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Purpose:

To present an analysis of the η and η’ 
transition form factors in the space-like region at 
low and intermediate energies in a model-independent way 
through the use of rational approximants

Motivations:

●

●

To extract the slope and curvature parameters of the TFFs 
as well as their values at zero and infinity from 
experimental data

To discuss the impact of these results on the
mixing parameters of the η and η’ system and the 
pseudoscalar-exchange contributions to the HLBL 
scattering part of the muon anomalous magnetic moment



Outline:

● Pseudoscalar transition form factors

●

● Impact on η-η’ mixing parameters 
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● Pseudoscalar transition form factors
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● Pseudoscalar transition form factors

B. Aubert et al. (BABAR Collaboration), PRD 80 (2009) 052002

π0 TFF

S. Uehara et al. (BABAR Collaboration), PRD 96 (2012) 092007



● Pseudoscalar transition form factors

@ low-momentum transfer:
slope (related to charge radius)

curvature

or
axial anomaly
(not for η and η’) exp. decay width

@ large-momentum transfer:

F (Q2) =

Z
TH(x,Q2)�P (x, µF )dx

convolution of perturbative and 
non-perturbative regimes

TH(�⇤� ! qq̄) �P (qq̄ ! P )

@ lowest order in pQCD



● Padé Approximants

Q2F⌘(0)�⇤�(Q
2, 0) = a0Q

2 + a1Q
4 + a2Q

6 + . . .

PN
M (Q2) =

TN (Q2)

RM (Q2)
= a0Q

2 + a1Q
4 + a2 +Q6 + · · ·+O((Q2)N+M+1)

simple, systematic and model-independent
parametrization of experimental data in the 
whole energy range (better convergence)

Fitting method: use of different sequences of PAs

●How many sequences?
depends on the analytic structure of the exact function

●How many elements per sequence?
limited by exp. data points and statistical errors



● Padé Approximants

How to ascribe a systematic error to the results?

test the method with a model try different models

P. Masjuan, PRD 86 (2012) 094021

slope
curvature 21% of sys. error

5.6% of sys. error

● Log model:

● Regge model:

slope
curvature 9.4% of sys. error

2.9% of sys. error

P. Masjuan, S. Peris and J.J. Sanz-Cillero, PRD 78 (2008) 074028



● Application to η and η’ TFFs

To use the P[N,1](Q2) and P[N,N](Q2) sequences of PAs 

single resonance dominance

asymptotic behaviour

η TFF η’ TFF



● Application to η and η’ TFFs

Slope: η TFF η’ TFF

Curvature:



● Results

Slope and curvature:

Comparison with other results:

ChPT: bη=0.51, bη’=1.47

VMD: bη=0.53, bη’=1.33

cQL: bη=0.51, bη’=1.30

BL: bη=0.36, bη’=2.11

CELLO: bη=0.428(89), bη’=1.46(23)

CLEO: bη=0.501(38), bη’=1.24(8)

Lepton-G: bη=0.57(12), bη’=1.6(4)

MAMI: bη=0.58(11), WASA: bη=0.68(26)

NA60: bη=0.585(51)

Disp: bη=2.05(+0.22)(-0.10), bη’=1.58(+0.18)(-0.13) η,η’→γ*γ



● Results

η,η’→γγ decay widths (TFFs @ Q2=0):

�pred
⌘!�� = (0.41± 0.18)keV

�PDG
⌘!�� = (0.51± 0.03)keV �PDG

⌘0!�� = (4.34± 0.14)keV

�pred
⌘0!�� = (4.21± 0.43)keV

Asymptotic values (TFFs @ Q2→∞):

determination of η-η’ mixing parameters



● Impact on η-η’ mixing parameters 

Quark-flavour basis:
✓
fq
⌘ fs

⌘

fq
⌘0 fs

⌘0

◆
=

✓
fq cos[�] �fs sin[�]
fq sin[�] fs cos[�]

◆

pseudoscalar decay constants

large-Nc limit

Decay widths:

Asymptotic expressions:



● Impact on η-η’ mixing parameters 

Results:

η,η’→γγ not included

η,η’→γγ included

η’ TFF used

to compare with:

Update’13 of R. Escribano and J.M.-Frère, JHEP0506 (2005) 029



● Summary and Conclusions

We have analyzed the experimental data on the 
η and η’ TFF at low and intermediate energies with a 
model independent approach based on Padé approximants
(extending the analysis for the π0-TFF)

We have obtained accurate values of the corresponding 
slope and curvature parameters as well as the 
values of the TFFs at zero and infinity

We have quantified the impact of these results on the 
η and η’ mixing parameters

P. Masjuan, PRD 86 (2012) 094021

More experimental data would be desirable (BELLE?)
Forthcoming KLOE-2 and BES-III measurements will be helpful 
in order to build up a solid MonteCarlo generator for data 
analysis and feasibility studies


