Unraveling K (1690) as a pseudoscalar udds
tetraquark state
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QCD and exotic hadron states

* Hadron can be classified as mesons and baryons.

* QCD allows existence of exotic structures. Glueball, hybrid, tetraquark...
PLB, 205(2-3): 397-400. PLB, 313(1-2): 276-282. PRL, 129(19), 192002.
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A crypto-exotic J¥ = 0~ state

SUN YAT-SEN UNIVERSITY

* Three resonance structures in P-wave pK channel around

(1.4,1.7,1.9)GeV.

Lightest--K(1430)

PRD, 79:114029, 2009 PRD, 32:189-231, 1985. PRD, 108(1):014034, 2023.
EPJC, 77(12):861, 2017. EPJA, 59(3):40, 2023.

Heaviest--K(1830)

(Tetraquark|or hybrid meson ?
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JP =77 of K(1630)

QM predicts only two excited K meson below 2.5GeV

Middle one -- K(1690)??? A candidate for exotic strange meson
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QCD Sum Rules

Quark-gluon level: Operator product
expansion (OPE)

(g% = ) Cu(@?)(On)

Start from two-point correlation function Hadron level:
_ Dispersion relation and
n(q*) = in4X e"*(0|T[J(x)J*(0)]|0) p(q?) = f25(q> —m?) + -

Quark-hadron duality, Boral transform
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K(1690) — pseudoscalar Tetraquark ugqgs?

NG = u;{Cdb(J075C§Z + be5C§£)
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S3 = ulf Cdy(d,ysCs) — dyysCs))

 There exist 10 J® = 0~ tetraquark currents

» Up to dimension-8: (qq),(g*G?),(qq)*,{qGq),{g>fG*) 3 @36(A4) | Vs = ul Cysdp(daC3T — dyCsT)
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(g3fG3) in QCD Sum Rules

 Vacuum condensates are important in QCDSR. (Gq),{(g9*G*),{Gq)*,{GGq),{g>fG?) ...
e Tri-gluon condensate (g3 fG3) is usually neglected. (g*G?):
PLB 110 (1982) 476 NPB 213 (1983) 285-304 CPC 45 (9) (2021) 093103.

* Its contribution is unimportant in systems with heavy quarks.

* Complexity: too many diagrams. There exist 7 diagrams in LO of (g3fG?3) (G0)?
qq)":
diagrams of (g3fG3) > (gq) + (g*G?) + (gq)* + (gGq)

* Unavoidable IR divergence: DDG
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IR safety of (¢°fG>) in QCD Sum Rules

IR safety for the single quark propagator. (ignore g4(c_1q)2)

DDG
g g ) 3 % >—>  finite Do - — _i(sif<g3f63>r(% o 1)’76
. A == 1728d(d + 2)mdI2(—x2)di2-3

infinite infinite

Must be calculated in d-dimensional !
* IR safety for the two different quark propagators. Propagator and condensate.

infinite

Z:> ﬁnite

infinite infinite infinite

o> finite

The LO of (g3fG3) can be fully calculated.



The impact of (g3/G3)

* Take current P; as an example. Contribution
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The impact of (g3/G3)

» Take current P4 as another example.

With (g3fG3)
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(g3fG3) provides significant contribution in light tetraquark systems!




Results for udds

* Uncertainty is from sy, condensates and m.

Currents s0(£0.2 GeV?) M3 (GeV?) m (GeV) PC(%)

P 3.3 1.14 ~ 1.35 1.62 +0.10 > 15 BMassesofem enel e PV
P3 3.8 1.28 ~ 1.50 1.72 + 0.10 > 20 are consistent with K(1690)
V3 3.3 1.42 ~ 1.62 1.60 +0.16 > 10
A3 2.8 0.95 ~ 1.20 1.48 +0.20 > 10

3.(A3,Ty) and T; are close to
Te 2.4 0.75 ~ 1.10 1.36 + 0.05 > 15 K(1460) and K(1830)
T3 4.7 0.90 ~ 1.35 1.92 +0.04 > 25
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Summary

« Complete (g3 fG?3) provides significant contribution in light tetraquark systems.
* 10 currents for 0~ udds have been calculated by QCDSR.

» The masses of currents (P, P;, ;) are consistent with K(1690)

Thank you!
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* QCD Coulomb gauge approach
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* Cornell potential-based phenomenology QCDSR
Table 1: S Wave SSSQ All units are in MeV. PRD 79 (2009) 114034 0—— CurrentS for qq qq
Tss.vq chqq
State JP 323 626 33 626
Mg Mngr Msg Mpyg Mg Mng Mg Mg :

11S, 1688.83 1845.90 1161.27 899.72 1439.99 1239.35 1631.54 739.30 All currents give results over 2GeV
215, 0+ 2705.68 2797.19 2932.67 3104.81 2470.83 2790.35 2595.88 2973.53
315, 3181.37 3280.76 3879.06 4055.92 2962.87 3091.70 3749.25 3932.74
138, 1871.25 1998.89 - X 1653.02 1804.26 : -
238, 1+ 2754.48 2840.05 - . 2535.26 2647.59 PRD 95 (2017) 7, 076017 == a0
338, 3214.45 3306.98 - - 3003.36 312271 1 currents q499q49
1S, 2338.73 2300.37 - - 2070.76 2140.97
255, - 2852.10 2918.98 - . 2658.23 2742.72
35S, 3277.07 3359.33 - ! 3083.88 3187.37 : : .
1P, 2635.17 2710.62 2706.09 286847 2415.16 2513.20 2561.05 2732.62 ~1.66GeV for 0
2'py 1~ 3091.39 3175.25 3692.30 3850.09 2876.64 2985.56 3552.21 3721.48
3lp 3455.38 3554.63 4403.68 4580.34 3248.90 3374.29 4278.30 4463.72
P 2314.79 2390.20 1010.72 1151.97 | | 2082.28 2180.37 841.42 988.89 |
2P 0 2821.00 2905.99 2353.68 2501.65 2590.99 2701.27 217336 2327.59
3P 3206.10 3304.82 3204.07 3376.79 298291 3109.17 3034.28 3212.69 12
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