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Meson-meson interaction is important, e.g., some XYZ states
[X(3872)- - -] lie very close to the two-meson thresholds.

ChPT has been widely used to study low-energy hadronic
processes and achieved many SUCCESSES N. Fettes 2000; D. R. Entem 2015.
Similar to the HBChPT in the light flavor meson-baryon and
baryon-baryon interaction, one can use HMChPT to deal with the
charmed mesons.

Detailed calculations of light pseudoscalar meson-heavy meson
scattering lengths up to order p* in SU(3) HMChPT v Liu2000:5.L.
Huang 2022. Present calculations concern the partial-wave phase
shifts and the nature of the D};(2317).

In this talk: the light pseudoscalar meson and heavy meson
interaction based on the paper:

@ B.-L.Huang, Z.-Y. Lin, K. Chen and S.-L. Zhu, Eur. Phys. J. C (2023) 83: 76.
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Light meson and heavy meson interaction in SU(3) HMChPT Chiral Lagrangian

Chiral Lagrangian

Eight light meson fields in terms of the traceless hermitian 3 x 3
matrices ¢:

\/léﬂo + \/lén ot K+
o =2 T —\/léwo + \/lgn K° ’
K- K° ~2
NG

with the SU(3) matrix U = ¢2 = exp(i®/f).

P=(D° D*,Df), P = (D%, D™ D{*),,

1+y

e
— (Pt +iPys),  H=(P:iy" + iPlys)
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Light meson and heavy meson interaction in SU(3) HMChPT Chiral Lagrangian

Chiral Lagrangian

The effective chiral Lagrangian:

2 X
£8) = Pe(u,u + f

L) = —((iv- OH)H) + (Hv - TH) + g (Hu,~*1sH) |

E(ﬁd), =co (HH) tr(x+) + ¢1 (Hx4+H) — o (HH) tr(v - u v - u)
—c3(Hv-uv-uH) — cs (HH) tr(u*u,) — cs (Hu'u,H)

Lﬁ; =kt (H[x—, v - ulH) + ixz (H[v - u,[v- 0, v - u]]H)
+ irg (H[u", [v - 0, u ]|H) .
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Light meson and heavy meson interaction in SU(3) HMChPT Feynman diagrams
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Light meson and heavy meson interaction in SU(3) HMChPT Feynman diagrams

Feynman diagrams
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Light meson and heavy meson interaction in SU(3) HMChPT T matrices
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Light meson and heavy meson interaction in SU(3) HMChPT T matrices

T matrices

The T matrix with the three orders read

2w, 1
T{y? = 2 + f—2[800m§ +deym2 4 2cowW2 + caw? + 2¢4(W2 — ¢°2)

1
+ C5(W72r - ¢?2)] + 5[16/%1 M2 W, + 4RpWS + 4Rz, (W2 — g°2)]

12f4 — 8w, [3Jo(— Wy, Mk ) + 4do(— Wy, M) — 9do(Wir, M)

— 17J0(W7T, mﬂ)] + 12/2(1', mK) -+ 16/2(t, mﬂ)},
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Light meson and heavy meson interaction in SU(3) HMChPT T matrices

T matrices
7O _ 2WK [80m + 8ci M2 + 20,W2 + 2c3W + 2¢4(WE — G22)
R f2 0k 17K 2K 3K “Wk =4

1 _ _ _
+ 205(W2 — g°2)] + %[1 6R1 Ma Wi + 4RaWs + 4rawi(WE — g°2)]

12f4 K {Bwi[2do(— Wi, M) + 24dy(Wi, my) + 22Jo( Wi, M)
+ J()(WK, mﬂ-)] — 10/2(1', mK) — 36/2(t, mﬂ—)},

--omitting many more equations- - -
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Light meson and heavy meson interaction in SU(3) HMChPT Phase shifts and scattering lengths
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Light meson and heavy meson interaction in SU(3) HMChPT Phase shifts and scattering lengths

Phase shifts and scattering lengths

The partial-wave amplitudes f,(')(q) are obtained by a projection:

(/) N p
f, 167\/_/ az [T, P(2)],

The phase shifts 5,(')(q) are calculated as (. reties 1998)

6,(’)(q) = arctan[qRef,(')(q)].

The scattering lengths for the S waves and the scattering volumes for
P waves are obtained by

(N = i —2lf(l)
4, q[)“oq 17 (q)
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Light meson and heavy meson interaction in SU(3) HMChPT Bound states of nonlocal potentials
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Light meson and heavy meson interaction in SU(3) HMChPT Bound states of nonlocal potentials

Bound states of nonlocal potentials

The nonlocal potentials can be given by . kaiser 1995)

/ 1 ’ !
V(0,:9) =~ — = f"(q.q)e (@M.
m/w(q)w(q')

The momentum-space SChrédinger equation:(Rubin H. Landau Computational Physics)

9 /
+ al v , =E
aw(g) "9 49" V(a.9)(q) = Ev(q).
The coordinate-space wave function via the Bessel transform

_ [T sin(ar) 2
= /0 dgi(q) a T
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Results and discussion Fitting

Fit to the phase shifts and scattering lengths.

Values Co Cy Co C3 Cy4 Cs R1 Ro R3

G (GeV™") —0.77+£039 1.00 099 -0.86 —088 000 000 002 -092 0.00
¢ (Gev™") -064+0.35 1.00 -0.86 —0.89 0.00 000 001 -093 0.00
¢ (GeV™") -504+1.83 100 095 -051 -041 -001 061 050
cs (GeV™") 547 +157 1.00 -0.36 -045 010 067 0.40
¢4 (GeV™") 8994093 1.00 080 000 037 -0.98
cs (GeV™") -3.08+0.70 1.00 0.00 034 -0.90
R (GeV™?)  0.21+0.04 1.00  0.01  0.00
Rp (GeV™2) 7.81+3.88 1.00 -0.38

Rg (GeV™3) —1.87+1.47 1.00

y3/dof. 8 —0.19

Bo-Lin Huang (IMU)
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Results and discussion Fitting

Using the linear combinations of the LECs

Values

Co+C Co+eCy C3+05 Ry o Ra
Co+ci (GeV™') 0.04+002 100 001 —047 -022 -0.79 0.00
co+cq (GeV™')  0.89+0.02 1.00 -0.09 001 001 0.00
c3+cs5(GeV™') —0.32+0.04 1.00 095 077 0.00

71 (GeV7?) 0.21+0.07 1.00 060 0.00

Rp (GeV™?)  —7.13+0.34 1.00 —0.39

s (GeV2) 6.11+0.14 1.00
x?/d.odf. 19855 = 0.78
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esults and discussi

Fitting
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Results and d| Phase Shifts

60 [ Sensnssns snasssannsanassas
~ 40 -
g & -10)
2 e
£, £ -
= =
7} = 7]
2 -20 j 2 _30)
£ o DaG)Swave E Dr(3/2) P wave
-40)
~60 .
50 100 150 200 250 300 50 100 150 200 250 300
Prap (MeV) Prap (MeV')
80 e
- Dn(1/2) S wave ~ 0 S
o0 73
< 60 2
] g-1
Z 40 z
n 17
3 3 -20
22 H
£ £ Dn(1/2) P wave
-30]
0 .
50 100 150 200 250 300 50 100 150 200 250 300
Pan (MeV) P (MeV)
50 0]
40
o Dyr S wave %10
< 3 i
g )
& 10 b7
g - g -30
£ 0 S £ Dyn P wave
Tl —40|
=20 -
50 100 150 200 250 300 50 100 150 200 250 300
P (MeV) Prab (MeV)

XYZ Particle, 26.7.2023

21/32



Results and d| Phase Shifts

Phase Shifts (deg) Phase Shifts (deg)
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Results and d| Phase Shifts
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Results and discus Phase Shifts
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Results and discussion Scattering lengths and scattering volumes
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Results and discussion Scattering lengths and scattering volumes

Scattering lengths and scattering volumes

Sca.Len. O(p) O(p?) 0O(p°) Total Liu2013 Guo2019
agh, —024 023 -016 -0.17(6) ~0.100(2) ~0.103+553
aylh, 048 023 000 0.71(16) 0.3779% 0.4079%8
agpey 000 006 —0.08 —0.02(0) —0.002(1) 0.01273:9%%
algoky 000 045 024 021(1) 00738 +i0173% 001739 +i0.39%3 %4
algk, 101 280 265 657(318) ~0.841017 ~1.517972
aopk) —051 169 —196 -0.78(19) —0.18(1) -0.20739]
aoory 051 167 -238 —1.21(19) ~0.20(1) ~0.20*39!
agg3ok) 051 -078 286 258(19) 0.84(15) 21.9
aopk) 051 169 078 298(161) —0.09%00 +i0.44700% —0.57+002 4 i0.357008
agp, 000 067 000 0.67(9) 0.297335 +i0.6115:33
aop, 000 297 000 2.97(139) —0.397383 +0.0675:52
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Results and discussion Scattering lengths and scattering volumes

Sca. Vol.  O(p?) O(p%) Total

ay/hl,  —033 —001 —0.34(6)
1/2

ayp,  —033 002 -031(4)

a1px) —0.40 000 —0.40(4)

alp  —024 000 -024(2)

aln —0.16 005 —0.11(0)

aupx) ~—020 —0.02 —0.22(5)
()

alor,  —020 —0.02 —0.22(5)
(©)

ady, 028 002 —0.26(1)

aupk) —020 0.02  —0.18(1)

aa,on) —-0.22 0.00 —0.22(3)

a4.p. —0.18 000 —0.18(3)
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Results and discussion The D3,(2317) resonance
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Explicitly include D,(2317) in DK(/ = 0)

[’DR = DR(iV -0 — Mg+ MD)DH + (gR <DRV -A D> + hC)

2 ~2
TKD_ f}z( (MR—MD—WK—FMR—MD-FWK)'

g2H = 0.81 £+ 0.04 by using the lattice scattering length —1.33(20) fm

=2
A(1405) — g3 = 0.15.
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Bound state of the DK(/ = 0)

A = 340 MeV
— binding energy AE ~ —45.8 MeV, mass M ~ 2317.6 MeV.

__1.0r
g
:E 0.8l DK(®) S-wave :@
S
5 0.6 g
g §
v °
% 0.4 Qt_
= = =13 ]
s 0.2 N T e
=
©
oc

0.0

0 1 2 3 4 5 0.0 1.0 2.0 3.0 4.0 5.0
r(fm) r(fm)

(N. Kaiser 1995)

Root mean square radius: 1.1fm (DK) «+— 1.3fm (NK)
D;,(2317) and A(1405) are probably molecular states.
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Summary and Outlook

Summary and Outlook

@ T-matrices to the third order for light meson and heavy meson
scattering in SU(3) HMChPT.

@ Physical quantity for light meson and heavy meson scattering.
@ The nature of the D,(2317).

@ Outlook

Higher-order calculations.

Including the D* meson.

Combining with more Lattice QCD data.
Finding the more bound states or resonances.

©

© 06 o

Bo-Lin Huang (IMU) XYZ Particle, 26.7.2023 31/32



Thank you for your attention!
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