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Monochromatic MeV gamma rays applications

* Nuclear spectroscopy ———
and NRF for NP R&D detector ~ target ww
AE/E ~ 1% \E.l |
* NRF for SNM detection e G
o Nuclear Waste inspection  hoton Brcagy (Mev) Photon energy (MeV)
. . R. Hajima, Japan Atomic Agency ERL Group (2008).
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* cargo inspection e
J.L. Jones et al., Neutrons Workshop at ONR, 2006
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Cargo inspection linac system | Detectors
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High intensity linac
w/bremsstrahlung
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Disadvantages of the bremsstrahlung source

° Materials differentiation requires multi-color imaging

* Bremsstrahlung target produces continuous spectrum
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Inverse Compton Scattering (ICS)

(-
- - 3
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-

Compact linac .

High repetition rate
photoinjector

Interaction chamber
- W/intracavity

» X-rays

] Tabletop laser T
UV photoinjector driver g J-class IR laser

* Scattering intense ultrafast optical laser pulse off GeV class e-beam
produces narrow bandwidth directional gamma ray beam

°* Maximum practical photon flux per interaction ~ 107 in 1 % bandwidth
° Practical applications intensities require 10° - 10° interactions/second
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ICS gamma source features

» Uniqueness - light sources do
not reach MeV

- Tunability

* High efficiency at high energy
Eon/Ee~Y

» Favorable transverse
brightness scaling (~y* )

* Directiona
* Need com

ity (~1/y)

nactness and high r.r.

(eventually, at the same time)
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FV. Hartemann et al., PR ST AB 8, 100702, 2005
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Recirculated ICS experiment e AV
R T -
) Il i
e ATFEny,

UCLA

A. Ovodenko et al., Appl. Phys. Lett. 109, 253504 (2016)

CO, laser

o . s PN,
* Used CO2 active cavity to study ICSin a o Mﬁ"&
pulse train regime (40 MHz) s s a0 s s s
° Demonstration for the first time of the ———
significant ICS photon yield gain via | |
pulse train interaction (2015) o
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Inverse Compton Scattering (1CS) at FAST

50-MeV injector

section

superconducting
accelerating cavities

[ Phatocathode laser

* Demonstrate and optimize
CS performance with SCRF
inacat 3 MHz and > 1000

nulses per train
* Enable high flux tunable

output available for users
and applications R&D

superconducting cryomodule

300-MeV
area

okttt

sirglu-pass ampll'iﬁlers
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Daniel Mihalcea (research scientist)
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Aleksei Halavanau (Physics student)

Alex Murokh (research scientist)
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Technical Objectives

Use IR portion of the photoinjector laser output to
develop a high-repetition rate interaction region
synched to the existing SRF linac

Design, develop, install and commission the interaction ™/ qg11 ppys
region (including ICS chamber and final focus systems)

109 ph/s

Upgrade the laser currently available
Develop a recirculating optical cavity [1013 Ph/S}
Combine SRF linac with optimized optical cavity to ~ 1 Watt

produce high-flux gamma rays

Permanent Magnetic Quads

THE PROJECTISFOCUSED e beam
ON THE INTERACTION o B ------—-

REGION DEVELOPEMNT i
(SIMPLIFIED DIAGRAM) M,

Interaction Point

Permanent Magnetic Quads

IR Laser
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vacuum chamber

1 meter
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Beam dynamics optimization

Performed cathode-to-IP simulations
Comprehensive optimizations
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ICS performance modeling

bt
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- Initial working point at low 5 4]+ o

3 prac

charge (~ 100 pC) R

e

Beam energy 259 MeV  Wavelength 1053 nm " 00l 300 Cﬁl?gr - 00 500 1200
Beam charge 100 pC  Pulse energy 100 mJ _ |
Energy spread ~ 0.06%  Bandwidth 0.2% 2\l 2

Emittance (n)  0.34 ym  Etendue 0.1 um %106— L R S
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Beamsize xly  12/13 um Waist 30 ym 5104_ :: e ‘ ‘‘‘‘ T B
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Brightness 39x10  34x10%  41x107 20U T 0
Flux (photons) ~~ 51x 104 39x10°5  30x10e % [

Bandwidth (%) 0.24 % 0.52 % 49.2 % E Foiponnnca. N
Spectral density 4.0 /eV-s 6.6 /eV-s 1.1 leV-s 5 10 | . | '
300 600 900 1200
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Mirror &

Present Status g — Box#1 _

» |dentified beamline location

*100-m transport line for IR
pulse under way

* one high-energy laser
amplifier has been procured

* UHV chamber housing IP
under design

PMQs in progress

S
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IFEL-ICS-TESSA Optical Energy Recovery

One can go from 1 MeV to 10 MeV using laser acceleration:
1. NCRF 150 MeV injector operating in pulse train mode
2. ~10TWigniter laser (i.e. 1064 nm)
3 LPA
. IFEL1 GeV energy booster stage "y
4. ICSinteraction chamber

UCLA
5. TESSA decelerator for laser power recovery
K ~ 150 MeV
{ \f\ Pockels{cell TESSA decelerator Beam dump
~=—- lIgniter laser }___&\\{T:L_ 1 |
| \ 2xPrebuncher ~ 1 GeV \
([ O ( I Ve B / [ .
\ U UU} v Gamma rays
photoinjector linac ~200 MeV IFEL accelerator ICS
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IFEL+TESSA
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o v
TESSA Oscillator s, UCLA Argonne

» TESSA offers possibility of very high efficiency e-beam to light energy
conversion (~10 % vs. ~0.1 % for a conventional SASE FEL)

« There are industrial opportunities for such source (i.e. EUV lithography)

» The ongoing project at APS LEA beamline will explore TESSA at 266 nm,
and the next step is an SRF linac driven oscillator (TESSO)

« 250 MeV * 500 A = 125 GW peak beam power For more info see recent UCLA
eam energy 500Ae 250 MeV * 1 mA = 250 kW average beam power WOI‘kShOp on hlgh efﬁaency FEL:
m * Seed laser power is 50 GW (40% of beam h .
ttps://conferences.pa.ucla.edu/hi
¢ power) e prLic
m 1pm * Diffraction of stimulated radiation limits gh-effluency-free-electron-Iasers/
1 MHz undulator length to 4 m to keep gap small lgniter
el * Prebunching to capture more (nearly all) charge prebuncher TESSA
1pm increases net efficiency to 50%
o - .
Lgm w j AL RLITI
1276W 5
sa% $ ZZ i%‘:lggj J. Duris et al. TESSO. Under review in
Averae power 120 kW PR J 1 2 3 i PRAB, al'XiVI1 704.05030"2
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https://conferences.pa.ucla.edu/high-efficiency-free-electron-lasers/

Conclusions and Acknowledgement

Compact tunable gamma ray source could find multiple
applications

FAST facilities offers excellent opportunities to study long
pulse train ICS process and high flux applications

NIU-Fermilab-RBT collaboration FAST ICS project is under
construction (experimental phase within a year)

In the future, FAST ICS program has a natural synergy with
TESSO, and also IFEL-ICS high duty cycle R&D programs
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