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Doubly charmed baryons
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Doubly charmed baryons

Baryon chiral perturbation theory (BChPT)
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Doubly charmed baryons

Scattering lengths in BChPT Determination of LECs
. on Lattice
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Determination of LECs
on Lattice
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Simulation in Lattice QCD

Goldstone boson operators
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Determination of LECs
on Lattice

Operators

Phase shift f.:

Simulation in Lattice QCD

Two-particle operators
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Simulation in Lattice QCD

Determination of LECs

on Lattice Two point correlation function
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Simulation in Lattice QCD

Determination of LECs
on Lattice

Four point correlation function
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Simulation in Lattice QCD

Determination of LECs
on Lattice
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Simulation in Lattice QCD

Determination of LECs

on Lattice _ _ o
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Lattice setup

Gauge configurations from CLQCD

Ensembles B L3 xT lattice space(fm) am; ams Neont.
1 6.2 243 x 72 0.108 —0.2770  —0.2400
2 6.2 323 x 64 0.108 —0.2770 —0.2400
3 6.2 323 x 64 0.108 —0.2790 —0.2400
{5 6.41 323 x 96 0.080 —0.2295
7 6.41 32° x64 0.080  —0.2320 —0.2050
8 6.41 483 x 96 0.080 —0.2320 —0.2050
9 6.72 483 x 144 0.050 —0.1850 —0.1700

The results presented in this talk are based on

* Two ensembles of gauge configurations with dynamical quark flavors.

* tree-level Symanzik-improved gauge action.

* Shekholeslami-Wonhlert fermion action with tree-level tadpole improvement

quark smearing

Charm quark mass

* Determined by physical spin-averaged mass
of . and J/¥

e DCB mass deviate from continuum

dispersion relation due to lattice artifacts
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L attice setup

Smearing

e Signal-to-noise ratio

* Quark smearing method: Jacobi smearing, distillation smearing, ......

Distillation quark smearing method

3 Nev
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* M. Peardon, J. Bulava, J. Foley, C. Morningstar, J. Dudek, R. G. Edwards, B. Joo, H.- * Perambulators and eigenvectors are
W. Lin, D. G. Richards, and K. J. Juge, Phys. Rev. D 80, 054506 (2009). generated from CLQCD ensembles.

 R. G. Edwards, J. J. Dudek, D. G. Richards, and S. J. Wallace, Phys. Rev. D 84, * The number of eigenvectors is set to
074508 (2011). N, = 100.

* C. Egerer, D. Richards, and F. Winter, Phys. Rev. D 99, 034506 (2019).
 H. Xing, J. Liang, L. Liu, P. Sun, and Y.-B. Yang, arXiv:2210.08555 [hep-lat] (2022).

* Contraction done by opt_einsum

package in Python.




Results

BChPT scattering length results 7= Liang, P-C. Qiu, and D.-L. Yao, JHEP 07, 124 (2023), L. Meng and S.-L. Zhu, Phys. Rev. D 100, 014006 (2019).
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Single particle effective mass
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Two particle effective mass

Results

0. K(-2,1/2)

Z.K(1,1)

E.K(1,0)

Eecrt(0,3/2)

L32

4.1955(12)

4.1171(17)

4.0971(19)

3.9073(19)

L48

4.2091(12)

4.1340(12)

4.1276(12)

3.9215(14)

L 4 4.550 — 4.50 4.50 4.350
® OmgccKbar ® Xicck 11 o ® Xicck_10 ¢ ¢ ® XiccPi
4.525 ® ¢ 4.325 4
¢ 4.45 - 4.45 -
4.500 ® 4.300 4
o ¢ ’ ¢
4.475 ® ¢ 4.275 - ®
—_ 1 L 4 — 4.40 - — 4.40 - ® —_
3 ® 3 ® 9 3 3
O 4.450 P ) % ) ¢ ©. 4.250 - ’6
g * o 0 g Sovb & L | g 0 v & 0 o
1455 - ® ++ + + ! 4.35 - ¢ ’ + + +4l | 4.35 A 0. 4.225 - ® “ +
LAY ¥t ele ®o0b Y ®
® ? : ’ ¢ + ® o +
4.400 - 0 + |9 o® ® 4.200 - o
4.30 - : 4.30 - ++ +
4.375 - ‘ 4.175 - ?
4-350 T T T T T T T T T 4-25 I T T T T 4-25 T T ‘ T ? 4-150 T T T
0 5 10 15 20 25 30 35 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40
7] 7] 7] 7]
- 4.70 4.65 : :
L32 ® Omgcckbar "L ® Xicck 11 . ® XiccK 10 4375 1 $ XiccP
4.66
¢ 4.550 .
4.65 - 4.60 -
® ‘ ? ® ®
4.64 o ® ° 4.525 -
® ° ®
= o 4607 _ ° ¢ ® — 4.55 1 ° — 4.500
= 462 1 ¢ = ® - ® e 4.475 1 ®
Q & LY . Q . Q
S Poud + ® E 455 - oo + & 4550 - oo ® & ¢ ¢
4 ++ + + ®ost,, b + ®, v + 4.450 - ®o, \
4.60 1 + + b + ob ¢“++ +
4.50 4.45 - 4.425
4.58 4.400 -
4.45 T T T T T 4.40 T T
0 10 20 30 40 0 10 20 30 40 0 10 20 30 40 0 10 20 30 40




Q K- Q. K(-2,1/2)

Results
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Summary and outlook

Summ ary (s, 1) Scattering Connected(C)/ (S, 1) Relation to
channel Disconnected (D) D¢ scattering

» Better understanding of hadron spectroscopy. O — QR O 2,1) D.K — D.K
* Determination of LECs in BChPT. CL1) Oen = en C 1.1) Dot =3 Dy
EccK — EccK DK — DK

 Examination of the validity of HDAS. Onrt 5 2R Dor — DK
A virtual state in (S,7) = (1,0) channel. (=1,0) ZecK = EecK D (1,0) DK = DK
Qcc'] — Qcc'] DS” — DS”

Outlook Ze K = Ocety DK — Dy
. HeeK = E.K C —-1,0 DK — DK

 More interpolators. - 0 -

K = E.K C (-1,1) DK — DK

* Coupled channels. S R x 5 o) D

* Lighter pion mass ~ 220 MeV. Secl] = Secl] P = D
QK — QK DsK — DsK

» Chiral extrapolation. BT = Boer D7 — D
Eee — QK D — DK

Zect] = QK Dy — DsK

, 3 EccTt — Eeemt C (0,3) Dr — Drt




