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Outline

Betatron radiation

WP description

Upgrade of the current layout

Tentative agenda



3A. Cianchi

Betatron radiation scaling laws
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Starting point

• Result already obtained at Flame with He
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But there are many thing to be investigated

• Higher charge -> higher photons
• Higher stability
• Polarized X- rays



6A. Cianchi

Results
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Off axis injection

• A high-power laser (red) is 
focused into a double-peaked 
“M” shaped gas jet (blue). 

• The laser evolution during the 
first density peak leads to off-
axis electron injection during 
the following density 
downramp. 

• Subsequent large-amplitude 
betatron oscillations (yellow) 
cause emission of intense X-ray 
radiation (purple). 



8A. Cianchi

Two lasers

• The blue circle represents the
plasma bubble.

• The bubble is moving downwards
due to the transient positive mid-
infrared control field.

• The injected electrons thus
experience a transverse force
downwards from the restoring
field of the bubble.

• Due to the superluminal phase
velocity of the mid-infrared control
laser field, the bubble and injected
electrons experience high
frequency transverse oscillation
when the control laser field rapidly
changes its sign.

Chen, Jiyuan, et al. "Enhanced soft x-ray betatron radiation from a transversely oscillating laser 
plasma wake." Optics Express 29.9 (2021): 13302-13313.
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Betatrone R&D

• We need to make R&D @FLAME to:
– Define the scheme to use
– Define the spectrum and the tunability
– Define the source properties in terms of 

flux and spatial properties
• This work is fundamental for the best 

design of the X rays beamline
• The final design of this beamline 

depends on these results!
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WP description
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Subtasks

• 2.1 INFN-Milan simulations
• 2.2 Plasma source INFN-LNF
• 2.3 Synchronization INFN-LNF
• 2.4 X rays diagnostics CNR-ISM-Potenza
• 2.5 End user station Unitov
• 2.6 X rays temporal characterization CNR-

ISM-Montelibretti
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Actual situation
Plasma source

EXIN beamline
Laser extraction

Beam matching

Dipole
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Modified layout

• Laser removal with a 
dedicated chamber 
maybe only for EXIN

• Electron and 
photons separation 
as soon as possible, 
big energy spread 
can be a problem

• Permanent tunable dipole to bend the beam to a 
parallel line to run below the X photons to the dump

• The laser removal is a bigger problem here because the 
focal is shorter and the laser divergence after the 
interaction is very large about 66 mrad.
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Perm. mag. 
dipole BPM

Monochrom..
Ion. chamber

Focusing chamber

Exp. chamber

High res.
cameras

YAG Screen

1 m

HP laser out
HP laser in

Plasma chamber

First attempt to be improved
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Official deliverables schedule
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Tentative schedule for betatron

• First year:
– Betatron: parametric studies@FLAME
– Definition of the new machine layout 
– Simulations
– Starting hardware procurement for big parts
– Vacuum tests
– Design of the laser removal
– Hire the personnel

• Second Year:
– Installation of compressor @SPARC
– Transport of laser and plasma source @SPARC
– Installation of the new beam line
– Starting source commissioning

• Last 6 months
– Installation of X rays diagnostics
– Installation of user chamber
– Diagnostics commissioning
– Pilot experiment
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Critical issues

Define the radiation properties to tailor X ray beamline and pilot experiment

Overlap between betatron radiation developing @FLAME and laser 
replacement @SPARC

Gas removal

Synchronize Flame with experiments

Hardware procurement

EuAPS installation will prevent future installations in SPARC, or we have to 
dismount the line every time that we need to move big hardware


	EuAPS – X-rays Betatron Radiation Source at SPARC_LAB
	Outline
	Betatron radiation scaling laws
	Starting point
	But there are many thing to be investigated
	Results
	Off axis injection
	Two lasers
	Betatrone R&D
	WP description
	Subtasks
	Actual situation
	Modified layout
	First attempt to be improved
	Official deliverables schedule
	Tentative schedule for betatron
	Critical issues

