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@ ChPT has been widely used to study low-energy hadronic
processes and achieved many SUCCESSES (N. Fettes et al, Nucl. Phys. A676 (2000)
311; D. R. Entem et al., Phys. Rev. Co1 (2015) 014002). Similar to the HBChPT formalism
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 (. -r. Liu et at, Phys.
Rev. D79 (2009) 034026). PPresent calculations concern the fourth order
contributions, the non-perturbative results, and the partial-wave
phase shifts.

@ In this talk: the light pseudoscalar meson and heavy meson
scattering based on papers:

@ B.-L.Huang, Z.-Y. Lin and S.-L. Zhu, Phys. Rev. D105 (2022) 036016;
@ B.-L. Huang, Z.-Y. Lin, K. Chen and S.-L. Zhu, arXiv: 2205.02619
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Light meson and heavy meson scattering in SU(3) HMChPT Chiral Lagrangian

Chiral Lagrangian

meson and heavy meson fields

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

\l@ﬂo—i— \/lén T K+
— 1.0 1 0
¢ - \/5 ™ _Téﬂ- + 7617 K )
K- K° 2
\/677

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

P =(D° D", DY), P = (D%, D™, D),
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Chiral Lagrangian

Leading order Lagrangian
The effective chiral Lagrangian:
Lo = £2) + £85) +£8) + £ + £4).

Lowest-order Lagrangians for meson-meson and meson-heavy meson
interaction

f 2
52,22 = _tr(uuuﬂ +X+)s

£4) = —((iv- OH)H) + (Hv - TH) + g (Hu~*1sH) |

higher-order Lagrangians involving low-energy constants, see ref. e
Huang, Z.-Y. Lin and S.-L. Zhu, Phys. Rev. D105 (2022) 036016;)
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Light meson and heavy meson scattering in SU(3) HMChPT Feynman diagrams
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Light meson and heavy meson scattering in SU(3) HMChPT

Feynman diagrams
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Light meson and heavy meson scattering in SU(8) HMChPT T matrices
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Light meson and heavy meson scattering in SU(3) HMChPT T matrices

Threshold T matrices

The threshold T matrix with the four orders read

)y 2(400 + Co + c4)mf( m,2< .
Tok _{0} * { f2 }NLO + {87r2f,‘} Li(mic, m”)}NzLo
28 mj 1
— 192¢coM(40,—5,7) — 96¢1[M(48,5, -5
+{ 7 ootz o2oMl )~ 96erM(

+ 36my(m2 + m)Li(mg, m;)] — 6c,M(1,-8,7)
— c3[M(1753,—8,19) + 1728m3 Li(my, m;)] + 48c4M(40, —5,7)

fe— - 3 j
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Light meson and heavy meson scattering in SU(3) HMChPT T matrices

T matrices with g

The T matrix with the three orders read

7(1/2) _2Wr

1
7N +f2[800m +4c1m —|—202W +03W +204(W -q z)

+ cs5(wW? — ¢?2)] + [1(3/%111772TW7r + 4R W2 + 4Raw, (W2 — G°2)]

7'('

12f4 {BWW[SJO( Wr, mK) + 4J0(_W7r7 mﬂ) - 9J0(W7ra mK)

- 17J0(W7T, mﬂ-)] + 12/2(t, mK) + 16/2(t, mﬂ)},
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Light meson and heavy meson scattering in SU(3) HMChPT Phase shifts and scattering lengths
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Phase shifts

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

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

. /
The phase shifts 5,( )(q) are calculated as (. Fettes ot af, Nucl. Phys. A640 (1998) 199)

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)
a q[)“oq 17 (q).
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Scattering lengths

The S-wave scattering length is defined through:

a——M Ti
- 87T(M+m) ths

For a single channel separable potential, the scattering lengths is
given by (. kaiser etal, Nucl. Phys. A594 (1995) 325)

1 _
a= agom(1 — EM aBorn) '

Here agom includes the contributions from all the diagrams except for
the iterated diagrams.
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Results and discussion Scattering lengths to the fourth order
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Results and discussion Scattering lengths to the fourth order

Fits through the perturbative formula

Fit p1 Co C3 Cs Cs R &4 &
¢ (GeV™') 053+312 100 -083 -099 083 090 -025 -073
cs (GeV™") —2.82+3.59 1.00 090 -099 -086 067 049
¢ (GeV™) —0.26+2.71 1.00 -090 -091 038 069
cs (GeV™") 3.22+4.44 1.00 086 -0.67 -049
7 (GeV™®)  0.87 +0.51 1.00 -0.33 —0.85
8 (GeV™®) —0.44+1.30 1.00 -0.18
& (GeV™®) —6.15+4.54 1.00

x2/dof. 24 =114
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Results and discus Scattering lengths to the fourth order

Scattering lengths through the perturbative formula
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Results and discussion Scattering lengths to the fourth order

Scattering lengths through the perturbative formula

Fitpt  O(p) O(p?) op?) o(p*) Total

al) 000 007 -012+0.19i 0.09—0.13/ 0.04(3)+0.07(16)i
a% 051 029 0.77 0.41 1.98(93)

a)l 025 0.18 ~0.49 0.33 —0.23(3)

all 025 -0.04 0.73 ~0.16 0.80(6)

apx —0.26 0.18 —0.38 0.24 —0.21(7)

apx 026 018 0214029 0.33+0.19/ 0.97(47)+ 0.49(22)i
a¥®  _012  0.02 —0.04 0.04 —0.09(3)
ay/® 024 002 0.02 —0.01 0.27(2)

ap,, 0.00  0.01 —0.04 0.05 0.02(2)
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Results and discussion Scattering lengths in the iterated method
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Scattering lengths in the iterated method
Fits through the iterated method

Fit ut Co C3 C4 Cs R & & o

¢ (GeV™") —460+458 100 —092 —-099 089 092 070 075 0.19
03 (GeV™") 3324342 1.00 094 -098 —087 —057 —0.71 —0.10
¢ (GeV™")  4.10+3.47 100 -091 -092 —068 —075 —0.17
cs (Gev™") -511+£3.73 1.00 092 044 078 —0.07
R (GeV™?) —0.06+0.17 1.00 041 077 -0.19
& (GeV™®) 2.38+1.65 1.00 0.39 0.80
& (GeV®) -578+1.83 1.00 —0.11

1 (GeV)  1.03+0.36 1.00

y3/dof 2% =130
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Results and discus Scattering lengths in the iterated method

Scattering lengths through the iterated formula
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Results and discussion Scattering lengths in the iterated method

Scattering lengths through the iterated formula

Fit ut Fit u2 Fit u3 Liu2013 Guo2019
al)  —0.03(4) —0.01(3) —0.06(1) 0.07:9%+i0.17:9% —0.01%9%5 +i0.39+0.%
a)  —155(39) —1.42(28) —1.67(45) -0.8412%7 -1.511972
al)  —023(2) -0.24(2) —0.21(1) —0.20(1) —0.20+99
a9 876* 1.81(48) 8.95* 0.84(15) 21.9*
apk —0.14(3) —0.17(3) —0.14(1) -0.18(1) -0.20109!1
api 0.14(36) 37158  0.05(18) —0.09%598 +j0.4475%% —0.57+3%8 + i0.35+5:%%
a®?  _0.07(4) -0.06(2) —0.05(1) ~0.100(2) ~0.103+99%
ah/®) 1.45(169) 061(11)  6.00* 0.37+0%3 0.4010%3
ap,,  0.02(3) 0.03(2) 0.05(2) —0.002(1) 0.012+3:508
ap, —0.04(14) 0.03(8) —0.09(2) 0.29%32% + i0.6175:39
ap,, —0.18(8) 0.03(16) —0.19(2) ~0.39739% + i0.0670:5
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Results and discussion Mesons and doubly charmed baryons scattering

Mesons and doubly charmed baryons scattering

Meson and doubly charmed baryon (=.; and Q. ) scattering lengths
were estimated based on heavy diquark-antiquark (HDA) symmetry.
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Results and discussion Mesons and doubly charmed baryons scattering

Scattering lengths in the perturbative formula

Fitp1  O(p)  O(p?) O(p®) O(p*) Total

al 028 0.20 ~0.55 0.37 ~0.26(3)

al 028 —0.04 0.82 ~0.17 0.89(7)

al) 000 008 -013+022/ 0.10-0.14/ 0.05(3)+0.08(18)i
aQ) 056 032 0.86 0.46 2.20(103)
aka, 028 020 023+033 036+021/ 1.07(53)+0.54(24)i
aga, -—0.28 0.20 ~0.42 0.27 ~0.23(8)
a¥? o012 003 —0.04 0.04 —0.10(4)
a’» 025 003 0.02 ~0.01 0.28(2)
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Mesons and doubly charmed baryons scattering
Scattering lengths in the iterated formula

Fit u1 Fit u2 Fit u3 Guo2017
al  -0.24(3) -025(2) —0.22(2) ~0.19+0:02
ael  —6.15" 2.81* —5.04* 5.2,-3.6,—1.4
al)  -004(4) —001(3) -0.06(2) -0.227374+i0.45735
agl  —1.19(21) —1.29(24) —1.20(19) ~0.49%513
ako, 0.16(43)  -7.80*  0.06(20) —0.5531%+0.137519
agq, —0.15(3) —0.18(3) —0.15(1) -0.1979%2
a¥?  —007(3) -0.07(2) —0.05(1) ~0.09599%
al’® 173 065(12)  16.26* 0.55+918
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Results and discussion Phase shifts to the third order
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© Results and discussion

@ Phase shifts to the third order
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Results and discussion Phase shifts to the third order

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
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esults and dis Phase shifts to the third order
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Results and d| Phase shifts to the third order
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Results and d| Phase shifts to the third order

Phase Shifts (deg)

Phase Shifts (deg)
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Results and discussion
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@ Threshold T-matrices to the fourth order for light meson and heavy
meson scattering in SU(3) HMChPT.

@ Scattering lengths for light meson and heavy meson scattering
using perturbative and nonperturbative methods.

@ Mesons and doubly charmed baryons scattering based on the
HDA symmetry.

@ Phase shifts to the third order for light meson and heavy meson
scattering in SU(3) HMChPT.

@ QOutlook

Higher-order calculations.

Including the DZ,(2317) resonance.
Nonperturbative calculations.
Combining with more Lattice QCD data.

©

© 6 o

Chiral EFT, Nanjing, 15.10.2022 34/35



Thank you for your attention!
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