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light by light contributions, theoretical models


Three-point functions π0 → γ*γ*, hadronic contribution 
(light by light)


Melnikov-Vainshtein model  leading log approx


Our work in progress



Precision physics=>solid 
theory

• Accurate theoretical calculation required by 0.5% 
measurement in 1946=> QED and Shwinger 
calculation

Two crucial precise 
measurements 
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Lamb shifts 
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splittings)



















Bess III data





Pion Form Factor

Pion exchange  
diagram dominates 
HLbL 

Off-Shell Pion
116 592 089 +- 63

EXP

Holographic QCD and Hadronic Light-by-Light 
Scattering Contribution to Muon g-2 











Leading Log and large Nc M. J. Ramsey-Musolf and Mark B. Wise  
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Subleading terms from CHPT CT’s:                 
M. J. Ramsey-Musolf and Mark B. Wise PRL 2002
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Melnikov-Vainshtein Limit 


• Other Large N contributions   


• Large N Short distance limit directly in the 4-point 
function


• In this limit it  is possible to write an OPE relation 
linked to the anomaly term

q21 ⇡ q22 � q23

q21 ⇡ q22 � q23
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Melnikov-Vainshtein Limit

• Contribution to two helicity amplitudes: π0 and a1 
exchange


• Model to correctly reproduce this  s.d. limit, 
numerically important



VMD vs 
holography: 
complementary

De Rafael

MHA

Minimal Hadronic Ansatz 
vs holographic models



From CS 


short distance naturally implemented


low energy, various models discriminated: 
acceptable phenom. linear slope measured

Grigoryan and A.V. Radyushkin 

fixed !

Anomalous AdS/CFT three point function Cappiello Cata G.D.

Good models=>phenon. slopes



Our result

A. Nyffeler Seattle 2011

Uncertainty can increase of 10-15 % due to poor knowledge of the parameter χ0  
which we used to encode the pion off-shellness by the high-Q2 constraint
Notice that the low-Q2 predictions for PFF of the holographic 
models could be tested at KLOE-2

Exp.

There are many  
competing  
models: 
ENJL  
(Chiral quark model) 
Lowest Meson  
Dominance 
Hidden Symmetry 
Non-Local ChQM 
Bethe-Salpeter 
Holographic QCD 
Lattice QCD

A theoretical effort  
should be done to 
make them talk to  
each other



Cappiello GD Greynat 



Mellin transform
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DIP form factor to warm  up 
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c� = 9.5

c� = 19
M. J. Ramsey-Musolf and Mark B. Wise PRL 2002
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Work in progress

• MV limit in holographic model (form factor)


• duality low energy slopes  and MV limit (the 
subheading coefficient)


• Compute the constant term

Cappiello GD Greynat 



Outlook

• Beautiful and precise experiment require 
theoretical work







aµ(SM):  Historical 



aµ(SM):  Historical 



Precision physics            Solid Theory (QED)

Quantum field theory 
calculation⇒ virtual 
particles (e+ e-  pairs), 
inf.degrees of freedom, div. 
theory? e-

e*

Two crucial precise 
measurements 

ge !B H
1.00118(3)

Lamb shifts 
(hydrogen level 
splittings)

Observables! Parameters (m, e) in                   
can be divergent. Phys. obs. NO!

e.m. corrections needed !

no need to add higher, 
gauge inv.,  dimensional 
terms (     )

sufficient to describe  all 
QED processes, 

 renormalizable �           
finite # terms,  they must 
have dimensions ≤ 4

Gauge inv. VERY Predictive 

theory  

Lorentz + gauge inv.
gauge inv



Graphically:   Present situation and Goals 

BNL E821 

 Theory 

3.6 σ

x10-11 

Future 
Goals 

Goal:  140 ppb 

Expected Improvement 

>7.5 σ if same central values

13	

What is nature trying to tell us? 

aµ 
exp  –  aµ 

SM = (261 - 287 ± 80) × 10 
–11 

Æ  3.3 to 3.6 σ

* 

*range of typical SM evaluations 



- p. 14 

The coupling C is VERY model dependent 

From D. Stockinger (See many of this g-2 presentations about new physics impact) 

g-2 feature:  Chirality flipping interactions for mass 
and charge (moment) terms g – 2 

mµ

a µ
(N

ew
) [

10
-1

1 ]
 

Radiative muon mass generation 

Z’, W’, UED, Littlest Higgs (LHT) … 

SUSY (tanβ), unparticles 
Extra dimensions (ADD/RS)  

Goal Current Δaµ







Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

Therefore the contribution to the anomaly is given by
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Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

How to check our evaluations ?

The contribution to the anomaly can be expended as
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The constants cχ and K are model and schema dependent.

Actually, the regularized WZW contribution to the form factor of P → ℓ∗ℓ− to
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Using the approximation that the pion is massless and then the lower scale is
the muon mass, one deduces that

cχ ≃ 5

3
+

1
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Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

Moreover, in our limits and conventions,

1

6
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,

where α̂ is the slope at the origin of the normalized form factor
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Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

Using the parametrization ”LMD+V”
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In this context the relevant quantity leading to the anomaly is
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Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

If one considers the Melnikov-Vainshtein Limit, we notice that
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clearly one has shown explicitly the relation with the subleading term in the
MVL and the slope of the form factor.
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1
(

ũ
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Introduction HLbL Part I: SW HQCD Part II: QCD Controls Conclusions

How to extract the general behaviour?

The contribution to the anomaly expended
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corresponds in the Mellin plane
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Once you perform the angular integrals one gets
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We can extract then singularities.
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