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Introduction

Time permitting, I shall talk about...
need for & (very) brief history of photon sources
CPS: concept, design, engineering
Outlook
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Disclaimer:

This is just GN’s $0.02 worth...
Many people (BW, PD, CL, DH, apologies if I did not mentioned you here!)
contributed (directly or indirectly) to this talk.
Collaborators from: CUA, Glasgow, GWU, St. Mary’s, UVa, JMU, JLab.
...and they all have done their level best! thanks!
Therefore, all inaccuracies, miss-statements, controversial, or just plain
wrong statements are mine alone!

That said, onward to the:
Why should one want/need photon beams? question...

Gabriel Niculescu, James Madison University CPS update



4/24

Introduction Photon Sources CPS Conclusion
Introduction Photon Sources CPS Conclusion

Electromagnetic probes...
excellent for probing nuclear substructure:

High energy, intensity, polarization
“clean”
QED is well understood*

However...
target is not static!
probe affects the dynamics (recoil, pair prod., relativistic eff.)
𝑒− beam: low cross–section, radiative corrections, ...

photon beam: possible alternative/complementary to 𝑒− beams. (Avoids the
problem or at least it presents a diff. perspective!)

Gabriel Niculescu, James Madison University CPS update
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Photon Sources: a lightning–quick history (I)

alas..., “designer” exclusive reactions come at a price:
competing processes/backgrounds, (very)low cross–sections.
thus the need of developing high energy, high intensity photon beams.

photon source options
∼ few MeV - radioactive isotopes. > few TeV – cosmic rays.
In-between (∼GeV–ish range) - need to build our own.
Several ideas, with their own plus-es and minus-es (see next page)

Gabriel Niculescu, James Madison University CPS update
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GeV–scale Photon Beams... (II)

photon beam preparation solutions:
bremsstrahlung: potentially high intensity (up to 1014 equiv. 𝛾/𝑠

untagged: high intensity
tagged: good energy resolution (∼ 10−3), low intensity (< 108𝛾/𝑠)
end–point–method: limited 𝑑𝐸

𝐸
. need (almost)exclusive final state...

positron annihilation: almost monochromatic near 𝐸𝑚𝑎𝑥 . need 𝑒+!
laser backscattering: wide range of possible polarizations (𝐸𝛾 vs 𝜗𝛾)
quasi real: intense beam, compact size
if polarization is important (it is, most of the time!):

circularly polarized 𝑒− beam
crystal radiator
laser backscattering
small angle 𝑒− tagging
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A few photon beam examples (III) (credit: B. Wojtsekhowski)

Examples of photon beams

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 4

Energy 2-6 GeV

Photon flux
1.2x1010 eq. ph/s

Cornell, 1975
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A few photon beam examples (IV) (credit: B. Wojtsekhowski)

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 5

Examples of photon beams

Energy 3 GeV

Photon flux
1x107 eq. ph/s

ELSA, 1991
Tagged beam

Gabriel Niculescu, James Madison University CPS update
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A few photon beam examples (V) (credit: B. Wojtsekhowski)

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 6

Examples of photon beams
JLab, Hall B, 
Tagged beam
1x108 eq. ph/s

Gabriel Niculescu, James Madison University CPS update
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A few photon beam examples (VI) (credit: B. Wojtsekhowski)

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 7

Examples of photon beams
SLAC, 
End-point method
H(e/g, p)
.
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A few photon beam examples (VII) (credit: B. Wojtsekhowski)

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 8

Examples of photon beams
JLab, Hall A/C, 
End-point method
1x1011 photons/s

Gabriel Niculescu, James Madison University CPS update
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A few photon beam examples (VIII) (credit: B. Wojtsekhowski)

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 9

Examples of photon beams

JLab, Hall A, Wide Angle Compton Scattering

Energy 2-6 GeV

Photon flux
2x1013 eq. ph/s

1x1012 photons/s
in HRS acceptance

<latexit sha1_base64="n2zePmVmZ1DfVTFhc70zN7XChIA=">AAACBXicbVDLTgIxFO3gC/E16lIXjWCCkeAMC3RJdMMSE3kkzIR0SoGGtjNpOyZkwsaNv+LGhca49R/c+TcWmIWiJ7m5J+fcm/aeIGJUacf5sjIrq2vrG9nN3Nb2zu6evX/QUmEsMWnikIWyEyBFGBWkqalmpBNJgnjASDsY38z89j2RiobiTk8i4nM0FHRAMdJG6tnHhXqRXHhDxDkqwUWH5zCCXums0LPzTtmZA/4lbkryIEWjZ396/RDHnAiNGVKq6zqR9hMkNcWMTHNerEiE8BgNSddQgThRfjK/YgpPjdKHg1CaEhrO1Z8bCeJKTXhgJjnSI7XszcT/vG6sB1d+QkUUayLw4qFBzKAO4SwS2KeSYM0mhiAsqfkrxCMkEdYmuJwJwV0++S9pVcputVy9reRr12kcWXAETkARuOAS1EAdNEATYPAAnsALeLUerWfrzXpfjGasdOcQ/IL18Q0pNZXO</latexit>

H(e/�, � + p )

JLab, Hall A/C, 
Mixed e/g beam
Exclusive process

Gabriel Niculescu, James Madison University CPS update
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If WACS on polarized target is (one of) the goal(s)...

Might want to pay attention to:
beam size: small. helps separate Compton
scattering from (the much larger!) 𝜋0 production
radiator–target distance: short
beam intensity: high. essential if one wants to
reach 𝑠, 𝑡, 𝑢 in the ∼ 𝐺𝑒𝑉2 range!
𝛾s on 𝑁𝐻3 target: 10–30x higher than a 100 nA
quasi–real beam!
setup & tear–down 𝑡: reasonable (< 3 months?)
$$: minimize. this is always on the menu!

Polarized WACS Exp. Approved (46 PAC days)!
D. Day, D. Hamilton, D. Keller, GN,
B. Wojtsekhowski, J. Zhang: E12-17-008
(but I want to highlight the source that will make it possible)

Gabriel Niculescu, James Madison University CPS update
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Compact Photon Source (CPS) (credit: B. Wojtsekhowski)

Gabriel Niculescu, James Madison University CPS update



15/24

Introduction Photon Sources CPS Conclusion
Introduction Photon Sources CPS Conclusion

CPS central piece (credit: B. Wojtsekhowski)

Polarized target and CPS 

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 13

First time presented at NPS Collaboration Meeting, 11/19/2014

NIM-A 957 (2020) 163429 

Concept of beam power distribution

Main concepts/ideas:
need to dissipate a lot of power ... over a relatively small distance
raster the beam. use high melting point materials. cooling.
pay attention to heat transport and heat–related phenomena
shape of the channel matters!
NOTE: this is NOT a collimator!

Gabriel Niculescu, James Madison University CPS update
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CPS & target simulation (FLUKA model and slides: P. Degtiarenko)

Gabriel Niculescu, James Madison University CPS update
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Power dissipation (I) (credit: P. Degtiarenko)

CPS-HC Update,, February 2023                                                 Page 47

Power density in central parts of absorber

Original

Modified

10 cm

1
0
 c

m
Copper absorber, vertical cuts

Note the subtle but important change in the shape of the channel.
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Power dissipation (II) (credit: P. Degtiarenko)

CPS-HC Update,, February 2023                                                 Page 48

Power Density in absorber: original vs. modified 

Original Modified

Extend cuts

...a factor of ∼2 reduction in the power deposition spike!

Gabriel Niculescu, James Madison University CPS update
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Radiation levels in the Hall... (credit: P. Degtiarenko)

CPS-HC Update,, February 2023                                                 Page 33

Prompt radiation dose rates, previous model

Empty target Ammonium target

10 m10 m

100 rem/h
100 rem/h

30 30 

Gabriel Niculescu, James Madison University CPS update
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...and in outside (credit: P. Degtiarenko)

CPS-HC Update,, February 2023                                                 Page 34

Prompt radiation dose rates outside

0.5 mrem/h

5 rem/h

1.0

50 m

...
FLUKA also gives (not shown here) activation levels (which are OK!)

It looks like we might be able to build & operate this!

Gabriel Niculescu, James Madison University CPS update
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Central piece (credit: S. Lassiter, Hall C engineering)
Compact Photon Source 

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 16

ABSORBER
COOLING TUBES

(4X)

ABSORBER
COOLING TUBE
MANIFOLD (4X)

POLE 
COOLING PLATE & TUBE

ASSEMBLY (2X)

COIL (2X)

LEFT & RIGHT
YOKE 

UPPER YOKE
NOT SHOWN 

UPPER & LOWER
ABSORBER

POLE (2X)

PLATFORM
LEGS (4X)

COOLING TUBE
SHIELD CHANNEL (4X)

EXTERNAL COIL CLAMP (4X)

CPS in Hall C

CPS Magnet

LOWER YOKE 

S. Lassiter
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CPS Project Status

Thus far
extensive FLUKA–based simulation:

radiation levels: acceptable
inform & guide design (central piece segmenting, cooling, block stacking)

Layout of mechanical components (essentially done)
Magnet: procured (yoke, poles, rad. hard coils)
W blocks: procured, received
Pb bricks: 28 tons, received
power absorber (aka central piece): designed, prototype test setup ready

Gabriel Niculescu, James Madison University CPS update
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CPS & polarized solid target experiments

Increasing list of topics:
WACS, E12-17-008
Pion photoproduction from neutron. 𝐴𝐿𝐿 vs 𝐾𝐿𝐿

Proton polarization in 𝑑 (𝛾, 𝑝𝑛) @ higher photon energy
Pion photoproduction from proton - GPDs

7/15/24 A/C collaboration,     Bogdan Wojtsekhowski 20

Physics with photon beams
<latexit sha1_base64="mUXsk+XuPAf3UyTR1Xp0MLZ1cu0=">AAACAXicbZDLSgMxFIYz9VbrbdSN4CbYChWkzHRRXRZ14bKCvUBnKJn0tA3NZIYkUyilbnwVNy4UcetbuPNtTNtZaPWQwMf/n0Ny/iDmTGnH+bIyK6tr6xvZzdzW9s7unr1/0FBRIinUacQj2QqIAs4E1DXTHFqxBBIGHJrB8HrmN0cgFYvEvR7H4IekL1iPUaKN1LGPCjdFbwQUwzn2zJlhfIZFoWPnnZIzL/wX3BTyKK1ax/70uhFNQhCacqJU23Vi7U+I1IxymOa8REFM6JD0oW1QkBCUP5lvMMWnRuniXiTNFRrP1Z8TExIqNQ4D0xkSPVDL3kz8z2snunfpT5iIEw2CLh7qJRzrCM/iwF0mgWo+NkCoZOavmA6IJFSb0HImBHd55b/QKJfcSqlyV85Xr9I4sugYnaAictEFqqJbVEN1RNEDekIv6NV6tJ6tN+t90Zqx0plD9Kusj29i65RM</latexit>

D(~e, ~p)n
<latexit sha1_base64="gQC8HRX3nlkEHlSJKDDqSyScqXg="></latexit>

Figure-of-Merit is P 2
e ⇥ ⌦p ⇥ ✏A2

pol ⇥
�E�

E�
⇥ Flux�

<latexit sha1_base64="X01hIw8wxEDUAIy71ywuJHLnWJc="></latexit>

FOM gain is 10/1 ⇥ 0.52/(0.115 ⇤ 0.272) ⇥ 0.1/0.02 ⇥ 1/20 = 75

credit: B. Wojtsekhowski

Gabriel Niculescu, James Madison University CPS update
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Quo Vadis?

I showed & hope I convinced you that:
Compact Photon Source providing 1 kW of 11 GeV photon beam will soon
be ready for an experiment (NPS RG3)
CPS has a large (& growing, several important proposals under development)
experimental program.
Suggestions, help, leading some of the effort are welcome!

THANK YOU!

Gabriel Niculescu, James Madison University CPS update
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