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Motivation
e LHCb phenomenology, b baryon physics.
e First step: better control of chiral extrapolations in lattice calculations.

e Heavy hadron decay widths.



Outline*

e Introduction: HHxPT in finite volume.
e T he axial currents and axial couplings at NLO.
e Impact on (recent) numerical calculations.

e Conclusion.

* For simplicy, I only present SU(2) “full QCD" results in this talk.



Single-HQ hadron states in HHyPT

e Heavy mesons,
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e Heavy baryons with s; =0 (s = 1/2),
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e Heavy baryons with s; = 1,
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Symmetries in HHyPT

e Heavy-quark spin, Sy : HZ@ — HZ.(E)Sh_l, and similarly for T and S*.
e Chiral, L x R.

e Unbroken light-flavour, U(x):
HP(2) — U, (2)HP(2), Ty — U (@)U, (@) T, S — U H (@)U, (2) S,

= Use the "¢-basis” for the Goldstone fields.
— t=exp (iP/f) = V.
— &(z) = L &(2) Ul(z) = U(x) &(x) R

— Vector and axial fields transform involving only U(x),

Vh = % (¢Tore + corel), Ar = % (¢Tore — corel) .

— Vector field transforms like “gauge field" .



HHYPT Lagrangian

G.Burdman and J.Donoghue; P.Cho; M.B.Wise; T.M.Yan et al.; circa 1991.
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e HH’'s are (almost) onshell, with fixed velocities.

e Chiral covariant derivatives involve the vector field, V*.
e A does not vanish in the chiral and HQ limits.

o Three LEC's in £{£9) not well determined.

e More mass splittings from higher-order terms in the xy and HQ expansions.



Generic one-loop structure
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(wavefunction)
e Self-energy and sunset are O(g%m) higer compared to tadpole.

e Generic NLO formula

A = ALQ (1 + 92L + QIQL, + LN) + -ANLO—anaIytic-



One-loop HHYPT in finite volume
D.Arndt and C.-J.D.L., 2004.
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e Pions wrapping around the spatial volume.
= replacing integrals by sums in loops.

e Effects reduced in self-energy and sunset due to virtuality.



AXial currents
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+v2g3 [( ,u’TH_)T) + (TTZ-(J-:Z)SM)J -+ higher order.

o 71 = (&lr¢ + €myel) /2, where (7i5),, = udji.
e ODbtained using the Noether theorem.

e Matrix elements,
<B*‘ ]/,L‘B> = —2(91)er EZ,
(Skil T lSk) = ——= (92)er v eopp” U?,
(Sl T35, u|TkZ> = —(93)err Up U.
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Individual loop contributions: (g1)eff
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Individual loop contributions: Re[(g2)effl

|
1.0
0.8 B
— Leading order
— 06k — Tadpole -
&5 ) — Wavefunction renormalisation

N —S t
§ 0.41 unse |
o)
0.2

0.0

—0.2

| | | | |
0.000 0.025 0.050 0.075 0.100 0.125 0.150
M? (GeV?)

gp=1, ,93=+V2/2, u=4anrf



Individual loop contributions: Re[(g3)eff]
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Comparison with (H{|Hom) result

e Tadpole in (Hi|Hom) is 1/3 of that in (gi)efr-

= It cancels with pion wavefunction renormalisation.

e For (gl)efr and <P*|P7T>,
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Impact on recent numerical computations
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Impact on recent numerical computations
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Conclusion and outlook
Correct xPT formulae for (g1,2,3). Obtained at NLO.
Non-negligible effects on the recent, previous determination of g;.
Our numerical results are reported in Will Detmold’s talk.

Use these couplings to control chiral extrapolations for heavy-hadron
physics.



