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Introduction

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

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

3. Proposed experiment to test this concept at ATF.

4. ELEGANT simulations of the experiment.
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Novel Accelerator Architecture

Our proposed alternative XFEL architecture may have a major impact on
the performance and energy reach of existing and proposed XFELs

. . . f 13 fsec
We would replace the second bunch compressor in a conventional design s . . l

Accelerator cells l«

.. Large
(1D O == ‘ ) (I / compressor :
/ \
RF gun accelerator /]‘ \\ /’ undulator . With Full Beam Chirp v,’ ) After Bulk Compression

AJ
~ 6 psec ~ 300 fsec ~13 fsec
2 2
N \ o
Compression of the entire bunch to the ~ 3 kA needed for lasing causes - 2
other problems — undulator resistive wall wake, microbunch instability, A i
CSR enhancement Beam Coordinate, A.U Beam Coordinate, A.U
300fsec 300fsec
Accelerator cells l, Modulat l,
odqulator ﬁ
with a modulator/buncher that keeps an overall longer bunch m—X\$mall compressor
/ \
(] ] Modulator v
CED _ . _ laser drive 47
/I\ 4 ‘With eSASE Modulation A// § After eSASE Compmssio\?\
~ 6 psec ~300fsec  still ~ 300 fsec but with 3-kA microbunches .
The other problems are reduced (or eliminated)with this new architecture asf 4§

A
-40 20 0 20 40 40 20 0 20
Beam Coordinate, A.U. Beam Coordinate, A.U.

Los Alamos National Laboratory 8/16/2022

40



Problem Being Solved

eSASE architecture eliminates the MicroBunch Instablllty (MBI) whlch is
recognized as the key limitation of existing XFELs Fmmm—m,
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The magnitude of the URWW is also reduced by

A microbunched beam eliminates the MBI growth mechanism e .
a factor of ~ 5, making it a non-issue
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Experiment will take place at ATF

« 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.
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Experiment 1: Bulk Compression
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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 15t buncher. CO2
laser aligned with the beam.
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Available equipment: Bunchers and Modulators
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Available Equipment: Bunchers

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

Total length 80 inches
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Gain 2

» Laser assisted bunch compression has significantly lower gain and energy spread

Prediction for ATF Experiment
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from the microbunching instability.
» We planned to measure this using x-band deflecting cavity at ATF, which could

measure down to 10 um.
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TCAV was Ildeal Diagnostic

» 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.
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Alternate Diagnostic for Experiment

Pyrometer array makes
\ single shot measurement

CTR radiation hits ff \
o —

grating, breaks into
different wavelengths “

——

‘ ‘ Parabolic mirror focuses
- e radiation onto detector

Electron Beam hits
foil, produces CTR
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ELEGANT model — low energy spread
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ELEGANT model — high energy spread

Longitudinal Energy Distribution Tranverse Phase Space
& ol x-x'
119.0 1 6
esl . Transverse phase space of the
1186 | . higher energy spread bunch with
5 e £, the old matching optics setup.
e 22 The odd boomerang shape and
118.0 1 7 . .
- large spread in x’ is cause for
117.8 4 61
concern.
-3 -2 -1 0 1 2 3 -8
. . . . . —ioo 6 1(‘)0 260 360 460 5[‘)0 6(‘)0
Longitudinal energy distribution of the X, y, microns
hlgher energy Spread bun(:h prlor tO Longitudinal Energy Distribution Longitudinal Energy Distribution
entering the laser modulator. The 1205 1 TR 1205 {
. . 120.0 4 - 120.0
bunch develops a chirp-like slope. o]
B 119.5
, 11901 , 1190 f | 1 i } { | !
S £ { i f | j ! : ! | f |
5 11851 & 1185 il | | 11 { | / i l |
118.0 118.0 4 } } J (11 , | f
117.5 117.54{ i g { ] ’ g : g 'j J
117.0 117.09 % 1 i LI | 1 L | 1 i 1 L |
1182 5 1 0 1 > 116'—Sojloo —-0.075 —0.050 —0.025 0.000 0.025 0.050 0.075 0.100

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.

Los Alamos National Laboratory 8/16/2022




Conclusion

* 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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