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From yesterday’s J. Bijnens’ talk: ‘Do as well as you can’

Constrain as much as possible from experiment & theory, use common sense & improve with time.
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• (No needed here for am & am
HLbL)

• Despite the remarkable advances in both the dispersive computation of am
HLbL and its lattice

QCD evaluation, phenomenological Lagrangian calculations are still useful.

• In this spirit, some recent articles have addressed the question.

• In this work we use chiral invariant Lagrangians to describe the interactions betwen P0

(P=p,h,h’) and the lightest V and P resonances including order mP
2 corrections.

• The combination of data, chiral symmetry relations and short-distance constraints allows us
to determine with improved precision am

P,HLbL.
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In the antisymmetric tensor representation



Lagrangian

P pole contribution with RcL including flavor breaking Pablo Roig

odd

Double trace but
could be enhanced

U(3) explicitly
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in

(Ecker et. al. ‘89)

(GV operator is not quoted) U(3) explicitly
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For vertices involving more than one pseudoGoldstone, the general basis of VJ & VV operators can be found in 
Kampf & Novotny, PRD 84 (2011) 014036.

U(3) explicitly
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P-resonance contributions to the p0/h/h’ TFFs are suppressed as mp
2/MP

2. However, the lightest P nonet need to be 
included to recover the OPE asymptotics of the VVP Green function: Kampf & Novotny, PRD 84 (2011) 014036.



Lagrangian

P pole contribution with RcL including flavor breaking Pablo Roig

P-resonance contributions to the p0/h/h’ TFFs are suppressed as mp
2/MP

2. However, the lightest P nonet need to be 
included to recover the OPE asymptotics of the VVP Green function: Kampf & Novotny, PRD 84 (2011) 014036.

-
U(3) explicitly

P’ effect is equivalent to considering a 2nd V multiplet: Roig & Sanz Cillero PLB 733 (2014) 158-163
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in the large Nc limit

(Cp
2 = Zp)

Computed up to NNLO in 1/NC in Guo, Guo, 
Oller & Sanz-Cillero, JHEP 1506 (2015) 175 

Kaiser & Leutwyler ’00; Feldmann, Kroll & Stech ‘98, ‘99

‘t Hooft ‘74; ‘74; Witten ‘79
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Ideal mixing for V →
mn
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P’0

Needed because we want to use 
the consistent set of SD 

constraints applying to VVP Green 
function & related FFs

Roig & Sanz Cillero
PLB 733 (2014) 158-163

It includes P’V(V) interactions
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in additional material(‘)
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Convenient definitions:

Kampf & Novotny, PRD 84 (2011) 014036

P-dependent coefficient
for the local interaction



TFFs in RcT
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Starred couplings include P-resonance effects
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2 expansion
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Order by order in the mP
2 expansion

Both sets of constraints are compatible, in such a way that

Kampf & Novotny, PRD 84 (2011) 014036
Roig & Sanz Cillero  PLB733 (2014) 158-163
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Order by order in the mP
2 expansion

(Compatible with those found previously in t
decays with odd-intrinsic parity contributions)

U(3) explicitly

U(3) explicitly



TFFs after using SD constraints
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for h’



Fits to (space-like) data
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No time-like data is fitted:
- For q2>0, resonance widths need to be included → Other NLO effects in 1/NC need to be accounted for.

- Observables in this region get large radiative corrections (Kampf, Novotny & Sànchez-Puertas, arXiv: 1801.02027)



Fits to (space-like) data

P pole contribution with RcL including flavor breaking Pablo Roig

In order to stabilize the fit, the decay constants and mixing angles describing the h-h’ system were added as data points

also included in the fit



Fits to (space-like) data
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† Taken from Guo & Sanz-Cillero PRD89 (2014) no.9, 094024

Mr = Mw ~ 775 MeV & Mf ~ 1007 MeV

U(3)
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In order to minimize the fit correlations among the first two parameters:
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(Data from CELLO, CLEO, BaBar & Belle)

All data = Darker red band with dashed borders
Without BaBar p0 data = Clearer green band with dotted borders

Brodsky-Lepage
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Fits to (space-like) data

All data = Darker red band with dashed borders
Without BaBar p0 data = Clearer green band with dotted borders

(Data from LEP, CELLO, CLEO, BaBar & Belle)

Brodsky-Lepage
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Comparison with Czyz et. al.

A WG exercise
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Comparison with Czyz et. al.
Differences

- 3 V multiplets
- Both q2<0 & q2>0 data
- Only masses break U(3)
- Lack of chiral covariance
- SD only for TFF
- All data on same footing
- No stabilization for
h-h’ mixing.



P pole contribution with RcL including flavor breaking Pablo Roig

Comparison with Czyz et. al.
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- Both q2<0 & q2>0 data
- Only masses break U(3)
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Consistency check with related processes
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h-h’ mixing
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P pole contributions to am

Alternative fits

Data 
accuracy
increases
with time

Evaluation with a 
5000 event MC 
accounting for

means, errors & 
correlations
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P pole contributions to am

Alternative fits

Our best fit (excluding BaBar p0 data)

Individual contributions

Evaluation with a 
5000 event MC 
accounting for

means, errors & 
correlations
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Conclusions: P pole contributions to am

Alternative fits

Our best fit (excluding BaBar p0 data)

Individual contributions

All evaluations in 
basic agreement, 

except those using
Melnikov-Vainshtein

SD constraints & 
Dorokhov et. al. 

results with NLcQM
(to be checked against

Lattice final results)
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h-h’ mixing
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