525) E &;\60_
% 1500 - wem - % 102 / \ "o h - S| —— Data \
g 1000 ¢ o P e 0 MG 2 .0 (@) — Total fit
3 2gg T e W )/ |\i T s KiK'(892)" *
o, 200 T e 10 b AT PN - = [ - S(1710)m* |
g 150 ¢ Iliiul ‘ // \ \\ E é 20+ e
g 100 ; 'l‘ - : ] I Ao
S 500 0.5 1 1.5 2 1 1.2 14 1.6 1.8
2w My [GeV] M0 (GeVic?)
S 200 ¢ PRD 87, 032008(2013) o
i 00t 250 e PRL129, 182001 (2022)
> ' —— Project (a) D" —K%K"*n’
3 a0 Bl e S BESIT
8 00 -NU 200 i 4 s £ 0{2020) = r — p '
g "0 3 . | e 12(1950) v @ kK92 |
w : — — n(2225) I * .
4000 Fr- g 150 - F;hasejspace % 100 F Kglj*(SQZ) 0
g - o Background E - —- KK (1410)
] I B TV A~ S I + 0
wK*K~ < Peakaround 1700 MeV/c? S 100} S 80T
— - i ™~ 50+ — a,(1817)'x
(OZI rule: nn structure) o I 2
W s50F | i
ontr~ - Enhancementat 1790 MeVic2 /¥ — yog (DOZI) r I OWE, |
. ¥ 1 12 14 16 18

oKTK~ < No peak around 1700 MeV/c? 2 2.5 3 M. (GeVie?)
M(K'Kt*n n%)(GeV/c?d) -



«e

. . . = e
Light hadrons with exotic quantum numbers %ML
- . B Hybrids @A@ qﬁg)
* Unambiguous signature for exotics 1A L; 2 Clucballs € <q)
* Light Flavor-exotic hard to establish MUl o6 o—e 2)
» Efforts concentrate on Spin-exotic oS ST quarks +
* Forbidden for qq: S '

2.5

JP¢ =07, even™,0dd " i/r*a\

AAAAAAAAAAAAAAAAAAAAAAAA

Ll | A
0.75 1.00 1.25 1.50 1.75 2.00

* Only 3 candidates so far: All 1~ isovectors 5 ot B
* 1'[1(14-00) :seeninnm : 3 5_ :
* 1;(1600) : seenin pm, n'm, by m, ;1 : i e
* 1, (2015) (needs confirmation): seen in s e T3
b,m, and f;m —

* 1,(1400) & m;(1600) can be explained as
one pole, according to recent analyses

Width (GeV)

I

"*IIIIIII|lIIIIIIIIIIIIIIIIIIIIIIIIIIII

o 3
014
0116
0118
12 ey TS TS TR T
1 1 1
13 14 15

®:(1600) ™~ =1""* 25

Mass (GeV)



m/ MeV

3000

2500

2000

1500 +

Hybrid from LQCD

1000 + o

500

_—
— ]
- — - [
==
-+
- 4= 4
- r
]
— -_— -
o — - —
| — 37—
— _

|

—
|
|

[ |
—
— = ™ = -
- -
gt+ AT g =
=
1—+
2++

exotic
-
-
-
ot- 277

my = 392 MeV

24% x 198
4

f s
isoscalar B

isovector |

PRD 88 094505(2013)

Lightest spin-exotic state: 1~

T/ MeV

600

200

30 f1(1285)7

20

p
i/
W
10 F1(1420)%
K*K
nw

1500 1550 1600 1650 mpg [ MeV

PRD 103, 054502(2021)

Decay width of 1~ hybrid
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1~ Hybrids

m [5(JP9)=1"17%)

* Isoscalar 1~ 7 is critical to establish the \
hybrid nonet

™~

Ky 160P)= > (17)

* Can be produced in the gluon-rich B
: N 1079 =0"(17)
charmonium decays n, 15J°9H=0t(171)

 Can decay to 11’ in P-wave

PRD 83,014021 (2011), PRD 83,014006 (2011), EPJ.P 135, 945(2020) &w

JAp
- Search forn; (1~ ") inJ/¥ - ynn' c

[(Jly - yH) ~ O(aa))
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Observation of An Exotic 1~ ¥ Isoscalar State n1(1855)

PRL 129 192002(2022) , PRD 106 072012(2022)

* Anisoscalar 17, 14(1855), has been

© 40
observed in ]/ —» ynn' (>190) > (Y%
M = (1855 4+ 9%%) MeV/c?, T = (188 + 18%3) MeV/c? E without 17, (1855)
BU/¢ — yn:(1855) > ym') = (270 £ 0.41783¢) x 1076 % 29 |
* Mass consistent with hybrid on LQCD 2 -
= Vil
* Inspired many interpretations: E} o :
Hybrid/KK,Molecule/Tetraquark? e
 Further more, suppression of f;(1710) — nn’ supports M(m')(GeVic?)

f,(1710) has a large overlap with glueball

Opens a new direction to completing the picture of spin-exotics ..



Synergies in new era of precision spectroscopy

* From serendipitous discoveries of new states to the systematic study of spectral
properties and patterns

* High statistics=> emergence of new properties/phenomena

e Test QCD with various probes

Heavy <€ > Light
: i GL%CH_AS]Q
“E’ .................................................................... g ———
o
: Cfanda )00




summary

* Understanding how hadron spectroscopy are emerged from QCD
remains a key question in fundamental physics, which requires

* Both heavy and light sectors
 Complementary experimental information

* Lots of progress in the experimental study of hadron spectroscopy
* More results to come and lots of opportunities and challenges ahead

* Joint experimental-theoretical efforts needed to understand the
hadron spectroscopy and the strong interaction

Thank you for your attention
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Tensor glueball candidate

T(J/9 — ¥Gyr) = 1.01(22)keV

F(J/w — 7G2+)/I‘tot =1.1 X 10_2
CLQOCD, Phys. Rev. Lett. 111, 091601 (2013)

Experimental results

Br(J/w - vf;(2340) > ynm) = (3.879¢2*337) x 107°
BESIII PRD 87,092009 (2013)

Br(J/y — yf,(2340) - ydd) = (1.91 + 0.147572) x 1074
BESIII PRD 93, 112011 (2016)

Br(J/¥ - yf,(2340) > yK(K,) = (5.541333133%) x 1075
BESIII PRD 98,072003 (2018)

Br(J/y — yf;(2340) - yn'n’) = (8.67 £ 0.70191%) x 10°
BESIII PRD 105,072002 (2022)

BESII ] /U — ydbd with 1.3B /P

NUZSOC' ) # 0 model independent

—_ L e 0" model dependent

©2000 T o o e

= ’ LY 2" model independent

ﬁ1 500 ; ’!;+_- == 2" mrded dependent

B $ K

210008 o,

‘E | :h:-'l': hy .

U 500 : if . Hres
0 otvynie Syt vts raa T
2 2.2 24 2.6
(f) M(00) (GeV/c?)

f,(2010), f,(2300) and f,(2340) stated in T p
reactions are observed with a strong production of
f,(2340)

Consist with WA102@CERN

It is desirable to search for more decay modes



Observation of An Isoscalar 1~ State n,(1855) in J/{ — ym]

* Angular distribution as a function of M(nn")
expressed model-independently

= z w; Y (cos@,i,)
» Related to the spin-0(S), spin-1(P), spin-2(D)
amplitudes in M’ by:
VAT (Y)) = S0+ B + PP + D + D} + D3,

2
/—E<S’,10> = 250 cos Op, + 2P, Dy COS((QPO — le)o) + \/§P1D1 C‘OS(OPI — C)Dl))T

ﬁ(

Viar(Yy) = f(mﬂ — TP+ 10D +5D37 — 10D3) + 2S5 Dg cos dp,,
Var (YD) = \F(\/EPODO cos(dp, — dp,) — PLD cos(ép, — op,)).
D)

\/_@4): (6D — 4D} + D3).
» Narrow structure in (¥;)
» Cannot be described by resonances in yn(n’)
* 111(1855) - N’ needed

100

Weight sum/(10 MeV/c?)

4 Data-Sideband
- PWA fit projection (baseline fit)
Alternative fit without 14

Weight sum/(10 MeV/c?)

o

Weight sum/(10 MeV/c?)

Weight sum/(10 MeV/c?)

%]
o

o

15 2 2. 3
M(Ym’)(Geﬁ)



Lineshape parameterization

[C. Hanhart, PRD 81, 094028 (2010)]

dBr(D°DO7"° 1 Kk.ec(E
( 7T)=B 9% eff(E)

dE 2" |D(E)|?
dBr(n*n~]/Y) _ B 1 Dotp
dE 2" |D(E)|?

x Br(D*® - D)

1 l
D(E)=E —Ex + 59 (Kerr(E) + ikegr(E) +ree (B) + ikee(E)) + > To

kere(E) = \/H_p\/\/(E —Eg)*+T?/4+E — Ep
Kerr(E) = —\/H_p\/\/(E —Eg)* +T?/4 - E + Ep

+,/.Up\/\/(EX — Eg)? + T /4 — Ex + Eg

o = Fn+n‘]/1/) + Tknown + Tunknown
Exy = My — (mpo + mpo + m0)
B: the global normalization

= superscript ¢: charged D**D~

* Due to the limited statistics, Nynknown /Tt is fixed
[Chunhua Li, Chang-Zheng Yuan, PRD 100(2019) 094003]

Key features:

* Model independent

e Including the D*D self energy terms
 Including the width of D*

* Including the coupled channel effect
* Fitparameters: g, [;+,-;/y Mx

The effective range expansion

[S. Weinberg, Phys. Rev. 137, B672 (1965)] Z: field renormalization constant

20 -2)1 * Z = 0: pure bound (composite) state
a=-— W_ +0(B™Y) * Z = 1: pure elementary state
7 1]/ 1=~ mi =~ 1.4 fm, for both deuteron and the X(3872)
r,=————4+0(p" u
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[S. Wemnberg, Phys. Rev. 137, B672 (1965)] Z: field renormalization constant
* Z = 0: pure bound (composite) state

2(1-2)1

_ _ ~+0(™ * Z = 1: pure elementary state
(2 EZ)ly 1x mi ~ 1.4 fm, for both deuteron and the X(3872)
___~ = -1 d
Te = 1—Z)/+O(ﬁ ) Yy = ZuEb
X472
Nearby threshold D*°D° pn
a —16.5t277'% i_z‘;)g fm -541 fm Different sign, may suggest an
40 9 428 ' elementary cc core
Te —4.1533 7575 fm 1.75 fm [A. Esposito PRD 105, L031503]
Range correction negligible important for r, = Close to 0 but can not be solved
7 ~ 0.18 ) model-independently

due to the range correction

Effective Range Expansion =» scattering length a and effective range r,
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Observation of Y (10753) — WXp]

Belle II, 1.6 fb"
\s = 10.701 GeV

Belle Il, 1.6 " ]
is = 10.701 GeV

5] w
=] =i
I

=

Events / (10 MeV/c?)

R (=2 @ o
T ™

N

- —a— Data

—— Total fit

| —— Background
.

T
: Jbﬂ
LWL R e e e R o

Belle Il, 9.8 fb”
is = 10.745 GeV

Belle Il, 4.7 fb™
\'s = 10.805 GeV

N } |

e

>
r{\) ey

~%- Data
= Total fit

— Background

1 1 i 0
Belle I, 9.8 fb™ ]
Vs = 10.745 GeV ]

=0
Belle Il, 4.7 fb™ |
I's = 10.805 GeV -|

110

9.8 9.85 9.9 9.95

M(yY(1S)) [GeV/c?]

Ll

0.8 09

M(rn ) [GeVIc?]

ll'b!r

o(e’e—wy, ) (pb)

-8 Belle |l data
= Belle data
— Total fit
===+ Splution |
-+~ Solution Il

Belle II, 1.6, 9.8, and 4.7 fb"

By 29
) e

w

o(e'e—wy, ) (pb)

s (GeV)

i B
10.7

1.-=-:'r'r'."". 1 HEST
10.75 10.8 10.85

'y

w

o

[PRL 130, 091902 (2023)]

Channel /s (GeV) N®&
efe” = wxp 10701  0.055;
ete™ = wxm 0.0555
ete” — WX b2 0.1‘_"%:%
ete” — wxp 10.745 3.0f3j?
eTe — WXb1 68.91’13‘_;
ete” — wxp 27.6715°5
ete”™ = wxp 10.805  3.6757
ete™ — wxp 15.0ig;§
ete” — WX b2 3.3t3;§

rog(ete”™ = wyp1)/og(e™e™ = wyps)
= 1.3+ 0.6 at \/E = 10.745 GeV

v'Contradicts expectation of pure D-wave of 15
v'1.8 o difference to S-D mixture of 0.2

»Y(10753) = wyp; &Y (10860) - Y (nS)nn
are different states
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X(3960)=X(3930)? X(3960)=X(3915)?

Is X(3960) the same as y0(3930) from D*D~? Is X(3960) the same as Y0(3915)?
B+ s (DF D) K* by LHCb: B+ s (D*D~)K* by LHCb: vy — J/tw by Belle:
oLVl N A B B b ~ 10 T = |
% ey 4 Dat : T LHCh ] s [Belle, PRD 86 (2012) 072002]
240 - B ot —— Total fit h = 1201 ] — [
> F —— X(3960) ] S F (a) 7 © 20—
S C " X()_(4]40) . c 100:— | _: E E
g30r | e ] = wof [}HCb, PRD102 (2020) 112003 5 5[
% 0 E_ II. ‘ I;Eonl-lrc.son?nt DiD; E} 60;— :— _; % ] UE_
_ | preliminary = C ] e C
S \ = = 2 [
“ 0L 'H } . RN E s 5F
SR TR M L © ] : ’
0 - - = 11 L. 0 — == ' = L ot I T I I P A
40 42 44 46 48 4 45 . 38 385 39 395 4 405 41 415 42
m(D D) [GeV] m(D"D") [GeV/c?] m(J/yo) (GeVic?)
M [MeV] I [MeV] JPe
X(3960) 3955+ 6+ 12 48 +17 £ 10
O++
Yeo(3930) 3924 + 2 17 +5

»Same particle?

FF: Fit fraction
(X - D*D7) B(BY - D*D K¥)XFF5,

-D*D"K*
= =0.29 4+ 0.09 + 0.10 + 0.08
[(X - DfD7)  B(B* > DDy KIXFFX, | +p-p+ ST

v'Creation of s5 from vacuum is suppressed wrt uii or dd
v'X = DFD; has smaller phase-space factor than X - DTD~

= X has an exotic nature! Candidate for ccss
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+ +p- K+
LHCb-PAPER-2022-026 ; LHCb-PAPER-2022-027 PRD 102, 112003 (20200 BT = D'D™K

g
T

Candidates/0.014 GeV

é T sk q v(3770) > D' D
wl gw' % 70E LHCh R xca{‘ggsg} DD
el > 3 1,,(3930) 5 D' D0
wf 2 = sof y(4040) - D' D
ol 8% < wf i — — - y(4160) D' D
ol sl g W0f 3 w(4415) - D* D"
3 0F + A X,(2900) - D K*
: oo LT : R . 4 AR DK
M(D; 7-) GeV MD; ) Gev Y ;'r e TN 3 X:(2900) ~ DK
J— [Ge\;k . 33 e Nonresonant
20(2900)°[csud)| 20(2900)**[csud]| .
fes fes X0(2900), X1(2900)[csud]
Mass (GeV) Width (GeV) I
T%,(2900)° & T%,(2900)** 2908 + 0.011 + 0.020 0.136 + 0.023 + 0.020 ot
X0(2900)/T:50(2900) 2.866 + 0.007 +0.002 0.057 + 0.012 + 0.004 ot
X1(2900)/T:51(2900) 2.904 + 0.005+0.001 0.110+ 0.011 + 0.004 1~

+0(2900) v.s. X((2900)

v" Similar mass, but width and flavor contents are different.

v Ti1(2900)? * no isospin relation: [csud] v.s. [csud]

V' T&o(2900)* —» DTK™? «  U-spin relation: [csud] v.s. [cdus]

v T, (2900)* = DI, Dintn=? |* Te50(2900) mass and width larger
than T ..o (2900)




