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λ ≫ D D ≈ 10−15 m

Typical scales: 

resonance energy: 

resonance width:

 106 eV

10−1 eV
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Typical photonuclear 

reactions: 

• Nuclear resonance 

fluorescence (NRF) 
Schiff, Phys. Rev. 70, 761 (1946) 

• photoactivation 

• photodissociation 

• photofission 

separation energy

How to produce photon beams 

fulfilling a resonance condition?
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 decay chain:232Th
Chadwick and Goldhaber, 
Nature 134, 237 (1934)

208Pb

0.000 MeV

2.615 MeV

Potentially tunable -ray energies:γ
Bothe and Gentner, Z. Phys. 106, 236 (1937)

Bothe and Gentner,  
Z. Phys. 104, 685 (1937)

Reaction: 

 @ 440 keV7Li(p, γ)8Be

subsequent  reactions(γ, n)
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198Au 198Hg198Hg

Moon, Proc. Phys. Soc. A 64, 76 (1951) 
Moon and Storruste, Proc. Phys. Soc. A 66, 585 (1953)

Typical scales: 

resonance energy: 

resonance width: 

Doppler broadening: 

recoil energy:
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Westendorp and Charlton,  
J. App. Phys. 16, 581 (1945)

Alternative: continuous photon spectrum — electron-generated bremsstrahlung.
Baldwin and Klaiber, Phys. Rev. 71, 3 (1947)                  Hayward, Phys. Rev. 106, 991 (1957)

Normal- and superconducting linear electron accelerators were the “workhorses” for photo-
nuclear research from the 1980s to the early 2000s. Kneissl, Prog. Part. Nucl. Phys. 37, 349 (1996) 

Kneissl, J. Phys. G 32, R217 (2006)
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Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

0 MeV

2 MeV

4 MeV

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

0 MeV

2 MeV

4 MeV

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

0 MeV

2 MeV

4 MeV

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

0 MeV

2 MeV

4 MeV

+

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Nuclear resonance fluorescence with bremsstrahlung

9Tobias Beck, ERL’22, 05.10.2022 

Courtesy of Wilhelmy and Zilges

Contributions to spectrum: 

• nuclear -rays 

• detector response 

• nonresonant background 

• natural background

γ

0 MeV

2 MeV

4 MeV

+

high “peak density” 

uniqueness?

Experiments using photons from bremsstrahlung enable an “all-in-one-go” approach. However, 
this comes at a cost.



Quasimonochromatic and polarized photon beams

10Tobias Beck, ERL’22, 05.10.2022 

Polarized photon beams with narrow bandwidth are produced by Laser-Compton Backscattering. 
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Quasimonochromatic and polarized photon beams

10Tobias Beck, ERL’22, 05.10.2022 

Yan, Nat. Photonics 13, 629 (2019)

Polarized photon beams with narrow bandwidth are produced by Laser-Compton Backscattering. 
Milburn, Phys. Rev. Lett. 10, 75 (1963)                  Litvinenko, Phys. Rev. Lett. 78, 4569 (1997)



Quasimonochromatic and polarized photon beams

10Tobias Beck, ERL’22, 05.10.2022 

Yan, Nat. Photonics 13, 629 (2019)

Polarized photon beams with narrow bandwidth are produced by Laser-Compton Backscattering. 
Milburn, Phys. Rev. Lett. 10, 75 (1963)                  Litvinenko, Phys. Rev. Lett. 78, 4569 (1997)

Properties:

•  

• photon flux  

•  

• linear pol.  

Eγ = 2 − 130 MeV

≤ 109 γs−1

ΔEγ /Eγ = 1 − 3 %

> 99 %
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Polarized photons in the entrance channel enable the determination of…

Angular distribution for  
 cascade: 
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Polarized photons in the entrance channel enable the determination of…

Pietralla, Phys. Rev. Lett. 88, 012502 (2002)

parity quantum numbers and …

Angular distribution for  
 cascade: 

 

0+ → 1π → 0+

W(ϑ, φ) = 1 +
1
2 [P2(cos ϑ)

+
1
2

π cos(2φ)P(2)
2 (cos ϑ)]

π = + 1 π = − 1

multipole mixing ratios.

Beck, Phys. Rev. Lett. 118, 212502 (2017)
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next-generation photon source 

== 

LCB at a multi-turn SRF-ERL
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Zilges, Prog. Part. Nucl. Phys. 122, 103903 (2022); courtesy of Lyncean Technologies

Properties: 

• warm linac 

•  collision frequency 

• IR and green lasers 

•  

• photon flux  

•

35 MHz

Eγ = 1 − 20 MeV

≥ 1011 γs−1

ΔEγ /Eγ ≤ 0.5 %
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Beck, Dissertation, TU Darmstadt (2021)

Beam-spot size:Uncertainty scattered photon energy: 

 

Requirements next-generation photon source: 

• fewer bends                                                 Linac  

• high repetition rate                                       cw, SRF 

• high current GeV-range electrons                ERL

ΔEγ

Eγ
≈ (2

ΔEe

Ee
)

2
+ (ΔEL

EL
)

2
+ (−γ2Δϑ2

f )2 + (−
1
4

Δϑ2
i )
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MeV-range photon beams for 
isotope-sensitive scanning of 
suspicious material.

Hajima, FACET-II Science Opportuni9es Workshops (2015)

Hajima, FACET-II Science Opportuni9es Workshops (2015)
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MeV-range photon beams for 
isotope-sensitive scanning of 
suspicious material.

Hajima, FACET-II Science Opportuni9es Workshops (2015)

Hajima, FACET-II Science Opportuni9es Workshops (2015)

Requirements: 

• tunable and portable photon source 

• high luminosity for fast measurements
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