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X-ray FEL Oscillator = X-FELO

Bragg e-beam  Bragg

reflecto \ / reflector

undulator CRL K-J. Kim et al., PRL 100, 244802 (2008).

e lasing with 7 GeV, 20 pC, 1-100 MHz bunch
e fully coherent hard X-ray pulses
e average Brilliance = 1026-1048

(1) In a straight section of the loop

Electron Gun

. (2) In an additional single-ended branch
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X-FELO with 5 and 7-GeV ERLs
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‘ Proposal of velocity bunching at ERLL-05

Velocity bunching in a main linac

at the beginning of main linac ?

4 how short bunch ?

4 merging energy ?

4 emittance growth ?

4 energy-recovery OK ?

4 HOM loading to the main linac ?
a residual energy spread ?

Is it possible to make velocity bunching ~*r
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PARMELA simulation from a gun
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Energy Spread

AE/E

corrclated encrgy spread by longitudinal wake and RE curvature.

we assume a Gaussian bunch ¢ = 170 fs, Q=77 pC, TLSLA cavity.
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cnergy spread introduced by veloceity bunching :
c/E—-11x 10™

(final cnergy 6 GeV)

cf. 6/E~=34x1 0~ for BC 1n a half-arc.
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Velocity bunching in an ERL main linac

Main Linac

Velocity bunching in an ERL main linac was originally proposed

for ultrafast X-ray pulses from undulator radiation [1].

It 1s also useful for the operation of an X-FELO for the following reasons:
(1) no additional component is required
(2) first 2-3% SCAs are used for the velocity bunching
(3) residual energy spread is smaller than magnetic compression

(4) moderate emittance growth for low bunch charge
[1] H. lijima, R. Hajima, NIM-A557 (2006).



Gain reduction of the bandwidth mismatch
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In the following calculations, we choose 7, =400 fs




Example ot the velocity bunching
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Optimum design of the velocity bunching
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Enhancement of the FEL gain by velocity bunching
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Significant enhancement of the FEL gain by velocity bunching.
gain~40% is possible even with emittance growth during the bunching.



‘ Simulation of X-FEIL.O

intensity (a.u.)

120

0.0014 0.016
0.0012 0.014 +
—~ 0012 ¢
0.001 3
0.0008 g ooy
0.0006 - g %%
IS 0.006
0.0004 + T o004
0.0002 0002 |
0 —— — 0
4 3 -2 1 0 1 2 3 4 4 03 2 1 0 1
time (ps) time (ps)
1e+11 T T T T
1e+10 F - E
S -
=
8 1e+09 1
g
£
= 1e+08 | 4
@
n
a 4
. 1e+07 | 4
© ]
o
w
&  1e+06 | -
©
Ny
Q
100000 4
10000 ——— ! : ‘ '
0 50 100 150 200 250 300
round trip

saturation
100 | A
S 80
5 by
2 60°¢
2
(0] L
2 40
20 |
1 - i 0 n T - L L
3 4 4 3 2 1 0
time (ps)

After the saturation:

photons/pulse (intra cavity)
Np (intra) = 2x101°
photons/pulse (extracted)
Np (extra) = 7x108
pulse duration
1=1.2 ps (FWHM)
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Summary

Gain of X-FELO can be increased by velocity
bunching in the main linac.

Both the larger peak current and the smaller
energy spread contribute to the gain
enhancement.

For 1-A X-FELO at 5-GeV, Gain~40% is
possible. 2 margin for the X-ray resonator

Energy stability ~5x10~ may be challenging
for LLRF.
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