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Results presented here use the idea of transverse to longitudinal emittance
exchange

M. Cornacchia, P. Emma, “Transverse to longitudinal emittance exchange”,
Phys. Rev. ST Accel. Beams 5, 084001 (2002)

P. Emma, Z. Huang, K.-J. Kim, P. Piot, “Transverse-to-Longitudinal Emittance

Exchange to Improve Performance of High-Gain Free-Electron Lasers”, Phys.
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Variant 1

(manipulate longitudinal phase space
with ease of a transverse phase space)
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Variant 2
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Thin cavity approximation:
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One can cancel unwanted energy gain using two TM,,, mode side cavities
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FNAL: SRF five cell prototype

SLAC: copper X-band LOLA

E cam = 250 MeV

fop = 3.9 GHz

V, =4 MV (1m, 3x7 cells: Li, Corlett)
V,=0.4 MV

k=0.013cmt?

E cam = 250 MeV
fop = 11.4 GHz
V,=22 MV (0.5 m)
V,=6.6 MV
k=0.21cmt
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First leg of emittance

exchange scheme 1 L0A X
O 1 0 O
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Define:

S, - bunch length before compression,

S, - uncorrelated relative energy spread before compression, and
h=d(InE)/dz - energy chirp before compression

S ;. - bunch length after compression,
S 4 - uncorrelated relative energy spread after compression

Using entire mapping one obtains :

2
s, :\/ 1. hx(i+m) s; +X2(i+m)25§
f m m m !

S, :m\/hzsj +5,
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No chirp case, e.g., h=0

2
S, 1
s, :J L+ m)s

m m '

S, =mMs,
Case 1
1 S,
XS, (—=+m)<<—  then S, »S,/m
' m
Case 2
S

XS, (—+m) >>_%  Thenthe compression is not yet finished
| m
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The last element of proposed BC is the chicane/dogleg with its R,
used to cancel the R, accumulated upstream

\ R, =-x(1+1/m?)
1 O O 0
2
Then, the entire mapping takes the following form: - kKx 1 01 0
O O -— O
m
O O O -m
. _ 1
... and we obtain for the final bunch 5, =—5,
length and relative energy spread: m
Sy =MSs,
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... Or one may prefer to wait until the electron beam gains energy
from E; to E, and do the final compression at E,

Then R, for the final step should be:

E
s =-X(A+1/m*)=2
R, X ( m)El

1
... and we obtain for the final bunch g asa
length and relative energy spread:

51

deiE
2

Possible advantage of a Deferred Compression is reduction of the
gain of the microbunching instability and impact of other collective
forces:
a) electron bunch is not yet compressed to the shortest size
b) energy spread has already grown up to the final value
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Because there is no need in energy chirp for compression:

a) one can use BC even after the linac and obtain final
compression in a “spreader’/ “dogleg” part of the lattice

leading to FEL

Gun L1
]

i

L2

Spreader

BC

SN

\

R, =- x(1+1/m?’)

b) or use two BCs, one in usual location and one after the linac
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Accelerate a relatively long bunch in the re-circulating linac without a
chirp and compress it in the final arc.

FEL

TR
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NN

New type of a
bunch compressor

Possible cost saving
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Jitter studies

No adverse jitter effects are found:

Timing jitter is compressed by a compression factor and energy

jitter is increased by a compression factor:

Dt® Dt/m
DE ® DE M
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lllustration

In the following numerical example we use:
fop = 2.85 GHz

k=0.05 cm™

cavity length=1m

At E, = 250 MeV this corresponds to:
V, =21 MV
V,=-8.7 MV
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lllustration: compression by a factor of 15

| | T - |
i Al L ol
” o U117 1T U7 T U
Bl BZ tcav B2 Bl B2tcav pgo
= 300. : : ' : . . _ 1.0 =
"‘é_ B'l. !-‘l"i &| ( —U.E E
250. - :

...l'.rl"'.ll' J Blz 0.10 -— 0.6
j ;= 0.0445
/ A + $

15:]-—- /;: | \ /

0.2

- 0.0

| : b, O 25 m [ 02

100. b =56 m .
50. — \_\ -0-6
] -0.8

0.0 — . _ 1.0

0.0 5. 10. 44,
s (m)

O

Lattice functions for a bunch compressor with a telescopic factor m=15.
Note, matching of the vertical beta-function was not pursued.
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Numerical values of beam sizes at key locations
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Same as before, but with a reduced energy spread to 5 keV
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Same as before, but with a reduced beam energy to 100 MeV
This may eliminate a need in the laser heater
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Emittance degradation
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space charge induced energy modulation in the telescope section can
transfer into the coordlnate space and be seen as emittance degradation
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No emittance degradation is expected
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Coherent synchrotron radiation
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035

crit

Even for E=100 MeV and s =5 keV, kgs, @15

Conclusion: CSR is largely suppressed
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Compression factor,
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Compression factor, m=5
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Peak current after compression, kA
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Echo:
harmonic number = 20
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Total harmonic number = 20x10 = 200 !
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It is often desirable to get rid off the tails in longitudinal distribution
and proposed scheme can be used as efficient tail cutter

collimator
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It is possible to create a sequence of a tightly spaced
microbunches using a sequence of slits

Collimator with slits

Using demagnification of the beam size before slits and
magnification after the slits can help to obtain a real tight
spacing of microbunches
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Longitudinal phase space tomography

X- p, tomography here

J Is d- ztomography there
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1. Efficient electron bunch manipulation in the longitudinal phase space
can be accomplished by first exchanging longitudinal and transverse
emittances, manipulating electrons in the transverse phase space and
finally exchanging emittances back to their original state.

2. One application is bunch compressor that does not need energy chirp
* This can also be used for a compression of any features
introduced to the electron bunch, like, for example energy
modulation produced in interaction with the laser.

3. Proposed techniques for a bunch compression allows deferred

compression that might be useful to mitigate possible adverse effects
caused by collective forces.
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