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. REFZ-BRELZBEOERAL, AERHE,
T AR EAR, B, s, KBRS
2, SR LSS, RFAREEIAL,

e"q! CTq;, , where CT = Cr;, C, Cy,y5, Cy, and
Co,, (or Coy,,ys) for the scalar (S), pseudoscalar

(P) vector (V) axialvector (A) and tensor (1) di-
quarks, respectively, the 7, 7, k£ are color indexes.

The tensor diquarks have both J* = 17 and 1~ com-
ponents, we project out them explicitly, and denote

the corresponding ./ P'— 1% and 1~ diquarks as A and
V', respectively.
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qI'q", where ' =1, 45, v, 7,75 and o,
S FRERR-BERERAEBNRENSITI,
— K . §(x)lc(x)e(z)Vq (z)



FHR K 2K

I Fre R (SR A RE) @B (1),

[(p?) = i / a0 { (@)1 0) Loy, (1)

MR FARGE, FBREDRSHIETF, FIESR
%3EF, AIRBEARET, wBREsTEESRTE
1EF- TR —TIRT, BB ETBTTR—T
Azesd, NGB —RE 910 83T, LA
SRAUR I B B 28 S 29 | OB EL A 5B 3R



RS RIRIG, BIEBRMAR, BASE
TR R Y R T

(p*) = l/:O dSImH(S) +l/00 dsImH(S) (2)

,  s—p> s —p>’
mQ \ 0 J/

_J/ =

\

S)RZEBRRIATASE, BHT—IDMAIRRITH, FH—
I YZE R R E IR TIAK,

BAGRR JWAEILANRIGM, BPEAEY108y%E
B OGRS THRARNLD I YA,

’

BAATTAK, BPABASRIBIBTAK, R29(40—60)%, =&
TBAFH0N, HKEARRYE,




HEIRT R, FRIRFIEEBEHFTLABS A ;

1 Imll 1 Imll
H(p2):—/ dsmH<>+—/ dsmH<>,
4m? S0

2 2

708 S—pP ZT 8—pJ
A2 1 ImTTy(s)
= | d 3
M%—p2+zr/30 s s—p (3)

V

where (0].J(0)| Z.(p)) = Az.
SRR T-B T TH

2
A7 B l/ dSImH( ) @
4m?

2
S_
2 p




XA IR I

M 0 Imll(s) S
Moexp [~ 22 ) = / d (——) 5
Zexp( T2> . S - exp T (5)

maq

SHZAR S E 2K

. 4‘222 dsImll(s) exp (—s7)

= ——— 1. (6
4%édSImH<S)GXp(—ST) ‘T_TQ (©)

2
Z




3 QCDK Fom nj b =AY 2 3R

The correlation functions I1(p?) do not depend on the energy scale y,
that 1s
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due to the following two reasons inherited from the QCD sum rules:
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We perform the Borel transformation with respect to the variable P? =
—p? and obtain
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Now the QCD sum rules have two typical energy scales yQ and Ti,

where the T2 is the Borel parameter. The integrals in Eq.(9) are sensitive
to the heavy quark masses my.
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where the 7 1s color index, the A\ 1s Gell-Mann matrix.



Then

DZQ + D_,Q — 33 — type tetraquark states,
q7Q + Qq — 11 — type tetraquark states,
gAN'Q 4+ Q\'q — 88 — type tetraquark states, (14)

the two heavy quarks Q) and () stabilize the four-quark systems ¢q’'QQ.
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The heavy four-quark systems are characterized by the effective heavy
quark masses Mg (or constituent quark masses) and the virtuality 1/ =

\/ X/v/z (2M)?, where the X /Y /Z denote the four-quark systems
79 QQ.
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The vacuum condensates are taken to be the standard values (Gq) =
—(0.24 + 0.01GeV)3, (55) = (0.8 + 0.1)(qq), (Ggs0Gq) = md(qq),
(39s0Gs) = m3(ss), m§ = (0.8 & 0.1) GeV?, (255) = (0.33GeV)? at
the energy scale y = 1 GeV.
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We take the MS masses m.(m.) = (1.275%0.025) GeV,
my(my) = (4.18 + 0.03) GeV and m (1 = 2 GeV) = (0.095 =+ 0.005) GeV

from the Particle Data Group, and take into account the energy-scale

dependence of the M S masses from the renormalization group equa-
tion,

(1) ]

mq(p) = mo(mg) [&SWQ)

mln) = m(2GeV) | S

as(2GeV
1 bilogt bl(log”t —logt — 1) + byby
; - — |1 === . (17
(k) bot[ AT bt 0



4 REpF-amaAeysTak, QCDK
Fo L N &Y T 15 B Ja R

PR BRIA-BRRIABEOSIMER, (1),
1

da) = s [a@)imel)e()d(e) + 0(e)e(w)a)ind(z) 18

FLAITIRBEIK, ERTFER, BT

Ju(z) =

! fDm% 0 *— *0) —
/2 m, fpmp- [D (z)D;, (z) + D, (z)D (@]

L fomb o rpo0ia. D 0, D%(z) D~
/2 m. /D, [ ()i 1o (z) +1 [ 0(5’3) (37)}
Ag (@) + - (19)

NP TREH, J (1) AR EMREB R FHE, TLSAHF
AL FT A

b



AR EH, EBRFER, NTFTHTMHK, TSRS FT
AR —HBREY B, XA BR ST AL, o LA SR AR R
BN\, BT, AT,

ERFTAARPE . LA T-3F ey BT, RASTFH R R Fo N Sk
WERARZAITTHK, FTAFRARKFMN, (Phys.Rev. D101 (2020)
074011)

SRR R B A (arXiv:2102.07520), RENFELSE R, BHE
TG HIR(r), HUTAREER, (v), BTWHE R TFE—2ET1
B, BARARNT, BEOQIHESRIEI—~TER, TS HiA
G, HITHMBIKET,

Iife) = <SH2L fmp (D)D) (@) + D) D] (4
1 fpm2

+\@ mchDo [D()(f’?)iauDo_(x) +i0MD8(x)D_(x)} (%)
+Az2Zc () (V) + - (20)



5 QCD3K Fam W 33 R & 3 -J1 R
SR B S R RBTEIEITHAE

wWhsmEIEN, JIV, WRRBIK, QCDy##
hﬁﬂc%(ﬁﬁﬁﬂc’h’""t) HE S, R A TT
AR, SR ESR R TTAK

H ARG RIWEWIRICTEHLAZRTIAX, Y, 78T
BT REFAIN zl%'—;'-%’lif 3%,



e Phys.Rev.D102(2020)014018 (E & 42-F)

Z(X,) JPC T GeV?) | /50(GeV) | u(GeV) pole |D(10)|
[uc]s[dc]s 0T+ | 27—3.1 |440£0.10| 1.3 |(40—-63)%| <1%

[uc) aldc] a 0¥t | 28—-32 [4524+0.10| 15 |(40-63)%| <1%

[uc] 5[dc] 5 0+ | 31-35|455+£010| 1.6 |(42-62)%| <1%

[uc]y [dc]y 07+ | 3.7—4.1 5224010 29 |(41-60)%| < 1%
[ucly[dcly 0"t ] 49—-57 [590£0.10| 39 |(4l-61)%| <1%

[uc] pldc|p 0+ | 52—-6.0 |6.03£0.10| 4.1 |(40—-60)%| < 1%
[uc)sldc]a — [uc]alde]s | 177 | 2.7 —3.1 |4.404£0.10| 14 |(40-63)%| < 1%
[uc] aldc] 4 1t~ ] 3.3—-37[460£0.10| 1.7 |(40—-59% | < 1%
uclglde] 7 — [ud) zldcls | 177 | 3.3 —=3.7 [4.60£0.10| 1.7 |(40-59)% | < 1%
uc] zldc]a — [uclalde] 7 | 177 | 32-3.6 |4.60+£0.10| 1.7 |(41-61)%| < 1%
ludgldely + [uclv[de]y | 177 | 3.7—4.1 |525+£0.10| 29 |(41-60)%| < 1%
[uc]y [dc]y 1t~ | 5.1 —-59 [6.00£0.10| 41 |(41—-60)%| < 1%
[uc]p[dcly + [ucly[ddp | 17~ | 5.1 —-59 |6.00£0.10| 41 |(41—-60)%| < 1%
[uc)sldc]a + [ucalde]s | 17| 2.7—-3.1 [440£0.10| 1.4 |(40—-62)%| < 1%
lud)s[de] 5 + [uc] zldc]s | 17 | 3.3—3.7 [4.60£0.10| 1.7 |(40—-59)% | < 1%
[uclgldely — [ucly(de]y | 177 | 2.8 -3.2 |4.62+0.10| 1.8 |(40-63)%| < 2%
luc] zldcla + [uclalde] 7 | 171 | 46 —5.3 |5.73+£0.10| 3.7 |(40-60)% | < 1%
[uc]pldc]y — [uc]y|ddp | 177 | 5.1 —59 | 6.00+0.10| 4.1 |(40—-60)% | <« 1%
[uc] a[dc] 4 27+ 133 —-3.7 [465+£010| 1.8 |(40—-60)%| <1%

[uc]y [de]y 27+ 1 5.0-58 |595+£0.10| 4.0 |(40-60)%| < 1%




e Phys.Rev. D102 (2020) 014018 ; Chin.Phys. C44 (2020) 063105

Z/(X,) JPC ] Mz (GeV) | Assignments Z! (X))
[uc]s[dc]s 07" 3.8840.09| ?X(3860)
[uc] a[dc| a 07 13.954+0.09| ?X(3915)
[uc] 5ldc] 4 0™+ | 3.98 4 0.08
[uc]y [dc]y 0™ | 4.65 4 0.09
[ucy[dcly 0T+ | 5.35 4 0.09
[uc] p[dc]p 0™+ | 5.49 & 0.09
[uc]sldc]a — [ud] 177 13.90+£0.08 |  ?2.(3900) |?Z.(4430)
[uc] 4[dc] 4 17~ [ 4.02 £ 0.09 | ? Z,(4020/4055) | ? Z.(4600)
uclslde] 7 — [uc] zlde]s | 177 | 4.01 £ 0.09 | ? Z.(4020,/4055) | ? Z.(4600)
uc] gldcla — [uc]aldc] 7 | 177 | 4.02+0.09 | ? Z.(4020/4055) | ? Z.(4600)
[uc)s:[delyv + [uc]y[dc]y | 177 | 4.66 £ 0.10 ? Z.(4600)
[uc]y [dc]y 17~ | 5.46 +0.09
[uc]pldc]y + [uc]y|dc]p | 11~ | 5.45 £ 0.09
[uc]s[dc]a + [uc]aldc]s | 17+ [3.91 £0.08| ?X(3872)
[ucls[de] ; + [uc] 7[dc]s | 177 [ 4.02£0.09 |  ?Z,(4050)
[uc][dc]y — [uc]y[dc] | 177 | 4.08 £0.09 ? Z.(4050)
[uc] zldc]a + [uc]aldc] 7 | 17 | 5.19 4 0.09
[uc]pldc]y — [ucly[de]lp | 177 | 5.46 £ 0.09
[uc] 4]dc] 4 2t 14.084+0.09| ?2.(4050)
[uc]y[de]y 27+ | 5.40 & 0.09




e Phys.Rev. D102 (2020) 014018

Z(X,) JPC| Myz(GeV) | Assignments | 7’ (X])
[uc] a[dc] 4 07+ | 3.954+0.09 | ?X(3915) | ?x.0(4475)
[uc] 5ldc] 5 0t | 3.98 4+ 0.08 ? Xe0(4475)
[uc]y [dc]y 0 | 4.65 4 0.09 | 72 x0(4710)
[uc] aldc)a 17~ 14.02+£0.09| ?h.(4000)
[ucls[de] 7 — [uc] 7ldc]s | 177 | 4.01£0.09 | ?h.(4000)
luc] 7ldcla — [uc]aldc] ;| 177 | 4.024+0.09 | ?h.(4000)
luclslde] 5 + [uc] 5ldc]s | 17 | 4.02 £ 0.09 | ? x.1(4010)
[uc]g[dc]y — [uc]y[dc]s | 177 | 4.08+£0.09 | ? Z,(4050) | ? x.1(4650)
FIAPRD&E £, #ZBLHCb##2-F arXiv:2406.03156 [hep-ex]

arXiv:2407.124°75 [hep-ex|




e Chin.Phys.C45 (2021) 073107 ; 2 -FSU(3)sd Fritk 5% 5k 3% 78 5%
#% ; Chin.Phys.C46 (2022) 123106

Z(X,) JEC | Mz(GeV) | Assignments

()

ucls[scls 0+ 13.97£0.09
|ucls(sd]

[UC}A[%]A 0"+ 14.04 +0.09
[UC}A[R]A 0t | 4.07 4+ 0.08
[UC]V[Q]V O++ 4.74 £ 0.09
[UC]V[%]V 0Tt | 5.44 + 0.09
uc|p|sc|p 0t | 5.58 +0.09
[uc]p[sc]

[5dg | 17 |4.10 £0.09 | ? Z,,(4123
5 177 1411 40.09 4(4123
[5d | 17 | 475+ 0.10

luc]y[sdv 1t | 5.55 + 0.09
[5elp | 17 | 5.54 £ 0.09

[uc)s[scla — [uc]alsels | 177 [3.994+0.09 | ? ZCS(3985)
[uc] 4[5¢) 4 1+= | 411 £0.00 | 2 Z,,(4123)

sc )

? Z(, )

[sclv + |uc]y
[uc]s[sel4 + [uclafscls | 177 [3.99£0.09 | ?Z,(3985)
[uc]s[3e] 7 + [uc] z[5e)s | 177 | 4.11 £0.09 | ? Z.5(4123)
lud 3¢y — [uclv[sels | 17 | 4.17 £ 0.09
lud] 5[5€)a + [uclafsd 7 | 17 | 5.28 £ 0.09
[uc]p[se]y — [ucly[se]p | 17T | 5.55 £ 0.09

[uc a[574 o+ [4.17 £ 0.09
[ iy 27+ | 5.49 + 0.09




e arX1v:2407.08759[hep-ph] (B4R & HF £

AR ALT)

X, JPC I T GeV?) | /50(GeV) | u(GeV) pole | D(10)|
[scls[sels | 0T | 3.1 —3.5 |4.65+0.10 1.4 (40 —61)% | < 1%
[sc]a[sc]a | 07T | 3.1 —3.5 | 4.70 £ 0.10 1.5 (39 —60)% | < 1%
[sc]4[5¢]; | 07 | 3.4 —3.9 [4.75+£0.10 1.6 (39 -61)% | < 1%
[sc]y[se]ly | 0FF | 4.0 —4.5 | 5.40+0.10 2.8 (41 — 60)% | < 1%
[scly[sely | 07| 5.2—-6.1 |6.05+0.10 3.7 (40 —61)% | < 1%
[sc]p[sclp | 07T | 52—6.1 |6.10+0.10 3.8 (40 —61)% | < 1%
[sc]g[sc]s* | 07T | 2.8 —3.2 |4.50 £ 0.10 1.3 (39 -61)% | < 1%
sc|a[Fela* | 0FF | 27— 3.1 |455+0.10| 1.3 |(39—62)%| <1%
[sc] 4[5¢] 1* | 0FF | 3.0—3.5 | 4.60 £ 0.10 1.4 (39 -62)% | < 1%
[scly[sely* | 0FF | 3.6 —4.1 | 5.25+0.10 2.6 (40 —62)% | < 1%
sclp[3ely™ | 077 | 47—5.4 |5.864+0.10| 35 | (41—60)% | < 1%
[sc]p[sc]p* | 07T | 4.8 —5.6 |5.95+0.10 3.7 (40 —61)% | < 1%

IR 2SS, 1SE2SAEBREFLENF0.60GeV

RS
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e arXiv:2407.08759[hep-ph] (P2 2R b2 & HF B K 4L-F-)

X, JPC I T GeV?) | /50(GeV) | u(GeV) pole |D(10)|

[sc]s[scla — [sc]alsels [ 177 | 3.2—-3.7 [4.70+£0.10| 1.5 39—-61)% | < 1%

[scla[5¢]a 1t~ 1 3.4—-38 |476+0.10| 1.6 41 -60)% | < 1%
[SC]S[Q]JE — [SC]E[Q]S 177 1 3.4 -39 |4.76 £ 0.10 1.6 39 —-61)% | <« 1%
[SC]Z[%}A — [SC]A[Q]E 17~ |1 34—-38 |4.76+0.10 1.6 40 - 60)% | < 1%
[SC}V[%]V + [SC]V[Q]V/ 17~ | 4.0 —-4.5 | 5.40+£0.10 2.8 40 — 60)% | < 1%

(

( )
( )
( )
( )

[scly [5elv 1t- | 54—6.3 [6.16+0.10| 38 |(4l—61)% | < 1%
[sclp[sely + [sdv[selp | 177 | 46 —5.3 |570+£0.10| 3.2 |(41—60)% | < 1%
[sc|s[Sela + [sclalsds | 177 | 32—36 |470£0.10| 15 |(4l—61)%| < 1%
[scls[sd 1 + [sclz[5ds | 17| 3.4—3.9 |476+£0.10| 1.6 |(39—60)%| < 1%
sl [3ev — [sdv[sely | 171 | 32—-3.6 [4864+0.10| 1.9 |(40—61)%| < 1%
[sc]3[5¢)a + [scalsd] 7 | 171 | 49 -5.8 15934010 3.5 |(39—601)%| < 1%
[sclp[sey — [scv[selp | 177 | 46 —5.4 |570£0.10| 3.2 | (39—61)% | < 1%

[scla[5ela 27 [ 35—-40 [482+0.10| 18 |(40—60)% | < 1%

[scly [5elv 27+ | 51-6.0 [6.05+0.10| 3.7 |(40—61)%| < 1%




e arX1v:2407.08759 [hep-ph] (FR4R 25 HF AR X 4LTF-)

Xe JPC | Mx(GeV) | Assignments X!

[SC]S[§]5 0t [ 4.08 £ 0.09

[sc]a[s¢]a 0"+ [4.13 £ 0.09 ? X (4700)
[SC}A[%]A 0+ |4.16 + 0.09 ? X (4700)
[SC]V[Q]V 0t [4.82 £ 0.09

[SC]V[Q]V 0+ | 5.46 £ 0.10

[SC]p[%]p O++ 5.54 £0.10

[SC]S[Q]S* 0+ 13.99+0.09 ? X(3960) ? X(4500)
[SC}A[Q}A* 0"+ |4.04 & 0.09

[SC]A[Q}A* 0t [ 4.08 £ 0.08

[SC]V[Q]V* 0+ 1470£0.09| ? X(4700>

[SC]V[E]V* 0+ [5.37+0.11

[SC]p[S_]p* 0++ 547 £ 0.11

R 25, 1SE52SHEREPLENT0.60GeV
RS, |SES2SHEREPLEINT0.55GeV.



e arXiv:2407.08759 [hep-ph] (¥

SR

B o 5 R AT

Xe

Mx(GeV)

Assignments

X/

[sc]s[scla — [sc|alse]s
[sc]a[sc] a
[sc]s[s€] 3 — [sd] z[5¢]s
[sc] z[5¢]a — [sca[sc] z

[scli[3elv + [sclv[3ely
[sclv[sclv

—

4.11 £0.10
4.17 £ 0.08
4.17 £ 0.09
4.18 £ 0.09
4.82 £ 0.09
5.57 £0.11
0.13 £ 0.10

4.11 £ 0.09
4.17 £ 0.09
4.29 = 0.09
5.34 £ 0.10
0.124+0.10

7 X (4140)
? X (4140)
? X (4274)

7 X (4685)
? X (4685)

4.24 +0.09
5.49 £0.11




o Nucl.Phys.B973(2021)115592 (&R mE 3k, R3INHAFHPR)

Y JPCIT2(GeV?) | /50(GeV) [pu(GeV) | pole
luc]p[de] s — [uc]alddp |17~ | 3.7—41 [5.154+0.10] 29 |(#43—-61)%
[uc]p[de]a + [uda[delp | 177 | 3.7—4.1 |510+0.10| 2.8 | (42 —60)%
[uc]s[dc]y + [uc]v[dels | 177 | 3.2—3.6 |4.85+0.10| 24 |(42-62)%
[uc)s[dc]y — [uc]y[dds | 171 | 3.7—4.1 |515+0.10| 2.9 |(41—60)%
[uc)g[dea — [uc]alde)y | 17| 3.6 —4.0 [5.05+£0.10| 2.7 | (42 —60)%
[ucly[de)a + [uclaldc)y | 17F | 3.7—4.1 |5154+0.10| 2.9 | (41 —60)%
[uc] sldc]y + [uclv[de]; | 17~ | 3.5—3.9 |5.00£010| 2.6 |(42—61)%
[uc] 5[dc]y — [udy[dd ;| 17| 3.6 —4.0 |5.05+0.10| 2.7 |(42-61)%
[uc]s[dcly — [ucly[dels | 177 | 34— 3.8 |5.00+£0.10| 2.6 |(42—61)%
luc)s[de]y + [uc]p[de]s | 171 | 3.4—3.8 |5.00+0.10| 2.6 | (42—61)%
luc]plde] ; — [ud] ;[ddlp | 17~ | 3.7—4.1 |510+£0.10| 2.8 |(43—61)%
[uc]plde] ; + [uc] s[dc]p | 17 | 3.7—4.1 [5104£0.10| 2.8 |(43—61)%

[uc|aldc|a 17— | 38—4.2 |520+0.10| 3.0 |(42—60)%




e Nucl.Phys.B973(2021)115592 (KB %53 &, R3INAFHPRK)
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BESIIT arXiv:2407.07651 [hep-ex]



e Nucl.Phys.B1002(2024)116514 (REW™ B3R, ARSINHATHPR)

Y, JPC I T?(GeV?) | /50(GeV) | u(GeV) pole
[sdlp[Eela — [sda3dp | 1 | 41— 47 [535£0.10] 2.9 |(40—61)%
[scp[5da + [scla[Felp | 17+ | 40— 4.6 |5.30£0.10| 2.8 |(41—61)%
sds[3ey + [sc]v[Fels | 17~ | 3.5 —4.0 |5.05+£0.10| 25 |(41—62)%
sds[Fey — [sdv[ds | 17+ | 40— 4.6 |5.35+0.10| 2.9 | (40— 60)%
|sc|p[5¢]a — [sc]alsely | 177 | 3.9 —4.5 |5256+£0.10 2.7 |(40—-61)%
[sclo (504 + [scla[Fdy | 17 | 4.0 —4.6 |535£0.10| 29 |(40—61)%
sc1[5ev + [sc]v[5e; | 1-~ | 3.8 44 |520£0.10| 2.7 |(40-61)%
[sc|z[s¢lv — [sc]v[selz | 177 | 3.9 —4.5 |525+£0.10| 2.7 |(40—-61)%
[scls[5)y — [sclp[5els | 17~ | 3.7—4.2 | 5204010 27 |(41—62)%
[scls[5ely + [sc]o[Fe)s | 17 | 3.7—4.3 [5.204£0.10| 2.7 | (40— 62)%
[sc|p[5¢]; — [sc]4[5¢lp | 177 | 41 —-4.7 |530£0.10| 2.8 | (40—60)%
[sclp[5e] s + [sc]z[5elp | 177 | 41—4.7 |5.30£0.10| 2.8 | (40— 60)%

[5¢] 450 4 1= | 4249 [54040.10| 3.0 | (40— 60)%




o Nucl.Phys.B1002(2024)116514 (B %32, R3INATHPR)

b

JPC | My (GeV) | Assignments
177 | 4.80£0.08 | ?Y(4790)

1=+ 4.754+0.08
17 1 4.53 £ 0.08
17+ | 4.83 £ 0.09 | 22 n.1(4800)
177 470 £0.08 | ?Y(4710)

1=+ | 4.81 £ 0.09 | 22 7,1(4800)
17— | 4.65£0.08 | ? Y(4660)

177 1 4.71+£0.08
177 1 4.68 £0.09 | ?Y(4660)
1=+ | 4.68 £ 0.09 | 27 X (4630)
1= | 4.75£0.08 | ? Y (4750)
1=+ 4.754+0.08
A[524 17— | 4.85 £ 0.09

BESIIT arXiv:2407.07651 [hep-ex]
LHCb arXiv:2407.124775 [hep-ex]
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& R

B W05 5T E#HIA; EurPhys.J.C79(2019)29; 351 NEA
PR
|Sqe, Sge; Sy Ly J) Maiani Ali-Maiani | Currents
0,0;0,1; 1) Y (4008) Y (4220) | Ji(x)
\/% (]1,0;1,1;1) +10,1;1,1;1)) | Y (4260) Y (4330) | Ju(z)
11,1;0,1;1) Y'(4290/4220) | Y(4390) | Ji(x)
11,1;2,1;1) Y (4630) Y (4660) | Ja(x)

11,1;2,3;1)




e Eur.Phys.J. C79 (2019) 29; A IFTZIEE AT

|Syer Sqe; S, L J) 1(GeV) | T?(GeV?) | {/30(GeV) pole D(10)

0,0:0,1; 1) 11 | 22—-28 [480+£0.10| (49 —-81)% | < 1%

1,1;0,1;1) 12 | 22—-28 [485+0.10 % | (1=5)%

1
7 (

( )

( )
1,0;1,1;1) +[0,1;1,1;1)) | 1.3 | 26—232 [490+£0.10 | (46— 75)% | < 1%

( )

1,1;2,1;1) 14 | 26-32[490+0.10| (40 —-71)%| <1%




e Eur.Phys.J. C79 (2019) 29: = EArsg.t, QCDKFa3m it

BORIR K EWQ SRR EH,

—— -

3R I15

|Sqe, Sgz; S, Ly J) My (GeV) This Work | Ali-Maiani
0,00, 1; 1) 124+010| Y(4220) | Y(4220)
L (1,01, 1;1) +10,1;1,151)) | 431 £0.10 | Y (4320/4390) | Y (4330)
I1,1;0,1; 1) 428 £0.10 | Y'(4220/4320) | Y (4390)
1,1;2,1;1) 4.33+0.10 | Y (4320/4390) | Y (4660)




e arXiv: 2405.04145 [hep-ph]; =#&rix: 1P; 1P+2P

|Syer Sqes S, Ly J) 1(GeV) | T?(GeV?) | {/30(GeV) pole D(10)
0,0;0,1;1) 11 [26-3.0 [475+0.10] (40 —65)% | < 1%
1,1;0,1;1) 12 [25-29[480+0.10] (39 —64)% | < 3%

—+(1,0,1,1;1) +10,1;1,1;1)) | 1.3 [3.0-34 [485£0.10] (38 -60)% | < 1%
1,1;2,1; 1) 13 [27-311485+0.10](39-63)% | < 1%

Syes Sze; S, Ly J) 1(GeV) | T2(GeV?) | 1/sh(GeV) pole D(10)
0,0;0,1;1) 2.4 |28-32[515+£0.10](67—-85)% | < 1%
1,1;0,1;1) 25 |26-30[520+0.10] (67—86)% | < 1%

+(1,0,1,1;1) +10,1;1,1;1)) | 2.6 [3.0-34 [5.25£0.10] (67 -84)% | < 1%
1,1;2,1;1) 2.6 | 27-311[525+£0.10](68—-87)% | < 1%




e arXiv: 2405.04145 [hep-ph];
ete” — wX(3872),

SEHTAR
arXiv: 2404.13840 [hep-ex]

|Sqe, Sge; S, Ly J) My (GeV) | Assignments
0, 0;0, 1,1>(1P) 4.24 £0.09 | Y'(4220/4260)
0,0;0,1;1) (2P) 4.75+0.10| ? Y (4750)
11,1;0,1;1) (1P) 4.28 £0.09 | Y (4220/4320)
11,1;0,1;1) (2P) 4.81£0.10
\/%(u 0;1,1;1) +10,1;1,1;1)) (1P) | 4.31 £ 0.09 | Y (4320/4390)
% (]1,0;1,1;1) +10,1;1,1; 1)) (2P) | 4.85 £ 0.09
1,1;2,1;1) (1P) 4.33 £0.09 | Y (4320/4390)
1, 1; ,1, 1) (2P) 4.86 £0.10




e Nucl.Phys.B978(2022)115761 (JEixm &3 A, R3|INHAFHPR)

Ze JPC I T GeV?) | /50(GeV) | u(GeV) pole
[ucjaldely — [ucly|de)a | 07T | 3.7—4.1 [5.10£0.10 | 2.7 |(42—-60)%
[ucaldely + [udv]dda | 0 | 3.7 —4.1 |510£0.10| 2.8 | (42— 60)%
[udA[5dv — [ucy|5da |0 F | 37— 41 |515£0.10| 27 |(43—60)%
[ucjalse]ly + [uc]y[3c]a | 077 | 3.7—4.1 |5.15+£0.10| 2.8 |(43—-61)%
[sJal5dyv — [sclv[5da |0 | 38— 42 [520£0.10] 2.7 | (42— 60)%
[sc|a[5dv + [scv[5ela |0 | 38—42 [520£0.10| 2.8 | (43— 60)%
[ucp[ddls + [uclglddlp |0 F | 3.7 —4.1 |510+£0.10] 2.8 |(42—60)%
[ucp|dels — [uclgldelp | O | 3.7 —4.1 |510£0.10| 2.8 | (42—60)%
[ucp[5els + [ucls[sdlp |0 T | 3.7 —4.1 |5.15£0.10| 2.8 |43 —61)%
[uc)p[sc]s — [uc]s[sé]lp | 07~ | 3.7—4.1 |515+£0.10| 2.8 |(43—61)%
[scp[52]s + [scls[5dp |0 | 3.8 —4.2 | 520 £0.10| 2.8 | (43 —61)%
[sc]p[scls — [sc]s[selp |07~ | 3.8—4.2 |520+£0.10| 2.8 |(43—-61)%
[udr|delr + [udr[delr |0 F | 3.7—4.1 |510£0.10] 2.7 | (41 —60)%
udr[Edr + [udr5dr |0 | 37— 41 |515+£0.10] 2.7 | (43— 61)%
[sclr[selr + [sc|r[5dr |0 | 3.8—42 |520£0.10] 2.7 |(42—60)%




%)

-
L

e Nucl.Phys.B978(2022)115761 (JE47Ea %53 A, 3| NHHP

Az(G€V5>

JPCT M4(GeV)

[uc)aldely — [uc]y|de]a | 07 | 4.56 £0.08 | (1.33 +0.18) x 10!
[uc] a[de]y + [uc]y[de]a | 07 [ 4.58 £0.07 | (1.37 £ 0.17) x 107!
[uc] 4[3ely — [uc]y[sc]a | 0°F [4.61 £0.08 | (1.41 £0.19) x 107!
[uc| a5ely + [uc]y[5c]a | 07~ | 4.63 £0.08 | (1.45£0.19) x 10~
[sc]a[se]y — [sc]y[se]a | 07T | 4.66 £ 0.08 | (1.50 £0.20) x 10!
[sc]al5e]y + [sc]y[5c]a | 07~ [ 4.67 £0.08 | (1.53 £0.20) x 107!
[uc]plde]s + [uc]s[de]p | 0~ | 4.58 £ 0.07 | (6.92 & 0.86) x 102
[uc]plde]s — [uc]s[de]p | 07~ | 4.58 £0.07 | (6.91 £ 0.86) x 102
[uc|pl5c]s + [ucls[sc]p | 07T | 4.63 £0.07 | (7.30 & 0.90) x 10~
[uc]pl5e]s — [uc]s[se]p | 07~ [ 4.63 £ 0.07 | (7.30 £ 0.90) x 102

[sc|p[sc]s + [sc]s[se]p | 07 | 4.67 +0.08 | (7.73 4+ 0.97) x 1072
[sc|pl5c]s — [sc]s[se]p | 07~ | 4.67 £0.08 | (7.73 4 0.96) x 1072
[uc|[de]r + [uc]r[de]r | 0=F | 4.57 £ 0.08 | (4.62 £ 0.61) x 10~}
[uc]r[5¢]r + [uc]r[se]r | 07F [ 4.62 £0.08 | (4.89 £0.63) x 107!
[sc|r[se]r + [sc]r[se]r | 07T | 4.67 £0.08 | (5.19 4 0.67) x 10"




e Acta Phys.Polon. B49 (2018) 1781

(T0(3875))

T?(GeV?) | /50(GeV) | u(GeV) pole M(GeV) A(GeV?)
ccid | 2.6 —3.0 | 4.45+£0.10 | 1.3 | (30—63)% | 3.90 £ 0.09 | (2.64 £ 0.42) x 10 2
cciz | 2.6 —3.0 | 450£0.10 | 1.3 | (41 —64)% | 3.95 £ 0.08 | (2.88 £ 0.46) x 102
bbad | 6.9 — 7.7 | 11.14+0.10| 2.4 | (41 —60)% | 10.52 £ 0.08 | (1.30 £ 0.20) x 10~
bbus | 6.8 — 7.6 | 11.15+0.10 2.4 (41 —61)% | 10.55 £ 0.08 | (1.33 +0.20) x 1071
ccud | 2.6 —3.0 | 440£0.10 | 14 | (39—62)% | 3.85=£0.09 | (2.60 £ 0.42) x 102




e Eur.Phys.J.C78(2018)19 (SR#=m% 3 )

T%(GeV?) | /50(GeV) | u(GeV) pole M(GeV) A(GeV?)
ccud(07) ]| 24 —2.8 [440+0.10] 1.2 |(38—-63)%|3.87+0.09 | (3.90 £ 0.63) x 10
ccus(07) | 2.6 —3.0 [4504+0.10] 1.3 [(38—62)%|3.94+0.10] (492 £0.89) x 10°
ccss(07) [ 26 —3.0 [455+0.10] 1.3 |(39—63)%[3.9940.10 | (5.31 £0.99) x 10°
ccud(1%) ] 2.6 —3.0 [445+0.10] 1.3 | (39—62)%|3.90£0.09 | (3.44 & 0.54) x 10
ccus(17) [ 26 —3.0 [4504£0.10] 1.3 [ (40 —64)% | 3.96 £0.08] (3.78 £0.59) x 10°
ccss(17) [ 2.7 —3.1 [455+0.10] 1.3 | (39 —62)%|4.0240.09 | (4.11 £0.68) x 10°
ccud(2¥) | 2.7—-3.1 [450+£0.10] 14 [(39—-62)% |3.95+0.09 | (5.67+0.90) x 10
ccis(27) | 2.8 =32 [455+0.10| 14 [(38—-60)% |4.01 £0.09 | (6.27 +1.02) x 10
cc55(27) | 28 —32 [460£0.10| 1.4 [(39—61)% |4.06+0.09 ] (6.78 £ 1.12) x 10°
ccud(17) ] 3.3—-3.9 [520+£0.10] 2.9 | (50 —73)% | 4.66 +0.10 | (1.31 £0.17) x 10"
ccus(17) | 34 —4.0 [5.254+0.10] 29 [(49—71)% |4.73+£0.11] (1.40 £0.19) x 10°
cc55(17) | 3.7—43 [530£0.10| 29 [(49—-72)% |4.78+0.11 (1.48+0.19) x 107
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o FKEDT

ZBr & : Chin.Phys. C41 (2017) 083103
T%(GeV?) | /50(GeV) pole 1(GeV) | My(GeV) | A&y (1072GeV?)
DDy (177) | 3.2—-3.6 | 494+0.1 | (45 —65)% 2.3 4.36 £0.08| 3.97£0.54
DDy (177) | 35—=3.9 | 51+0.1 | (44 —-63)% 2.7 4.60 £ 0.08 | 5.26 £ 0.65
D*D§{(177)| 40—44 | 53+£0.1 |(44—-61)% 3.0 478 £0.07| 7.56 £0.84
D*D;(17")| 3.8—42 | 52401 |(44—-61)% 2.9 473 £0.07| 6.83=L£0.84




e Int.J.Mod.Phys.A35(2021)2150107 (.24r=FXR)
Z(X,) JPC I T GeV?) | /50(GeV) | u(GeV) pole |D(10)]
D*D* 07+ | 28—-32 (4554010 1.6 |(40-62%| <1%
D*D; 07+ | 29-33 (4654010 1.6 |(41-63)%| <1%
D:D? 07 | 31-3.5|4754+0.10] 1.6 |(40-61)%| < 1%
DD*—D*D [1tF]27-31 [4404+0.10| 13 |(40-63)%| < 1%
DDt — D*D, | 177 | 29-33 |455+£0.10| 1.3 |(41-63)%| < 1%
DD —D!D,| 177 | 3.0-34 |4654+0.10| 13 |(42-63)%| < 1%
DD*+D*D [1t- ] 2731 [440£0.10| 13 |(40-63)%| <1%
DD:+ D*D, | 177 | 29-33 |455+0.10| 1.3 |(41-63)%| < 1%
DD+ D:D,| 17| 3.0—-34 |4654+0.10| 1.3 |(42-63)%| < 1%
D*D* 17 3.0—-34 [4554+0.10] 1.6 |(42-63)%| <1%
D*D; 1t 32—-36 |465+£0.10| 16 |(41—-61)%| < 1%
D:D; 17| 3.3—-3.7 |4754£0.10| 16 |(42—-61)%| < 1%
D*D* 2T 1 3.0-34 [455+0.10| 1.6 |(41-62%| <1%
D*D: 2FF 1 32—-3.6 4654010 1.6 |(40-60)% | < 1%
D:D? 27T | 33—-3.7 4754010 1.6 |(41-61)%| < 1%




e Int.J.Mod.Phys.A35 (2021) 2150107; AAPPS Bull.32 (2022) 37

Z(X,) JEC Mx,7(GeV) Assignments
DD 0t | 3.74 £ 0.09
DD, 0t | 3.884+0.10
D,D, 0™ | 3.98 4 0.10 ? X (3960)
D*D* 0T+ | 4.0240.09
D* D¢ 0t | 4.10 4 0.09
D:D: 0™+ | 4.20 4 0.09
DD* — D*D |1+ ] 3.890 £0.09 ? X.(3872)
DD* — D*Dg | 17+ | 3.99 & 0.09
D,D* — DD, | 117 | 4.07 £0.09
DD*+ D*D |17~ | 3.89 £0.09 ? Z,.(3900)
DD+ D*D, | 17 | 3.99 £0.09 | ? Z.,(3985/4000)
D,D* +D:D, | 1t~ | 4.07£0.09
D*D* 1t= | 4.02£0.09 ? Z.(4020)
D*D? 177 | 4114009 | 2 Z.,(4123)
D:D? 1t~ | 4.19 £0.09
D*D* 27+ | 4.02 4 0.09
D*D? 27 | 4.11 4+ 0.09
D:D? 27+ | 4.19 4 0.09




e Eur.Phys.J.A58(2022)110 (R#EZFR)

Tee Isospin | T%(GeV?) | \/50(GeV) | u(GeV) pole |D(10)]
D*D* 1 2.8 -32[455+£010| 1.7 |(41-60)%| <1%
D:D* 5 29—-33465+010| 1.7 |(42-62)%| < 1%
D D! 0 32—-35 (4804010 18 |(42-61)%| < 1%

D*D — DD* 0 2933 (4454010 14 |(42-62)%| < 1%
D*D + DD* 1 2.6—30 [4404+£010| 14 |(42-63)%| < 1%
D:D — D,D* 5 30—3.4 450£010| 1.5 |(40-62)%| < 1%
DD + D,D* % 29-33[450+£010] 1.5 |(40—-60)%| < 1%
D:D, 0 30—-34 [460+£0.10| 15 |(41-63)%| <1%
DD, — DD} 0 56 —7.0 [6.35+£0.10| 46 |(41-60)%| < 1%
DD, + DD} 1 47-6.1 |590+£010| 40 |(42-61)%| < 1%
DiDy — DDy | 1 58 —7.2 [650+£0.10| 46 |(43-60)%| <1%
DiDgy + DDy % 47-6.1 |6.05+£010| 40 |(42-62)%| <1%
D, D}, 0 49-6.3 [620+£010| 4.0 |(A43-61)%| <1%
D*D* — D*D* 0 32—-36 (4554010 1.7 |(42-61)%| <1%
D*D* + D*D* 1 30—-34 (4554010 1.7 |(41-60)%| <1%
D:D* — D*D* 1 3.3—-37 14654010 1.7 |(40—-59%| < 1%
D:D* + D:D* % 31—-35 (4654010 1.7 |(42-61)%| <1%
D:D? — D:D? 0 3.6 —40 [4804+£010| 1.8 |(40-60)%| < 1%
DD} + D:D: 0 34—39 [4804+£010| 1.8 |(41-61)%| <1%




e Eur. Phys. J. A58 (2022) 110; AAPPS Bull.32 (2022) 37

T.. JY | Mp(GeV) | Assignments
DD 0" [3.75 4+ 0.09
D.,D 0" | 3.85 £ 0.09
D.D, 0" 1 3.9540.09
D*D* 0" 14.04 +£0.11
D:D* 0" |4.12+0.10
D:D; 0" |4.22 +0.10

D*D—DD* |17 |383%+0.11| ? T,.(3875)
D:D — D,D* | 1% |3.97£0.10
DD+ DD* |17 |3.90 +0.11
D:D+ D,D* | 1% |3.98+£0.11
D:D, 1+ | 4.10 £0.12
D*D* — D*D* | 17 [ 4.00 £ 0.11
D:D* — D:D* | 1+ | 4.08 £0.10
D:D* 1+ | 4.19 +0.09
D*D* + D*D* | 27 [4.02£0.11
D:D* + D*D* | 2+ | 410 £ 0.11
D:D: 2T 1 4.20 +£0.10
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