
 
 

Compact Photon Source 
 

The NIM paper development/update 
based on 1/22/2019 meeting 

Bogdan Wojtsekhowski for the CPS collaboration 

February 1, 2019     



The paper structure 

February 1, 2019     

version 0.1 drafted by Rolf, Tanja, BW 



The paper structure 

February 1, 2019     

 
This paper presents the development of a new instrument, an intense source of a narrow 
photon beam for use with dynamically-polarized solid-state polarized targets.  
 
In the first section we formulate the motivation, the requirements, and perspectives  
for high-energy photo-production experiments.  
In the second section we review the prior state-of-the-art of photon source design.  
 
The third section presents the ideas of the concept of such a new Compact Photon Source. 
The fourth section briefly analyzes the methods to distribute the power of heat and  
radiation load over the area of the polarized material.  
 
The next section then describes the implementation of a CPS at Jefferson Lab  
in support of several experiments.  
In the sixth section, we present the radiation analysis based on several methods  
including Fluka and Geant4.  
 
Finally, we conclude with the initial engineering plan for the CPS. 
 
See the full text on the NPS web page: 
https://wiki.jlab.org/cuawiki/index.php/Meeting_22_January_2019 
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Physics motivation  

Traditionally, knowledge has been gathered on the structure of protons  
and neutrons from studies of their static properties (mass and spin,  
polarizabilities, form factors) and the one-dimensional quark and gluon  
momentum distributions underlying them.  
Yet despite decades of research, our knowledge of the microcosm of  
proton structure has remained elusive.  
 
Double-polarized high s/t/u exclusive reactions provide a clean access  
to the nucleon structure and quark-gluon dynamics. 
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Luminosity in Double Polarized Experiments 
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1.  NH3 target heat/damage capability is characterized by  
     a limit on an electron beam intensity of 100 nA => LeN ~ 1036 cm2/s 
     which means the photon-nucleon LγN ~ 5 1034 (eqv.-ph.) cm2/s 
 
2. Naturally, a pure photon beam allows to reach LγN ~ 1.5 1036 (eqv.-ph.) cm2/s 
    which represents a significant gain by a factor of 30. 
 
3. Exclusive reactions deal with very large physics backgrounds (e.g. πo) 
    and require precision kinematical analysis which is possible with 
    a narrow photon beam => This means a short distance between  
    a photon radiator and the target. Preferable distance is 200-250 cm. 
 



Hermetic Compact Photon Source 
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Hermetic Compact Photon Source 
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Longitudinal distribution of the beam power  
is a key item of the CPS design 

S. Arahamyan and BW 



Hermetic Compact Photon Source 
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From the CDR report in May-June, 2015 with 
Geant4 results for a WACS experimental proposal 

 
also a copy in arXiv:1712.06419  

   

Beam rastering is difficult Magnet design 
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Hermetic Compact Photon Source 
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Collaboration building 
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Hermetic Compact Photon Source 
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Physics case for CPS 
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CPS collaboration 

   Radiation dose rate along this path  



        Compact Photon Source 
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A horizontal raster can be 
done but the vertical raster 
is a harder problem 
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        Compact Photon Source 
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Rotation of the target is the proposed solution for rastering 
(in combination with vertical movement of the ladder) 

The rate of rastering is an important parameter:  
 Recent studies show that 1 Hz is sufficient! 

D. Keller & C.Keith   



        Compact Photon Source 
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Magnet mass is of 2.5 ton 
(including the inserts) 

Oscillation of the magnet by +/-5 mrad at 
1 Hz rate requires a 100 Watt motor 

dz = +/-1 cm 

200 cm  A simple option for a vertical raster  

3 mm gap 



Polarized He-3 target FOM 
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Photon-Polarized target FOM 
R. Ent  & D. Keller 



The list of physics experiments 

                   The exclusive reactions 
 
•  The double polarization RCS – APPROVED by PAC45 for 46 days 
             ALL in WACS at high u and t = RA/Rv : access to the axial GPD H of a nucleon. 
 
•  The double polarized TCS – proposal PR12-18-005 (C2) by PAC46 
             ALS in TCS at high s => unique access to the GPD E of a nucleon. 
 
•  Double polarization pion photo-production:  

•  p(γ, π + N) cross section with small steps on incident photon energy; 
       search for a meson-nucleon resonance at 2.5 GeV mass indicated 
       in the KLL data from the R. Gilman’s experiment. 
•  ALL, ALS allow a key test of the loop-3 diagrams, a solution of decades old 

 puzzle in the cross section value – a factor of 50 under-estimation by all 
 calculations including the GPD models. 

 
•  Double polarization deuteron disintegration D(γ, p + n) 
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JLab approved WACS experiment 
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A huge problem for theory? 



JLab approved WACS experiment 
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Solution was found: axial GPD H 
However, 6 GeV the data have 
low value of u or t 



JLab approved WACS experiment 

New 
experiment 
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80 years history of photo-induced nuclear reactions 

Mixed e-γ beam: SLAC, JLab 
Heat load limits intensity 

Pure γ beam (incl. tagged) 
NINA, Bonn, DESY, Cornell, 
SLAC, Mainz, JLab 
Large size and cost facility,  
large beam spot at the target 

Novel concept: Compact Photon Source 
Narrow channel for an electron beam: 
15 cm long beam power deposition, 
“hermetic” beam dump with a10 times  
shorter distance from the radiator to target 
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The projected time-line 

The goal is to complete the final document by August 
 
and have the paper ready for submission by fall 2019. 
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