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Introduction
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1. Novel architecture: eSASE and LABC can 
shorten the length of the LINAC.

2. These new architectures can be used to 
suppress the microbunching instability.

3. Proposed experiment to test this concept at ATF.
4. ELEGANT simulations of the experiment.



Novel Accelerator Architecture
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Problem Being Solved
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Experiment will take place at ATF
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• ATF is a good location for our demonstration experiment.
• Has required beam magnetics: chicanes and undulators.
• Also has CO2 laser that can be used to modulate the 

beam.



Experiment 1: Bulk Compression

8/16/2022Los Alamos National Laboratory 6



Experiment #2: Laser Assisted Bunch Compression
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Small chicane: 2.58° bending angle, 
peak field 0.18 T, total length 30 cm. We 
can use RUBICON 1st buncher. CO2 
laser aligned with the beam.  



Available equipment: Bunchers and Modulators
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Available Equipment: Bunchers
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6”

19”

14”

15.7 deg
Total length 80 inches

• ATF has a large chicane, which is 1.5 m 
long and could be used instead of 
fabricating a new one:



Prediction for ATF Experiment
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• Laser assisted bunch compression has significantly lower gain and energy spread 
from the microbunching instability.

• We planned to measure this using x-band deflecting cavity at ATF, which could 
measure down to 10 um.



TCAV was Ideal Diagnostic
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• Transverse deflecting cavity (Tcav) is used to 
measure the longitudinal phase space of the 
electron beam.

• This is an ideal diagnostic because it allows 
us to measure for the microbunching
instability and the distribution after eSASE.

• Unfortunately, the klystron that drives the 
Tcav at ATF has broken.  We explored options 
for helping to repair it, but none of these 
options worked out in the end.



Alternate Diagnostic for Experiment
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Electron Beam hits 
foil, produces CTR

CTR radiation hits 
grating, breaks into 
different wavelengths 

Pyrometer array makes 
single shot measurement

Parabolic mirror focuses 
radiation onto detector



ELEGANT model – low energy spread
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Transverse phase space of the bunch at the 
entrance of the laser modulator. The bunch has 
an rms size of about 25 microns in both 𝑥𝑥 and 𝑦𝑦

and 0.7 mrad in 𝑥𝑥′ and 0.3 mrad in the 𝑦𝑦′-
coordinate.

Longitudinal energy distribution of the modulated bunch (left) 
and zoomed in view of the same bunch (right).

Drawing of the ATF beamline section that we modeled in ELEGANT. The bunch is 
injected, accelerated to ~60 MeV, and compressed by a factor of X before it enters 

Triplet 1. The bunch then propagates toward the right through the beamline.



ELEGANT model – high energy spread
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Longitudinal energy distribution of the 
higher energy spread bunch prior to 

entering the laser modulator. The 
bunch develops a chirp-like slope.

Transverse phase space of the 
higher energy spread bunch with 

the old matching optics setup. 
The odd boomerang shape and 
large spread in 𝑥𝑥′ is cause for 

concern.

Longitudinal energy distribution of the higher energy spread bunch after exiting the laser 
modulator. The full bunch is shown on the left and a zoomed in picture on the right.



Conclusion
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• We have an experimental plan to verify the prediction that eSASE and 
LABC can be used to suppress the microbunching instability.

• This test is planned at ATF.
• Testing was delayed due to lack of the TCAV diagnostic.
• We have a plan for an alternate diagnostic.
• Submitted an LDRD proposal to do this experiment, but the proposal was 

not funded.
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