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We propose an efficient XFEL consisting of sequential RF undulator ﬂ) % or e-bunchN; ‘ | J\I\r>| l 7\;\]:
sections using: 1) tapered flying RF undulators, 2) short pulse, high peak-power | WA
RF and 3) driving undulator sections by spent electron beam. In a flying RF wldu / \.T.\>\>\>\> ‘>\>*'lll’
undulator, an electron bunch propagates through a high-power, nanosecond, co- A con&ept of flying Flying RF undulator geometry (helical
propagating RF pulse. Helical waveguide corrugation supports a space harmonic RF undulator corrugation) and interaction timing structure.

with a negative propagation constant, providing a large Doppler up-shift. The
undulator tapering technique Improves FEL efficiency by 1-2 orders of
magnitude in comparison with other facilities by decreasing the undulator period
so that particles are trapped in the combined field of the Incident x-ray and

r(z,p) =Ry +a-sin(22z/D + M)

undulator field. We develop a so-called non-resonant trapping regime not 277N
requiring phase locking for feeding RF sources. Simulations show that by N, =N, A D
decreasing the corrugation periodicity one can vary an equivalent undulator D 4 5 ; ; ;
period by 15%. The spent electron beam can be used to produce wakefields that hy >0, h,; <0,v, =—>0. _ 0 of th e 9 9
will drive the RF undulator sections for interaction with the following beam. We eyt [I).'dspe][sﬁ nr? I't elopedraltlng mo he (re_ 9
have already manufactured and tested the 30 GHz simplified version of the 50 A, =2r /(‘h_l‘ + k) ;?clm?ro t e helical undu a_tor w!t perio

- ugation 6 mm and dispersion of this
cm long undutlator section for cold measurements. Effective period of mode (red dashed) of the undulator with
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FEL scheme based on tapered RF undulators Yo LT &%52%
with decreasing equivalent undulator period. Yres@ T |
g L T The motion of the bunch relative to the " bsaeenm  Energy-phase distribution of particles in
I Y microwave pulse within one section and the ~ Dependence of corrugation oo e | (blue) and in exit (red).
> change in particle energy due to radiation. period In FEL consisted of
"o —— . |r316§:i|V|duaIIy tap.ered sections.
Lo e Bunch energy 600 MeV 0 - . MOO:
X-ray wavelength 2 nm %ﬂ Zﬁé L § oo
Charge 100 pC I L Foon -
Bunch length 0.17 ps % 0 : P e
T YO Bunch diameter 30 um EZE:: . T o] I
* _______ BRI Energy spread 0.1% 33; . N B T N N et P 0 20f ;O _6%%200'6» m ;OE:O :0 _
. D23 d s e 8 0 0 1 s s s iIciency of lasing alon s for In-
=i, e Section fength _ 1om Phasessecgti:onsnélglﬁbns phase undzlator sec%ions (?Jlack curve#l)
. _ Number of sections 16 . . .
Phase-energy distribution of particles < 0 o5 and for 5 different sets of sections with

during the passage of three sections of FEL. randomly distributed phases (curves 2-6).
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tapered undulator Bragg reflector
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