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ISR T TR Sk 199 b, (ERET RE

FASHAEALMG T, (2900)%/+F R N [F) A7 Jié 2% & 11
D*K* 4yFd. SCHER 3410 SR QCD sRATHEI
XFIXPIANRLT#EAT AL, FRAR T PANAS [F AR,
Bl T7%0(2900)° & Dfp~ 7313, LI T, (2900)F
& Dipt Bl DYKT o Fas. scEk O KRB,
T70(2900)° & D*OK*0 7pras, MIHFEZZAEN

DOK°, [Ai Dfr~ ZEARTE M REWS PO B SCHR

W37, fEFHRH T, (2900) ATHE RSN A 1(07)
BTHIN Z.(3900) M7 SAEBEAS, 7ECATHE T 19
B Dom AR5 S B0 H0E — 5. 7E R R B
JEXTFRMEAESE T, T2, (2900) Rl RN D*p — D*K
gl A 1381 78 T (2900) A D*K* 4% TSI
RBET, SCik 1 R @ BT — DY DK,

B~ — DfK—7~+ Ay — D°K°A J¢ B — K°Dx°

RERESRARM T, (2900). SCHk 191 FEF-45r 57
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A
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Y

IAEIRES o

il EIHE, 2T 5 T5(2900) KT Xf B

SRIM, BB % SR A RESF R . 26T
T7(2900) A2 il o W% 58 5 [ W% 5 4 J ) s B
Vs dix—flik, ek 049 mfERiE i QCD
RAFN 5 7 Hi 2 S Rl R, hfesRs
SCEHIEWI G . SR O SR A AR A X M e 3
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SHFUE, I LAy R Al AE 5 50 A2 #45E BY o X} B
FE AR R AT 7R S Solk T vk A
(2900)"AF — 7~ DI AF N,

[147] ]
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LR EMRE, ATShcEk 149102
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g, FATEHAE 2 AT AR ENE WA
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TEAMMEE: Drtpt. DK D Ay Agg. 3
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o AR

i I B2 747 F (2948 + i48) MeV [
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9415MeV |gp-+x-+| = 6328 MeV Hl [g4 4. =
10117 MeV, IERWEZwmASHD Ao Ay FIEEMNS
MR TN,

1t

N

BeAh, BATETE 1WA ILIRE, HE T80
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S A Gk
SIS R

4 BEeMFEAENREwHEZT®

an BRI, AT AR TT P02 it T —Fh
iR T7 i, MTEA RO RAER IR T B 5 IER W
G ILASIITRE RS 2B 538 F B oy IR T AR 1
HAIE T AR TR B - AR IR XS T - R AN T HEIR
XU - RS 50 -HR R A LR R XU T -2 R
X SRR T TH S B B . AR, E T3 T
RAEER, X 55 E 0] RZAFE
JE ¥ RS e TR, BRI, e R 5 IR A
AHELAE AT 390 0 e

ARFTR R, U(1) VGRS FRVE B AL B iR 1
R EAER] . 1954 5, #¥kT5 Robert L. Mills
TEHRA QIR R se 18] oh, AR M
RES AT AR VURBF——SU(2) #, ButfEET
LSS HEIS 58 T 05 1% (QCD). AT 4
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BB AR R 3 €7 () X005 5 B R AN AR )
ARG
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W RS S 2 R, BIDRE XS se OV HE R o R
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A
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) vE: XEBEHE CSRTCHFTIXA) (Heats
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U Ak AE T THI AR 505 e [ WS 50 R LA R

(65) 2 H R (0 H B L4 0T S 57 e AR R i Y %5 e
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Lo %<ausa~sT>CF _ %m%(SSUCF, (66)

1 1
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1 1
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1 y 1
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R B 1 R (.
Vo FARAEFLE R

Der RAREFET
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ORI (£ SU(3). MTEARHT, X 7o K22 Hioi
b

Se — UScUT, (70)
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Agen = UAge,UT, (73)

Horp U B EAg SU(3) #EREFT. A& #e 4
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Spy IR AR TERS PO . 9 RS IR AE Ry 3
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Abstract

Since the discovery of the charmonium-like state X (3872) in 2003, a large number of new hadronic
states have been observed in high-energy experiments (BESIII, LHCb, Belle, etc.), challenging the con-
ventional quark-antiquark (meson) and three-quark (baryon) paradigms. 'Among various interpretations,
hadronic molecules and diquark-antidiquark states have emerged as two important scenarios. Studies by
different theory groups have shown that some of the observed tetraquark candidates can be well explained
within both the molecular and the diquark-antidiquark frameworks. Therefore, we argue that in certain
tetraquarks these two components should coexist with a certain proportion. Under this premise, we have

recently proposed a new theoretical approach, namely, to consider the mixing effect between molecular and
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diquark-antidiquark states within an effective field theory framework. Specifically, based on the hidden
local gauge symmetry, we introduce diquark fields and construct a complete set of interaction Lagrangians,
including vertices for two light diquarks with one light meson, a heavy meson with a heavy diquark and
a light diquark, and two heavy diquarks with one light meson.

Meanwhile, we apply this theory to study the following tetraquark candidates: Z.5(4000), Z.(3900),
X (4500), and T7,,(2900). By using the constructed Lagrangians, we compute the effective potentials
for the coupled channels consisting of molecular and diquark-antidiquark configurations, and solve the

coupled-channel Bethe-Salpeter equation in the on-shell approximation. And we obtain the following

results:

o For Z.,(4000), the pole at (4013442i) MeV in the D*°*D?*/A,,S.,,, coupled system matches the LHCb
data, while a second pole at (4208 & 13i) MeV is consistent with Z.,(4220) in mass but narrower in

width, calling for more precise experimental measurements.

o For Z.(3900), the pole position lies in the range 3888-3901 MeV with a width of 17-26 MeV (depend-
ing on the cutoff), in excellent agreement with the BESIII results. The extracted effective coupling
constants indicate that the diquark-antidiquark component contributes significantly, with a coupling

strength about 15 GeV, nearly twice that of the molecular component.

o For X (4500), the Dt D*~ /A Auy/AcsAcs coupled system yields a pole at (4488.0 £ i29.6) MeV,
precisely reproducing the LHCb mass and width. Notably, the A, A, channel has the largest

coupling (~ 10.5 GeV), indicating the importance of the diquark-antidiquark configuration.

o For T*

7 0(2900)*F, the D pt/D** K**+ /A, Asq system gives a pole at (2948 + i48) MeV, again con-
sistent with the LHCb measurement. The couplings of the molecular and diquark-antidiquark state

channels are comparable.

Another innovative aspect of this work is the systematic construction of a color gauge-invariant
effective field theory with diquark fields. By requiring gauge invariance in color space, we introduce gluon
fields as gauge bosons and obtain the diquark-gluon interaction vertices. On this basis, we derive the
one-gluon-exchange potential between a diquark and an antidiquark.
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The theoretical approach described above can be applied not only to tetraquark systems but also, in
combination with chiral quark models, to the study of baryon and pentaquark systems, thereby providing a
new theoretical perspective for understanding the internal structure of tetraquarks and offering meaningful

guidance for future experimental investigations.

Keywords: tetraquark, hadronic molecule, diquark-antidiquark state, effective field theory
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