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Nirror Undulator Mirr

R. Colella, A. Luccio,
Opt. Comm. (1984)
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Z. Huang, D. Ruth
Phys. Rev. Lett. (2006).
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FIG. 5. (Color) Closed circles: relative energy width eﬁ} of all
allowed Bragg reflections in diamond (C) crystals, in the sym-
metric scattering geometry, for Bragg energies Eg up to 25 keV.
Open circles: the same for the peak reflectivity. Calculations are
performed with dynamical theory of x-ray diffraction in thick
crystals as described in [11]. Debye-Waller factors are calculated
using 2200 K Debye temperature.
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Synchrotron Radiation

Return Loop

Electron Gun

// Injector Linac

Superconducting Main Linac

T

3.5GeV  Merger

XFEL Oscillator

TABLE 1. Performance of X-FELO. See text for explanation of symbols.

Ap (A) L (GeV) Q (pC) K Ay (cm) Ny Zg (m) g (%) Zsim (%) r (%) P (MW)
1 7 19 1.414 1.88 3000 10 26 28 90 19
1 7 40 1.414 1.88 3000 12 55 66 83 21
0.84 7.55 19 1.414 1.88 3000 12 26 28 90 20
0.84 10 19 2 2.2 2800 10 42 45 83 18

K-J. Kim & PRL 100, 244802 (2008)

7-10 GeV, 19-40 pC MEFE—L > ERL &ELVNTA—S



XFELO with 5 and 7-GeV ERLs

0.3

1A X-FELO
- analytical estimation
_ 025 of small-signal FEL gain | | Energy | 5 GeV 7 Gev
.g 1_’ charge | 20 pC >
02 N\ 7 GeV - o, 2 ps N
™ R oe/E | le4 =
T 0.15 ‘._\,\ - a, 0.59 1.0
> | 5GeV TIERTIUHEYEL My 1.43 cm 1.88 cm
% . 5GeV p*=Zg | 10m >
005 | T ] £ 0.1 mm-mrad | >
| loain |14% 22 %
| 1 ! !
° 0.1 0.15 0.2 0.25 0.3
normalized emittance (mm-mrad)
The above calculations are based on a Halbach-type undulator.
DELTA undulator gives 1.4 times larger FEL gain.
FLS 2010 R Hajima

ICFA Beam Dynamic Workshop



Velocity bunching in an ERL main linac

Main Linac

Velocity bunching for a SASE-FEL injector L. Serafini and M. Ferrario, AIP-Porc. (2001)
Velocity bunching for an ERL light source H. lijima, R. Hajima, NIM-A557 (2006).
Velocity bunching for an X-FELO R. Hajima, N. Nishimori, FEL-2009

no additional component is required

only 2-3% SCAs are used for the velocity bunching

residual energy spread is smaller than magnetic compression
moderate emittance growth for low bunch charge
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ICFA Beam Dynamic Workshop



‘ Gain reduction by bandwidth mismatch

K-J. Kim et al., PRL 100, 244802 (2008).
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Enhancement of the FEL gain by velocity bunching

0.8

07 for 5-GeV, 1-A X-FELO

06 |
with velocity bunching

-
> 057 7.7 pC, 0.38 ps, og/E=5x10"5
-
Ll .~ e — &
w04 NOFEEEITRIL,
T 5GeVTHT+HRIET A1V
o 037
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TEU 0.2 B4 without velocity bunching
2 ol 20 pC, 2 ps, c/E=10

0 . . .
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normalized emittance (mm-mrad)

Significant enhancement of the FEL gain by velocity bunching.
Gain~40% is possible even with emittance growth during the bunching.

FLS 2010 R. Hajima 13

ICFA Beam Dynamic Workshop



J-H. Dai, H. Deng, Z. Dai, Phys. Rev. Lett. 108, 034802 (2012).

X rays
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Bragg energy £, Bragg energy F,

Bragg energy EH

Bragg energy F .

@EHEA T, SR DA 7 F iRk

3.5GeV T 1AM XFELO

TABLE I. The main parameters of harmonic lasing XFELO.

Parameters Third harmonic ~ Fifth harmonic

Crystal_ Bragg energy Ey @ 20.71 keV 10°

Phase jump A¢ 47/3 6m/5 — (. 1nmm

Undulator period A, 15 mm 15 mm e () 311111

Undulator number N, 1200 1200 .

Undulator parameter K 1.3244 1.3244 10T i = s

Beam energy £ 3.5 GeV 3 B’XIEJ EE];

Slice energy spread o 100 keV 100 keV EB

Beam peak current / 20 A 100 A 5 1074

Slice emittance g, 0.083 pm-rad 0.083 pm-rad E

Single-pass gain g, 65% 72% é

Total cavity reflection r 80% 80% - N

Cavity length L, 150 m 150 m 0] EZK'& AN
Bragg crystal C444 C(5.5.9)

FWHM spectral width 5.5 meV 24.6 meV

FWHM temporal width 463 fs 107 fs 10_80 0 100 =0 00 250
Photons/pulse 0.86 X 10 0.24 X 108 ) Round trip# -
Output peak power 0.35 MW 0.74 MW
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Harmonic XFELO performance (r. Lindberg,

K.-J. Kim et al.,
FEL-2014

with a new code with exact total energy conservation)

Input Output
Electron beam
yme 4 GeV Parameter Value 041 PO —1
Ity —
/Y 0.0125% Power 0.42 MW s 03 1
50 pC/ . 3
140pfs (rms) 120A # photons 1.6 x 108 5 oal
Exn 0.2 pm AT wum 265 fs o’
0.1
Undulator AEyin 6.8 meV
A, 2.6 cm 0 . . ‘
_ Tr 600 -400 200 O 200 400 600
K 1.69 0.1 | ) |
N, 2500 0.01 | P(E) —
Cavity 3 0001 9 R(E) —]
Zy, 11 m S 0.0001 f ..g; 06 |
7] L
R 75% G 1e05¢ £ 4l
_ S 0.
1e-06 =
Radiation el @
. 1€-07 | 0.2 r
Mraa - 1e-08 | : : ' o . . N
harmonic ( 52 0 50 100 150 200 30 20  -10 0 10 20 30
I6LS Il Harmonic XFELO F S;X% Eﬁi pass number AE (mEV)

Y
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<70/N)LRE—FR
SASE-FEL CERLE-#ZDE

beam energy Ep

bunch charge ¢

bunch length (rms) tg
peak current /4
normalized emittance &,
slice energy spread og
energy chirp Echirp
betafunction f  at wy
radiation wavelength Ag
undulator length Ly
undulator periode Ay
cavity length Lcgy

focal length f
round-trip reflectivity R,
output coupling T,y

J. Zemela et al., FEL-2012

<70/ VAN TR spent beam
GeV 14.5
nC 1.0 rms slice energy spread og 0.45
fs 75.6 detuning parameter 7 0 6.36
kA 4.9 gain per passage 1.1 0.105
mm mrad 1.0 round-trips to saturation 26 190
MeV  0.45resp. 10 photon pulse energy Ep wJ 286 211
MeV 10.0 rms photon pulse length p fs 42.8 52.2
m 6.0 relative spectral width fe 107 R.17 7.6
H 0'11__039 time bandwidth product 0.64 0.73
:E UiJ[i 9 photon beam size at wq g, lm 14.0
m 66.69 photon beam size at L1 o1 L 39.2
m 18.89 opening angle fg urad 2.33
0, R7.5 couple out photon per pulse 109 5.93 4.37
o 4 peak brilliance PB B-10* 1.1  0.69

frep = 200 ms

trep=0.220 us

\..__——v——-_../
2700 bunches

I

tpr = 670 us

time

4.5 MHz x 2700 bunches



fo IV A X &R O] 25 6

J. Zemela et al., FLS-2010

A

Y

~30m

A =2dsin(0p), AN =2d (sin (0 + Af) —sin (6p))

Resonator length ~ 67m

h"?n'i'n . 0.50m

honaz 3.75m

AO : 97 mrad

AD)) . 6.2 . 10*3 Here h,,;, not suitable small

A because of the undulator brace.
Assumptions:
hmin = 0.5m

N 2 — - hmu,r = 3.75m
BREZZSICIE 5
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10-50 pC, 1-10 MHz, < 0.2 mm-mrad
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Diamond Crystal is well-Suited for XFELO

Diamond Reflectivity Studies: C(008) @ 14.3 keV
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