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Bandwidth of all-optical ICS sources is too large

Many applications require bandwidth in the percent range
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Applications out of sight without reduced bandwidth!

Dr Kristjan Poder | kristjan.poder@desy.de | plasma.desy.de | EAAC 2025 | 23.09.2025 | Page 4


http://plasma.desy.de

X-ray bandwidth is mainly determinead by electron beam
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Need a method to control and reduce the divergence and
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Active plasma lens enables control of ICS bandwidth

The compact electron optic also allows tuning the central energy of the X-rays
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APL-talloring enables percent-level X-ray bandwidths

Electron spectrum and divergence interacting with scattering laser controlled

1 a
0.1
N (e) ox > <
(20(’76) ) +1 0.3
wo 20,5
D)
1.0
B 1.7 B
—ffective energy spread determined by
aser-electron overlap
. 10
> Electron energy determined by APL only S
-> increased stability c 8
O
2 6
Beam imaging reduces divergence g
O
> Electron pointing jitters reduced -> 5 0
iNncreased stability < .

(5) Briummer et al, Sci Rep 12, 16017 (2022)

X-ray bandwidth (%)

10

O 2 4 6 8
(—T | |
_

0.5 1.0
Interaction plane (m)

1.5

-= Divergence
-+ Eff. en. spread
— Total

I

-—

a i
frtraa., —
lll.l......llll--ll----------"H—H

0.5 1.0 1.5
Interaction plane (m)

-= Divergence
-+ Eff. en. spread |
— Total

~
~
~
§~
~~
--___-

0.5 1.0 1.5
Interaction plane (m)

10

S NNk~ O @

10

o N A O @
X-ray bandwidth (%)

X-ray bandwidth (%)

Dr Kristjan Poder | kristjan.poder@desy.de | plasma.desy.de | EAAC 2025 | 23.09.2025 | Page 8


http://plasma.desy.de

Central energy tunable over a wide range
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Central energy tunable over a wide range

APL current can be flexibly and accurately tuned, varying resulting X-ray energy
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Assuming 10 pC/MeV, 1J, 1 ps laser!
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K-edge subtraction imaging benefits from precision tuning

Delivered dose reduced with decreased energy separation
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K-edge subtraction imaging benefits from precision tuning

Delivered dose reduced with decreased energy separation
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Experimental demonstration of tunable ICS source
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Experimental demonstration

‘Classical’ scattering setup with IP being at the output of the plasma
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Electron energy (MeV)

‘Standard’ ICS results show broad spectrum

‘Classical’ scattering setup heavily reliant on electron beam quality
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Experimental demonstration

Metre-scale setup set up at DESY for demonstration of bandwidth control
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Experimental demonstration

Varying the plasma lens current changes the central energy of the measured X-rays
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No moving parts!
Overlap and alignment maintained!

(11) Meisel et al, in preparation
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Experimental demonstration

Results closely follow theory, highlighting importance of control of laser pulse
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Experimental demonstration

Average bandwidth across the shots: 25.6 % (raw >75%)
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Dominated by laser -> electron beam contribution greatly reduced!
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Talloring the scattering pulse to reach ultimate bandwidths

Implementing flying focus to match the chromaticity of the electron beam
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APHEX source is expected to make first light in 2026

APHEX targets medical and industrial applications in the 100s of keV energy range
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Demonstration of tunable all-optical X-ray source

Compact all-plasma achitecture allows application-relevant bandwidth and flux
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Tailoring electron beam with an APL enables %-
level X-ray bandwidth and tuning

> Effective e-beam bandwidth << e-beam energy spread
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