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Our opportunities for e-g  phisics on IRIDE are ultimately 2: 

Search for dark forces 

po (and possibly h and h’) width measurement 

These measurements will provide important tests of the Standard 

Model, but they are not possible at present electron-photon colliders 

due to the low photon intensities of the machines.  
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The axial anomaly of Adler, Bell and Jackiw  (non-conservation of 

the axial vector current) is responsible for the decay of the neutral 

pion into two photons.  It bridges in QCD the strong dynamics of 

infrared physics at low energies (pions) with the perturbative 

description in terms of quarks and gluons at high energies.  The 

anomaly allows to gain insights into the strong interaction dynamics 

of QCD and has received great attention from theorists over many 

years.  

In IRIDE we propose a measurement of po width via Primakoff 

effect using just an e-γ collision instead of electron collision on a 

nuclear target. In this way we will reduce the uncertainty due to 

nuclear gamma background and to the uncertainties from the 

hadronic vacuum polarization and the hadronic light-by-light 

scattering contribution. 

In this presentation we will focus just on the po 

width measurement 



- the po decay width is predicted with a 1.4% accuracy 

- the most precise measurement of po decay width has been 

done by the PrimEx Collaboration with a precision of 

2.8% 

- using e-γ collisions instead of nuclear targets we lost a Z2 

factor on luminosity; 

- A rough calculation shows that by colliding photons of 20 

MeV against electrons of 750 MeV the cross section of po 

production is about 1-2 nb 

Some numbers 

In order to achieve a 1% uncertainty we need an 

integrated luminosity of 1030 cm-2 s-1 (in one year of data 

taking). 

 



In CMS the po is preferentially emitted in the direction of 

photon. 

But in LAB system the effect due to Lorentz boost lead the po 

to be emitted at a large angle q (respect to the direction of the 

photon), in almost the same direction of the electron. 

About kinematics 
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Ee=700 MeV 
Eg=20 MeV 

p0 

Pp0=207.8 MeV, Ep0=247.8 MeV, Pe=472.2 MeV 

√s=236 MeV, P*p0=P*e=79.8 MeV, E*p0=156.8 MeV  

G=3.04, B=0.945  



About kinematics 

Let’s consider the decay of the po into 2 g. 

In this case, q is the (minimum) angle at which the 

differential cross section is peaked. 

q~65o 



M. Fael, M. Passera 

A feasibility study is going on with a MC generator 

(S. Ivashyn)  

Ee=750 MeV 

Eg=20 MeV 

s=2nb 

Ee=500 MeV 

Eg=10 MeV 

s=0.7 nb 



As we can see, the polar angle of the pion and the electron is 

almost the same. 

Cross section at 700-20: 2.014537E+00 [nb] 

Results from generator (courtesy of S. Ivashyn): 
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When we increase the energy the angle where the differential 

cross section is peaked changes. 

Very clear signature with one energetic electron along the 

beam and 2 photons at ~30o each  

Results from generator (courtesy of S. Ivashyn): 

qgg~65o 



Can we reach the energy threshold for η an η’? 

Going beyond? 

This measures are the most difficult of our proposal, but they 

are so interesting to upgrade the machine in order to get the 

energies and the luminosities we need. 

Always trying to go beyond! 



First evaluations 

First valuation of the cross section of h and h‘ at different 

energies and luminosity needed for a measure the gg width at 

1% in one year: 

• 2000 (Ee) MeV vs 65 MeV (Eg)  √s=720 MeV; 
 seg hegge ~ 0.6 nb 

• 2500 (Ee) MeV vs 100 MeV (Eg)  √s= 1 GeV; 
 seg h’egge ~ 0.04 nb 

 

At least, to reach 1% we need (assuming 50% eff.): 

- 40pb-1 for h (i.e. 1 year at  L~4*1030 cm-2 sec-1) 

- 500pb-1 for h’ (i.e. 1 year at  L~5*1031 cm-2 sec-1). 

 

 

 4 1030 cm-2 s-1 @ 2GeV for h 

5 1031 cm-2 s-1 @ 2.5GeV for h’ 

Difficult but possible(?) 

L>1031 cm-2 s-1  necessary also for U boson searches  in egue process 



Luminosity and Beam requirements for 

gg and eg 

5 1031 

We need to increase a luminosity of one order of magnitude (with Ee~2-2.5 GeV). 

With the designed luminosity (L=1030)  dG(hgg)= 4%. Still a factor 2 better than the 

accuracy of the  full widht by COSY-11 measurement (Gh’ = 0.226 ± 0.017(stat.) ± 

0.014(syst.) MeV )  E. Czerwinski et al. PRL 105 (2010) 122001 d~10% 



U bosons can be searched in e-gamma collisions? 

At IRIDE we could  achieve some order of magnitude better, 

making this search realistic. 

JHEP 0907 (2009) 051 



Search for u boson at IRIDE (Mu<250 MeV) 

Sensitivity on e must be estimated (work is in progress) 

g + e-  u   e-   Ee=100-3000 MeV and Eg=10-50 MeV   
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Very preliminary: sensitivity with e-g collisions  

(courtesy of Ivashyn and Shekhovtsova) 

L>1031 needed 
Work in progress 



 The e-g (and g-g collider) is an unique feature of IRIDE 

 

 The physics case offered by e-g is the precise measurement of the partial and 
full widths of P(S) mesons (and search for u bosons). 

 

 At IRIDE we can measure the gg width of the p0 at 1% with 1 year of data 
taking at 1030 cm-2 s-1 . By increasing the luminosity to 4 1030 cm-2 s-1 @ 2GeV  
and 5 1031 cm-2 s-1 @ 2.5GeV the widths of h,h’ would be measured at 1%. 

 

  I didn’t discuss the measurement of the Transition Form Factor of p0, h, h’  at 
q≠0 which could be possible. 

 

 A possibility to measure the full width by exploring the missing mass is under 
study. In this case L~1030 is sufficient to measure the full width of of h,h’ at 
1% uncertainty.  

Conclusion (I)  

Stay tuned! 



Thank you very much for the attention 


