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Quark model

Constituent (dressed) quark
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S.-J. Brodsky et al, Phys. Rev. C 85, 065202 (2012)

From Bare to Dressed: Renormalization & Dressing
The physical quark state is obtained by
summing interactions to all orders in g,.

Bare quark —> Dressed quark Q = f o+ é ; ES <°> + Q +
- J

s
All possible gluon emissions and g pair fluctuations

Large p
pQCD works (ay < 1)
small gluon dressing

Small p
non-perturbative (ag > 1) — solve on lattice?
large gluon dressing — constituent quark!



Quark model

Quark-quark interaction (central piece; color type)
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Confinement: lohg distance flux-tube from
non-pefturbative SU(3) . gauge dynamics

Constant: vacuum energy / self-energy /
non-perturbative background effects



Quark model

Quark-quark interaction (hyperfine; color-spin type)

Vl(r) = —§FFF¢(— "tor-D), (x 0 D>0)

4+ J r

Breit Fermi reduction

BT g

Cs 3 T . A
Veont (ri5) = = 3700~ FUF] Si - S5 6 (rij),  Vi(ry)= ey LT =3 [3(S: - #45)(S; - £ij) — Si - Sy
Color-magnetic piece of pQCD Tensor force
(< pq - B, in QED) (nearly negligible in ground state mesons/baryons)
unresolved short-distance QCD dressing effects
. 3 1'.5-2- he y 2 B m; m;
CS _ _ Y pepe 1] (pigrez fhe)” o o o Py Ty
L:J 4F1' F‘? m.imjc*l nje Tit 9y Hij (a + m; + mj>

(fitted on lattice) Y. Koma, M. Koma, Nucl. Phys. B 769, 79 (2007)




Quark model Hamiltonian under comparison

C
Hx—zmﬂrzm —Tcm+;V +V, X € {2BD,III, TGE}
i<j
3 K 3 wij he
C = _ZF°F° | —— i —D CS _ cpe_Fij M€ —(uijri;/he)®
Vi; - +ori; — Ve — FOF, e o0,
Two-body model (2BD) Vagb = ) V5®
1<J
Instanton model (II1) Vire = ) [(1 — pi)V§S + i Vi 33] >, piskViiy Jigh
1<J i<j<k

Two-gluon exchange model (TGE) Vige =) V5% + Vidk

1<J



Three-body forces in the quark model

Three-body spin-dependent forces: U(1), anomaly; Instanton-induced interaction (III)

— = _ ] a3
Lo =Gl det | (@ +ws)ap) +, det| (@1 =w)ar) X ) %QI
G. 't Hooft, Phys. Rev. D 14, 3432 (1976), Phys. Rev. D 18, 2199 (1978) » o

D. Diakonov, Prog. Part. Nucl. Phys. 51, 173 (2003)

Non-relativistic reduction

Instanton two-body force: S. Takeuchi, M. Oka, Phys. Rev. Lett. 66, 1271 (1991)
. U{E:l @ Yq 9
ij _ s\ - N R WP L
Vinn = mim; —— Iy o' (r), I'iy=1+ 29 s(2)s(7) A Aj + 32)"1 Aj OO (1 #7)

Instanton three-body force:

T"rlﬁjt'jk {ﬂf?k 3 = (6@ (ri;) 63 (rjk) + 6 (k) 6@ (vra) + 6 (rki) 83 (ri;)), (4,4, k) ~ (u,d,s)

(3) _ i cy o v . aybye e c
O = 1+ o A5 = 3558 (D)8(1) (k) dase APATAL + 3 Z AN o -

cvel(i,g.k) cy:: i.7, R:}
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Three-body forces in the quark model

Three-body spin-dependent forces: Two-gluon exchange (TGE)

a) b) c) For example, a possible configuration is jgg =1/2%,3/2"
S I R S + “/v [(2:95)3, (arg8c)3clic) < |[(4i99k)8c98c)1c)
@%&w / Same analogy as Fujita-Miyazawa mechanism

(3N force) in nuclear physics
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c—c _ 4 ALA abe yaybye sgn(qt)
Lin® =3 ; .) 2t 2% A2 A5NS ; M, (4.6)
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Bt =g Y (7T T agmapgyy Y ) (200 otoy)

144 M{ T mym; 544 m;ME my; m;

— _— S y ﬂ
L?{Q — Z (ALEJ,EG + BijkS - CLﬁk"”) exp [—E(mij?'ij + MkTik + mkirki)}
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J. Baek et. al., “Three-body forces in the quark model”, Prog. Part. Nucl. Phys., under revision, hep-ph 2608.18949




meson+baryon fit (u, d, s, ¢ sectors)

Quark model Hamiltonian under comparison

State Mexp | 2BD (RMSE = 13.33 MeV) | 1II (RMSE = 11.97 MeV) |TGE (RMSE = 2.54 MeV)

Ms,  AM OM (%) Ma,  AM 0M [%)] Ma:  AM 6M [%)

me (0 7) 2083.600 | 2982.400 —1.200 —0.040 |2985.453 +1.853 +0.062|2983.800 +0.200 +0.007
J/ (177) 3096.900 | 3097.594 +0.694 +0.022 [3100.939 +4.039 +0.130 |3096.923 +0.023 +0.001
D(07) 1864.800|1866.695 +1.895 +0.102|1862.838 —1.962 —0.105|1865.572 +0.772 +0.041

D*(17) 2010.300 | 2008.277 —2.023 —0.101{2021.199 +10.899 +0.542 |2008.584 —1.716 —0.085
w(0~t)  139.570 | 127.706 —11.864 —8.500| 137.169 —2.401 —1.720| 138.067 —1.503 —1.077
p(177) 775.110 | 736.238 —38.872 —5.015| 737.885 —37.225 —4.803| 772.203 —2.907 —0.375
K(07) 493.680 | 495.649 +1.969 +0.399| 499.406 +5.726 +1.160| 496.975 +3.295 +0.667
K*(17) 891.660 | 879.773 —11.887 —1.333| 879.585 —12.075 —1.354| 895.045 +3.385 +0.380
p(1/27) 938270 | 960.693 +22.423 +2.390| 950.705 +12.435 +1.325| 940.736 +2.466 +0.263
A(3/21) 1232.000 | 1250.249 +18.249 +1.481|1248.941 +16.941 +1.375|1232.207 +0.207 +0.017
2 (1/2%) 1197.450 | 1198.417 +0.967 +0.081|1194.789 —2.661 —0.222(1192.263 —5.187 —0.433
A(1/2%) 1115.680|1123.369 +7.689 +0.689|1114.070 —1.610 —0.144|1115.374 —0.306 —0.027
S (1/27) 2453.970 | 2441.428 —12.542 —0.511|2446.484 —7.486 —0.305|2450.682 —3.288 —0.134
Ao (1/2%) 2286.460 | 2290.620 +4.160 -+0.182|2279.999 —6.461 —0.283(2288.864 +2.404 +0.105
Zee (1/2F) 3621.460 | 3630.469 +9.009 +0.249 |3615.784 —5.676 —0.157|3619.489 —1.971 —0.054
> (3/2%) 1383.700 | 1382.418 —1.282 —0.093|1390.861 +7.161 +0.518 |1385.074 +1.374 +0.099
> (3/21) 2518.480 | 2510.667 —7.813 —0.310 |2527.959 +9.479 +0.376|2522.749 +4.269 +0.170




T.s0(2870) resonance in the coupled channel quark model

Quark models well describe compact (~1 fm) mesons and baryons.

Then what if some exotic state is not compact?

e.g., dcs tetraquark states (T): a resonance pole!




T.s0(2870) resonance in the coupled channel quark model

Quark models well describe compact (~1 fm) mesons and baryons.

Then what if some exotic state is not compact?
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T.s0(2870) resonance in the coupled channel quark model

Quark model well describes compact (~1 fm) mesons and baryons.

Then what if some exotic state is not compact?

Compact region (short-range): quark-level interaction — "gauge dynamics (quark model)”
Continuum region (long-range): hadron-level interaction — “chiral dynamics”

e.g., udcs tetraquark states (T,): a resonance pole!




T.s0(2870) resonance in the coupled channel quark model

Quark model well describes compact (~1 fm) mesons and baryons.

Then what if some exotic state is not compact?

Compact region (short-range): quark-level interaction — "gauge dynamics (quark model)”
Continuum region (long-range): hadron-level interaction — “chiral dynamics”

We should consider both compact and continuum space.

e.g., udcs tetraquark states (T,): a resonance pole!
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T.s0(2870) resonance in the coupled channel quark model

We should consider both compact and continuum space.

P Q

b Hbare HPQ

‘\HQP) H(O) n Vngng—range

Compact gqqq
A/ ~

Gluon exchange, H QP — H PP

instanton, ---

P

AYAY

resonating group method (RGM)



T.s0(2870) resonance in the coupled channel quark model

We should consider both compact and continuum space.

P

bare
HPP

Hop

Q

Hpq

(0) long—range
Hoq * Voo

Continuum one-boson (m, p, w, 0,717) exchange potential
1. p, w, 0,17 boson-exchanges are all intermediate or short-ranged.

2. These potentials require and depend largely on short-range cutoff.
Also these potentials require unknown parameters.

So for the continuum space, we use pion-exchange potential only.



T.s0(2870) resonance in the coupled channel quark model

Q-space Hamiltonian with Q = {DK,D*K*}

HY) 0 ( 0 Vv
Hor — DK + (., DK—D*K*
Qe ( 0 HSJEK* Vo-k+»pk  VD*k*—D K-

Relevant effective Lagrangian from heavy quark sym, chiral sym, SU(2) flavor symmetry:

2 (5 A A 20 o mnEeta
£f)(*)f)(*)P = +f—g (DbDG,A +Db)\Dj;) 6APba, +%f—£jv Eagv}\DbMDaT;\a Pba-

M. B. Wise, Phys. Rev. D 45, R2188 (1992)

Effective potential for DK —» D*K" is

TS
N\

* * ! T 9D*D*n9K*K*r
2 2 (TD ) TK)(ED* ) q)(EK* ’ quQ(q)) VD"‘K"‘%D’“K"‘(q) = 2 2 (TD ) TK)(SD* ' q)(SK"‘ ’ q)Fz(q)
q. + m?‘r \\_//\ q. +mﬂ'

m 9DD*rdKK*x
VDK DK+ (Q) =

form factor

Couplings  4,,5., =3.084 x 1073 MeV™,  grger = 6.061 x 1073 MeV L

gpD*r ~ gp+*D*r A gKK*r ™ GK*K*r B Wang and S. L. Zhu , Eur. Phys. J. C 82, 419 (2022)



T.s0(2870) resonance in the coupled channel quark model

Effective potential for DK —» D*K" is

-~
< N

__ 9DD*n9dKK*m7

T * * 2 \ T 9D*D*ndK*K*n
Vbk—p k() = Q2 + m2 (7D TK) (€D~ - q) (€k- Q)‘\IT (q/); Vieksosper-(A) = Q2 + m?2 (7p - Tk)(Sp- - q)(Sk- 'Q)F2(f1)
S-wave, spin singlet projection \
2 2
q? q? F(q) = H monopole form factor with A = 1 GeV
q:q; = 351'5 + (QéQj - ?51'3') ;
S~ ™~ ~~
scalar part (L = 0) traceless symmetric (L = 2)
* * _ 15 * * 1 * * * * 1 * * * * 16 * *
€D+ ;€K* j = 3% (€p+ - €x+) + 2 (ED*,z‘EK*,j - ED*,jEK*,i) + 9 (ED*,z’EK*,j + ED*,jEK*,z’) — 3% (€p~ - €x+) |
S—0 S—1 h “’ g

S=2

Long-range contraction
1. Short-range components only shifts phase of the scattering wavefunction

2. Short-range physics are governed by gluon-exchange or instanton-induced interactions
o2 o /,/?’?;;\\ long-range force s Jiar R
———— =% 1l — — A
q% + m2 ~( \‘12 +m2: / 27)3 @ + m2 . Yukawa-tail

contact interaction § (Rpg): change the phase



T.s0(2870) resonance in the coupled channel quark model

The continuum(Q)-dressed effective Hamiltonian in the compact(P) space is

1
Hegr(E) = HP3™ + Hpy
€ E — HQQ

H
+i0 9F

If we solve HY ;ry = EOV zp ), (diagonalize H) in Wpy € Pegr basis, we can get eigenenergies.

Pole equation

det|E1 — M© —3(E)| =0

/ N\

Compact bare seed eigenmass

5 0) 5,(0) ,,(0) > 2dp > p2dp’
_dlag(M0 M, M, ) S(E) =Y /  om? ma(®) G5 (B p,p") gns(®').
a,BEQ

Self-energy correction




T.s0(2870) resonance in the coupled channel quark model

Pole equation

det|E1 — M —3(E)| =0

/ N\

Compact bare seed eigenmass

— dine (1@ 1@ 1,(0) © Rdp [ p2dp
= diag(M”, M{®, M{®, ) sm@E)= Y / vy / 5ra 9ma(P) GLlhs(Esp,p') gas ().
o,BEQ

Self-energy correction

Possible continuum bases (similar for D*K™)
85224 = |D(13)K (24);p) = ¢5° (r13) 9% (T24) jo(PR(13)(24)) © |L1312a) o @ [((13)0(24)0)0)s ® | D(13)K (24)) 5
05209y = |D(23)K (14); p) = ¢35 (rgg)¢§i‘“<r14)jo<pRm)u4>) ® [1a3114) ® |((23)o<14) Jo)s ® | D(23)K (14))

Isospin projected bases  [2%,=°) = [@(13 24y — 193 (14))} L [@(13)(2‘4)) + @ggﬂm)@

\f

g

Compact bases

W) = > by, (%) by, 5Oy, (20) ©

{vi.c}

F by xe) by () by (20) @

vi.c}

Two limited bases cannot reproduce DK pseudostates.
It make eigenstates compact

I) ®[312334) ¢ ® [((12)0(34)0)0) 5

I) ®1612634)c ® [((12)1(34)1)0) 5 -




T (udcs;1 = 0,]J° = 0%) tetraquark resonance
Lowest 3 bare seed states in the 2BD model

0
seed MY T 1745 VCES  wesr Wesia  Ti3—24  Tmax

0  2586.25 1047.39 -1015.85 -502.37 0.363 0.637 0.546 0.883 == Mpx < M¥ < Mpeee: (— +)
1 292797 791.76 -797.24 -123.63 0.611 0.389 0.623 0.979 == My < MO (=, o)
9 3087.92 918.15 -579.29 -308.02 0.300 0.700 0.921 1.200 =% My < MO:(=,-)

Riemann sheet jump term (for seed 1)

S (B) = S5HE) + T (B) + I 5 (E)

— -———
- - - - -~

:1:‘ Ek: — h k > p2 dp Vﬂ',]ong L
\ ﬂa( ! )I_ ﬂa( )—I_Z 2_;_1_2 hC):} Ccﬂ ( ?p)

Integral equation: recursive!



T . (udcs;1 = 0,J° = 0%) tetraquark resonance

’’’’’ de m,lon 1
.rm(E k)— Bne (k) +Z/ ﬂg(ﬁc3vaﬁ 8(k,p)E E(O (p)

~—_—’ -~ - -

-

nﬁ(E p)

-

Integral equation: recursive!

This expression is recursive. But on momentum grids p — p; and k — k; with weights w; = Ap; p?/(27%(hc)?), the
integral equation becomes a finite-dimensional linear equation,

71' ,long ]
Fn,o:z = hp ot +Z ai,Bj mrn,ﬁj(E)a (70)

where hy, oi = hna (D), Tnai(E) = Tha(E;ps), Egj-) = Mg + p3/2up, and V3; lg;lg = V;Télong (pi,p;). Equivalently,
wy

T,long
Z 0apdij — Vai,; E_Eg(ao')
J

B.J

Iy i (E) = hnai-  Linear equation now. (71)

Thus the recursive expression is solved by a matrix inversion on the finite momentum grid.



Im E [MeV]

T . (udcs;1 = 0,J° = 0%) tetraquark resonance

Solution trajectories of det|E1 — M%) — g2%(E)| = 0, g, € [0,1]

III seed-0 2BD seed-0 TGE seed-0y) I1I seed-1 2BD seed-1 TGE seed-1 y) Il seed-2 2BD seed-2 TGE seed-2

))
B % (!
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2724 |
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—-i18.51
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—50 A
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—75 4
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-1001

— 2BD (I'y- =47.3 MeV) 2BD (stable K *) 3224.74-i122.26
— [II (T =47.3 MeV) III (stable K *)
— TGE (I'y- =47.3 MeV) TGE (stable K *)

—125 1

2638.47-i129.25

T LT TR Y Th/ AR« LR

My = 2888.050 MeV T
{Mpr = 2900.784 MeV | e,

Mp+ g

150 Y , , , , YL , ‘ ) , ‘ , , , ,
2350 ({2550 2600 2650 (( 2900 2950 (( 3100 3150 3200 3250
DK threshold (~2.3 GeV) D*K* threshold (~2.9 GeV) Re E [MeV]



P2 (w)

T . (udcs;1 = 0,J° = 0%) tetraquark resonance

200 4
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On the real axis, the corresponding spectral strength is

~0))=> 50

+

Im [gglpg)TWPQGQWQPWg)] |E:w:|:i0'

PO (w) = ~Re (5 - [P +i0) - 5O

21

g /2

~Im =), (Mp) D/dwp (w)Lg+ (w; MR), Lg+(w;Mg) = (Mp —w)? +

(Cx~/2)
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30
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T . (udcs;1 = 0,J° = 0%) tetraquark resonance

Residue decomposition

D (Epoe)¥r =0, UIDM(E ) =0. DM(E) = E1 — M© — g23(E)

Zp; =N"1U]PUg, “elementariness”

X, =N"1g2utw? QGQPQGQWQP Vp, “compositeness” (propagating piece)
CH™P = —N"'ggW 1 J* (Epole) ¥R. “compositeness” (Sheet jump piece)

ﬁ 1= Z ZP;; + Z (Xoc + C{J;Eump) + Ymetric'
i acQ

Yirotric =N 1 gg‘llg [C’)P QGQWQP + wre Gg ORF ] Vg, ~come from non-orthogonality




T . (udcs;1 = 0,J° = 0%) tetraquark resonance
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Summary

Seed Model M " Epole Zp XDk X px g Cciump [N Yimetric

0 2BD 2586.25 2584.33 —i9.72 —0.012+¢0.020 0.997 — 40.084 0.007 + ¢0.000 —0.025 — 7 0.027 - 0.033 + 40.092
1 2BD 2927.97 2897.15 —i27.24 0.008 —i0.060 0.027 4+i0.014 1.009 +40.015 —0.003 4+ 0.003 0.125+ 3 0.022 —0.166 + i 0.006
2  2BD 3087.92 3106.50 —i18.51 —0.011+4i0.020 0.897 +40.027 0.049 — ;0.102 —0.012 — :0.005 —0.001 +40.002 0.079 + i 0.058
0  III 2555.73 2573.27 —i22.87 —0.013+40.024 0.975 —40.093 0.060 + £0.022 —0.041 — 0.025 - 0.019 +:0.073
1 III  2911.51 2905.77 — i24.77 0.009 —i0.018 0.006 43 0.008 0.937 — 30.140 —0.001 +30.001 0.103 +i0.172 —0.054 — 0.023
2 III 3082.80 3140.04 —i29.76 —0.012+4i0.017 0.678 +:0.012 0.274 — i0.084 —0.008 — i0.004 0.000 +30.005 0.068 + i 0.056
0 TGE 2666.40 2638.47 — i129.25 0.066 —40.012 0.010 — 40.022 0.038 — 40.039 0.969 + ¢ 0.012 = —0.083 + 1 0.061
1 TGE 2955.67 2928.76 —i29.98 —0.096 +40.022 —0.104 + i0.033 1.074 — i0.011 —0.023 —i0.060 0.029 —0.091 0.120 + 0.106
2 TGE 3171.45 3224.74 — i122.26 —0.001 4+i0.013 0.420 +40.103 0.549 — i0.111 —0.007 — 40.001 0.000 +30.003  0.039 — i 0.006

EXP masses

B3 = (2866 +74+2) —i(28.5 £ 6+ 2) MeV,
EX3 = (2914 4 11 £ 15) — (64 £ 11 £ 11.5) MeV,
EA%° = (2883 £ 11 +8) — i(43.57 35 . +8.5) MeV.

Mass estimate: Mgxp =~ Mogp < My < Mrgg

TGE can explain why seed-0 and -2 do not appear in experiments: too broad (noise-like)
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   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  𝒑


   𝛼 s < 1


  𝒑


   𝛼 s ≫ 1


  →


  →


  SU    ( 3 ) C


  ↔  𝝁 1 ⋅  𝐁 2


  X ∈ { 2 BD , III , TGE }


  U    ( 1 ) A
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   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )
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  X ∈ { 2 BD , III , TGE }


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )
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   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )
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   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )
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  P


  H =  (      H  P P  bare   H  P Q    H  Q P   H  Q Q  ( 0 ) +  V  Q Q  long − range )


   q -  q - q q
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  ⋯


  ⋯


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  P


  Q


   H  Q P ≃  H  P P


  Q


  P


  H =  (      H  P P  bare   H  P Q    H  Q P   H  Q Q  ( 0 ) +  V  Q Q  long − range )
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     d -


    c


    s


  𝜋 ,   𝜌 ,   𝜔 ,   𝜎 ,   𝜂 , ⋯ )


  ⋯


  ⋯


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  𝜋 ,   𝜌 ,   𝜔 ,   𝜎 ,   𝜂


  𝜌 ,   𝜔 ,   𝜎 ,   𝜂


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  D K →  D ∗  K ∗


  𝑸


  Q = { D K ,    D ∗  K ∗ }


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  D K →  D ∗  K ∗


  𝑺


  𝛿 (  𝐑  D K )


  Λ = 1


  ( 𝑸 )


  ( 𝑷 )


   H  eff ( E ) =  H  P P  bare +  H  P Q  1  E −  H  Q Q + i 0  H  Q P


  H


   Ψ   𝒥 P M ∈  P  eff  


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  = diag  (   M 0   ( 0 ) ,  M 1   ( 0 ) ,  M 2   ( 0 ) , ⋯ )


  det  [  E 𝟏 −  M   ( 0 ) − Σ  ( E ) ] = 0  


   𝑻  𝒄 𝒔 𝟎  (  𝟐 𝟖 𝟕 𝟎 )


  = diag  (   M 0   ( 0 ) ,  M 1   ( 0 ) ,  M 2   ( 0 ) , ⋯ )


  det  [  E 𝟏 −  M   ( 0 ) − Σ  ( E ) ] = 0  


   D ∗  K ∗


  |    Ψ P ⟩ =  ∑   {   𝜈 i , 𝒞 }   𝜙   𝜈 1  (   𝐱 𝒞 )    𝜙   𝜈 2  (   𝐲 𝒞 )  𝜙   𝜈 3  (   𝐳 𝒞 )


                                  +  ∑  {  𝜈 i ′ , 𝒞 }   𝜙   𝜈 1 ′  (   𝐱 𝒞 )    𝜙   𝜈 2 ′  (   𝐲 𝒞 )  𝜙   𝜈 3 ′  (   𝐳 𝒞 )


  D K


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


   M  D K <  M 0   ( 0 ) <  M   D ∗  K ∗ : ( − , + )


   M   D ∗  K ∗ <  M 1   ( 0 ) : ( − , − )


   M   D ∗  K ∗ <  M 2   ( 0 ) : ( − , − )


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


  det  [  E 𝟏 −  M   ( 0 ) −  g 0 2 Σ  ( E ) ] = 0 ,


   g 0 ∈  [  0 , 1 ]


   Γ   K ∗ = 0


   M   D ∗  K ∗ →  M   D ∗  K ∗ − i  Γ K ∗ / 2 ,


   Γ   K ∗ = 47 . 3   MeV


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


   D   ( 𝜼 )  ( E ) ≡ E 𝟏 −  M   ( 0 ) −  g 0 2 Σ  ( E )


  ⇒


   𝑻  𝒄 𝒔 (  u -  d - c s ; I = 0 ,    J P =  0 + )


   M  EXP ≃  M  2 BD <  M  III <  M  TGE

