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● Data driven HLbL determination?
● Transition Form Factors of π0,η,η' 
  → Kinematic regions/data sources
  → Anomalous processes PVV, PPPV
  → Dispersive approach to TFF

● γ(*)γ(*)  ππ,... →
● Strategy for experiment?                                     

  



HVP
HLbL

e+e-  → γ*  h→
KLOE-2
CMD3/SND
BESIII
BelleII

Hadronic contribution to g-2 

Hadrons

γ(*)γ(*) h↔

γ(*) h→ γ(*)

mh<1-2 GeV 



HVP
HLbL

e+e-  → γ*  h→
KLOE-2
CMD3/SND
BESIII
BelleII

Hadronic contribution to g-2 

Hadrons

γ(*)γ(*) h↔

γ(*) h→ γ(*),hγ(*) h→ γ(*)

mh<1-2 GeV 
+ hadro- photo-
production exp



Hadronic Light by Light 

 π±,K-loop

 (−1.9±1.9)·10−10

 

 π0, η,η' 
exchange

quark-
loop

(11.4±1.3)·10−10 (0.8±1.1)·10−10  0.23·10−10
PdRV  

Slide: Johan Bijnens,Pere Masjuan



Hadronic Light by Light 



Structure of light mesons

L/H energy QDC LAB 

l+l- spectra in HIon

Pseudoscalar Transition Form Factors (TFF) 

MesonNet(HP3) Workshop on Meson Transition Form Factors May 29-30,2012 Kraków

g-2 HLbL
Dark photon

P  l+l-→

Fπ0 q2→∞ puzzle

η: Γγγ
m

u
/m

d



Radiative widths of η,π0

η, π0 : narrow and short lived 
 => Гtot=Гγγ/BRγγ

Two exp. techniques:
  Z  →  Primakoff
   

  e+e- → 

 →  ~5% 

  →  ~2.8% 
PrimEx PRL 106,162303(2011)

[KLOE JHEP1301 (2013) 119]

Γγγ=520±20
stat

±13
syst 

eV
KLOE-2 Taggers
5fb-1 => δГ →  ~1%



TFF kinematic regions: π0,η

γ*γ*→P γ*γ*→P

P→γ*γ*

γ*→Pγ*

γ*→Pγ*

γ*
→
P
γ*

γ*→P
γ*

π0 η



0 single off shell TFF

 Data:CELLO,NA60,CB-MAMI,CMD-2,SND

γγ*→0

ISRISR

VEPP 2000 0.3-2GeV
KLOE-2 ISR, BESIII 

●BESIII
●Belle
●KLOE-2

Dalitz decays:
KLOE, WASA,CBall,BESIII
CLAS,NA48 

γ*→Pγ

P→γ*γ

●GlueX





Dalitz decays

η → e+e-γ FF=1
η → e+e-γ 
π0  → e+e-γ



  



  

Vertex r 20 mm + PID

MC
MC

Data

Analysis: π0  → γe+e- 

Vertex r (cyl)



  



σ(e+e-  → π0γ,ηγ)

Data: CMD-2,SND



σ(e+e-  → π0γ) 

Data: CMD-2,SND



e+e-  (→ π0γ,ηγ)γ
ISR

  in Phokhara

+2

2
1

ISR       q < 0.7 GeV    T: 30<<150 
            L      U     NU    T   NT  
S: 1.0  : 10 fb-1    6pb   61k  1pb   10k
C: 3.77 : 10 fb-1  280fb  2.8k 60fb  0.3k
B: 10   :0.5 ab-1   44fb   22k  4fb  2.1k

e+e-  → π0γγ
ISR

Joachim Pettersson MSc





meson radiative decay width  

 → 

 → 

Insensitive to TFF
Γγγ=520±20±13 eV 

L=240 pb-1

32.0±1.5 ±0.9 pb

34.5±2.5 ±1.0 pb



→0*

*→→0*

e+e-→0

*→→*

γ*γ
*→π

0 γ*γ
*→η

KLOE prel result  b(m
)

 →*  BR 10-4

Naive VMD:
Black: b

 Red: b

 

b(m
)  →*  BR 10-5

slopes bπ, bη

TH:   Bastian talk→

Relation  to ω/φ→π+π-π0  

V   P→ *  and e+e-  PV processes→   

BESIIIJ/ψ Pe+e− arXiv:1403.7042→



  



Dorokhov,PLB667,145

3 diff

π0/η

η'/η
c

e+

e+

e-

e-

HADES
WASA
CBall
NA48/NA62 Decay

 Formation

Searches using formation:
e+e- → η'  ,  L=0.5pb-1

=>   B< 2.1·10-7 90% CL

Vorobev SJNP 48(1988)273



Slide: Bastian Kubis
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Slide: Bastian Kubis



 →  → 

● No kin fit:use DC resolution 
● Not use EMC Energy
  

205 k events
eff=21%
S/B=10

Normalization 

Φ ηγ→   L = 558 pb-1

 → 

 → 

Consistent with CLEO



 → 

Fit 

data

[WASA PLB707 (2012) 243]

67
83

2

Ndf


α=1.31±0.08
stat

±0.40
systv

 GeV-2

PLB707 (2012) 184

e+e-→π+π-

Mππ=√s

[KLOE PLB718 (2013) 910]

α=1.89±0.25
stat

±0.59
syst

 GeV-2



 → 

sππ [GeV2]

WASA,KLOE: A+ => bη(0)=2.05+0.22 GeV-2
-0.10

EPJC73(13)2668

Mππ=√s

η'  π→ +π-γ

BESIII
CLAS

DATA: C Barrel  PLB 402,195 ('97); KLOE PL B718, 910 ('13)



η
c
→VV

V→PV

ηc  ρρ    1.8%→

ηc  K*→ K* 0.7%

ηc  φφ    0.2%→

>5x106 '
17x106 

c

Outlook  η' ηc

BESIII:

arXiv:1404.0096

η′→π+π−π+π−
η′→π+π−π0π0



Summary: PS TFF

Transition Form Factors //
Main contribution to a

μ

Dispersive approach for PS TFF 

                                          



P. Masjuan  
P. Sánchez-Puertas: Pade
fit to spacelike 
FP(q2,0) 

Maybe HLbL,PS is already fixed?  



Hadronic Light by Light 

Dispersive



Slide: Gilberto Colangelo



 γ(*) γ(*)→ππ; ηπ; KK 

Slide: Gilberto Colangelo & Pere Masjuan



Artwork Martin Hoferichter

arXiv:1402.7081
G. Colangelo, M. Hoferichter, M. Procura and P. Stoffer

A roadmap for experiment? 

 M. Vanderhaeghen,,V. Pauk


