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> QCD Strong interaction

Asymptotic Quark Chiral
I.=reedom Confinement Symmetry
(high energy) (low energy)

The corresponding phenomenon
locates at low energy region:
Non-perturbative, quark
confinement

Chiral perturbation theory | —

Hadronic degree of freedom (meson and baryon)

effective theory of strong interactions at distances ~Mpi~ {-1}



Chiral symmetry -> the light quark

Lagrangian
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strong interactions ->parity, charge conjugation
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- Power counting

Infinit terms of the constructed Lagrangian, infinit free paremeters
we need to assess the importance of a certain diagram

Weinberg's scheme: | | (for Goldstone mesons)

a‘ ~ |p‘ ~ ‘MGoldstone ‘N Q << AO

 The amplitude of Feynman diagram can be expanded by
powers of momentum and masses of Goldstone mesons
(mt, Kand n)

- the Lagrangian can be classes by different order.
derivative -> momentum, terms containing meson mass.



D =4Np —2Iy + )Y _2nNj,

n=1

extending to both mesons and baryons

D =4N,—2Iy —Ig+) 2nNy +> nNZ.
mi=1

n=1

- The nonzero mass of the baryon in chiral limit breaks
the power counting.

v’ Extended-on-mass-shell (EOMS)

v’ Heavy-Baryon chiral perturbation theory (HBCHPT)
v Infrared BChPT




v’ Extended-on-mass-shell (EOMS)

= Ultraviolet (UV) divergence: Dimensional regularisation, MS-1 subtraction
= PCB terms: polynomials, removed by redefinition of LECs

in Effective Lagrangian

v Scale independent
v Correct power counting (respectively faster convergence)
v keep original analyticity and all assumed symmetries

From De-Liang Yao's talk
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Doubly heavy baryon mass under EOMS renormalization
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The estimation of the axial vector charge gg4

Heavy diquark symmetry J. Hu and T. Mehen, PRD 73. 054003
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g,=-9g/3=-0.2

C1, C; and m still unknown

The heavy quark expansion | m= g+ 2m, +a/m,+ O(1/m?)
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Fitting the lattice data
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m SREEEME,)=3.48~3.74GeV
0.508 + 0.0663.608 0.218[3.6630.223 M(€2,.)=3.59~3.86GeV
0.591 £ 0.02813.585+ 0.166| 3.640:0.173 19y [$§AQCD:M(E,,) =3.51~3.67GeV
0.508 + 0.0703.608+ 0.225(3.663+0.230 M(Q, ) =3.68~3.76GeV

LHCb: M (E) = 3621.40 + 0.72 (stat) £ 0.27 (syst) £ 0.14 (A) MeV
M=3620.6+1.5(stat) +0.4(syst)+0.3(Z.) MeV
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Doubly heavy baryon mass under EOMS renormalization
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Spatial charge and moment densities:
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rescattering effects s p/w/¢ resonances
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Sachs Form Factor
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electric and magnetic radii
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Contributions to uB for the double-charm baryons

Tree Loops HB Loop HB [un]|Loop EOMS [uy] Ref. [31]
2+ Zog + 4o |- A [M;ﬂ 4 Memae || 9g2 ~121g2 -
1-fog+doy| G 0.60g2 0.80g2 0.425(29)
[ - Leg+dcy B E& 1.46g2 1.59¢ 0.413(24)
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TABLE V. Tree-level contributions to the double charm F| and F; from the chiral Lagrangian (yPT) and

vector-meson diagrams (VM).
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Summary

The mass corrections and the form factors of doubly heavy
baryons are calculated in the frame of EOMS scheme.

The EOMS scheme keep the power counting. And we compare the
difference of the results in HBCHPT and EOMS scheme.

We fit the Lattice data and predict the masses and the magnetic
moments of doubly charmed baryons. Our results are consistent
with other theoretical calculations and the LHCb measurement.
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