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FIG. 1. Schematic diagram of the free-electron laser oseillator. - (For more details see Ref, 6.)
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SASE = Self-Amplified Spontaneous Emission

i~ FEL spectrum (LCLS-CDR)
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single-pass gain
© o o = =
~ (0)] (0¢] - \} ~

o
)V
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E=7GeV

g = 19/40 pC
o, =2 ps
c/E=1e-4
a,=1,1,=188cm, N, =3000
B*=2Zz=10m

o

1e-09

1e-08 1e-07 1e-06

normalized emittance (m)

[1] K-J. Kim, Frontiers in FEL Physics and Related Topics,
Sep. 8-14, 2007, Elba Island, Italy
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— gain ~ 20 %
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K-J.Kim o DERXER/MBRD /NG A—FZFR VD,
— ERLESAIRDEREEICHARATIETZEE

e FEL;EK= 0.1 nm (12 keV)

e 72ialL—42E#I=3000 (XJv7&K300 nm)
e NUFE2ps (FWHM)> =AKKETS
 small signal gain = 27%

o HiRsEFEX = 10%

o HIRIZ/\UKIE = 10 meV (4BxI1FE 0.8x10°)
. /\/?éﬁiéﬂgﬁeﬁlﬁﬂ‘iﬁysll/ 2=
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K-J.Kimbo @254 RI2aL—av Itk HRAMEB DB
AIRE ® supermode FEMTICKHBFfEAOE—L 2 XD EEMT
ORFfRIKF I Ial—IavIt LA RIREAMFE LR OE—L O XD EN

® BraggR §T DA TREEEL TLVEL
® Bragg R DAEIEL TREEE

O & IERMD supermode DHEE
® = X Msupermode LHEMIZEE

® gain =28%.loss =10% — P ,=19 MW, 6=0.85 ps. 6,=2.3 meV

® gain =27%.loss = 10% — P, =40 MW, ¢6=0.77 ps. 6,=2.5 meV
® single supermode FiERMNFESN B

Jt H IR 2T Dout-couple = 4% &9 5&. F=10° ph/pulse. B, ,,=1026-1028 (1-100MHz)
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FELEE 0.1nm. 7>2alL—4Xyvy7 5mm Z&R->=F%.
EBEFIRILT—% 7GeV >5GeV ELTHB,

7 GeV, A,=1.88cm, gap=5mm, a =1 — A=0.1Tnm
5 GeV, A,=1.43cm, gap=5mm, a,=0.59 — A=0.1nm

2
aw

il 1 JJ:JO(Q?)_Jl(é:)’ 522(1"'“5)
3

_p =
vy I, X 1, =17KA, I =peak current, X=modearea

1-Dgaine p° :éaf;/lfv[ﬂ]z

peak current, mode area [XEILERET D L.

p (5GeV) _
p*(71GeV)

0.65 7 GeV — 5 GeV T 1-D gain I& 2/3 f8E(Z%5,
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GE/E= 1 e'4

a, = 0.59/1
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N,, = 3000
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1e-08 1e-07
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K-J. Kim S/XIZH 1+ H iRk

To limit the reduction in the effective gain by the second
term in Eq. (2) to within 1%, we require u < 0.27,,, which
becomes u << 20 fs in the present case. The tolerance in the
timing of the electron beam is therefore 20 fs, and the
corresponding tolerance in the optical cavity length is
3 um. The angular tolerance A@ of the mirror may be
determined by requiring that the change of the optical axis
of the cavity be less than one tenth of the rms mode angle.

We obtain Af < 0.8(Zg/Loy)*\/A/2Ly. where L,y is the
length of the optical cavity. Taking L, = 100 m, we find
A@ = 8 nrad. These tolerances are tight but should be
achievable.

INVTFRAZUT DFEE < 20fs
HIRBEIS—EZTNDERE < 8nrad

normalized FEL efficiency
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Bragg S5—NAE%FE I HZET K-J.Kim et al,, PR ST-AB 12, 030703 (2009).
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FIG. 5. (Color) Closed circles: relative energy width r::',:;] of all
allowed Bragg reflections in diamond (C) crystals, in the sym-
metric scattering geometry, for Brage energies Egy up to 25 ke V.
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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o K-J. KINLIZKAHIRFIEXFELDIREZXZITT. FELOBITZEERKLT-=,

o AL IMEELBragg S HEHLI-5E (1 R RHFEKREDFELY S
l/—t/El.\/) o

o RIRDIEFIFILN RN 1=, faF1#& (L Gaussian-like 7EBFREIETH .

o 12 keV X#R. /N ILRBHT=Y 10° photon. i 2.5 meV,

o #21)i&L 1-100 MHz, B, .=1026-102 ph/mm2mrad?/s/0.1%BW
B, .=1026-1028 ph/mm&mrad?/s/10BW

® 5GeV ERL Tl%.40pC. 2 ps. 0.1 mm-mrad T, 71> 28% &% 5,

e Bragg S5—D1ERL. BAERIANDX G, EIRF|ODZBFIELTEF YLDV
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runchions of ERL, SASE-FEL & Xrel-0
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average peak repetition coherent bunch # of e
brilliance | brilliance rate (Hz) fraction width(ps) BLs
Non-perturbed
ERL ~10%3 ~1026 1.3G ~20% 0.1-1 ~30 P
measurement
XFEL-O " . _ Single mode
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FEL measurement
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(briliance : photons/mm=/mrad=/0.1%/s @ 10 keV)



