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Overview
● Motivation
● “Traditional” form factor models
● What’s new in our parameterisation?
● What new data do we want from colliders?
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Why are we interested in form factors?

Belle 0706.2231

Chiang, Rosen, Shapiro, Handler,
 Olsen, Pondrom 1972

https://arxiv.org/abs/0706.2231
https://inspirehep.net/literature/74909
https://inspirehep.net/literature/74909
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● Hadronic quantities

What is a form factor?

crossing 
symmetry
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BGL / “traditional” parameterisation
● Applies in semi-leptonic decay region
● Dispersion relation, using z mapping and 

defining outer function
● Three slide summary...
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Dispersion relation (1/3)
● Consider                 ~~~O~~~
●

● Sum contains         plus other positive terms
●                                                               

or 
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               conformal mapping (2/3)



12

Define outer function (3/3)
●   
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Define outer function (3/3)
●   
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Define outer function (3/3)
●   

● Then write 
●  

 

● Makes dispersive bound extremely simple!
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What’s new?
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Above threshold form factors
● People have been thinking about extending the 

BGL-type formalism to     decays for a while



17

Buck Lebed 1998
● An issue they discuss is that with                           ,      

    picks up two incorrect behaviours from  
●     has a zero at                =>     blows up 
● Asymptotic behaviour of    as                  leads to  
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What’s wrong? And how do we fix it?
● Neither is physical

– Experiment tells us     is finite near threshold
– And large energy QCD can be used to show 

● What we do: explicitly modify the outer function 
to correct the behaviour in the two limits
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What’s new?
● We have to reproduce 

the    pole in our 
parameterisation

● Hard to see how a 
polynomial expansion 
can fit this behaviour

● Again make it explicit Belle 0805.3773

https://arxiv.org/abs/0805.3773
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The new look
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What about the dispersive bound
● Dispersive bound is of the form 
● With the standard form (                           ), the 

bound nicely simplifies to 
● But with our form (with explicit pole factors), 

doesn’t simplify like that
– We were unable to come up with a form that 

preserves the simple dispersive bound expression
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New parameterisation
●  

– Physical pole at      ✅
– Finite at threshold ✅
– Correct large energy limit  ✅
– Dispersive bound on parameters not manifest  😥

● Let’s feed in some data and see what we get
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Pion proof of concept
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Fitting pion form factor data
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   pole parameters
● We extract the    mass 

and width from our fit
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   pole parameters
● Our N=5 fit gives                 

                               

for    pole location
● Reasonable agreement 

with PDG which comes 
from other methods
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Going forward
● Now we have successful 

proof of concept, we are 
working on the                
form factor 

● Will enable a “global” fit to 
      , covering        ,       , and  



38

Sneak peak at                    
● Now 2 form factors 

(scalar and vector), 
each with two above 
threshold resonances: 
                                     ,      
                                     

● We can fit them!
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What do we want from future 
colliders (/current colliders in the 

future)?
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Semi-leptonic kaon decays
● Current data has internal inconsistencies, e.g. for 

charged kaon decay:



41

Semi-leptonic kaon decays
● Current data has internal inconsistencies, e.g. for 

neutral kaon decay:
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        decays at BESIII or STCF?
● Potentially...
● Very rough BESIII numbers:

– TBD, potentially comparable to KLOE dataset

● And of course more from some kind of future 
charm factory
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Current data on                    decay
● Belle differential data only partially publicly 

available
– 2007 paper gives data file
– 2014 has 3x the data, but only a figure

● BaBar data not publicly available, again only as 
a figure in their paper
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           colliders
● FCC-ee will produce ~ 6 trillion Z bosons, CEPC ~ 

4.5 trillion
●                                     => 150 billion tau pairs

– vs ~ 45 billion tau pairs at Belle II, 0.6 billion at Belle
●                                         => 1.5 billion decays
● Clearly huge potential with respect to current data
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BACKUP
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References
● Talk by Alberto Lusiani @ CEPC Flavor Physics 

Workshop 2023 
(https://indico.ihep.ac.cn/event/19839/contrib
utions/138731/)
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Current Vus from tau
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