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Dverview.

® The transverse gradient undulator (TGU) is a concept
for reducing the sensitivity of the FEL gain with respect to
the energy spread of the electron beam.

> Previous studies include:

low gain regime: T. Smith et. al., J. Appl. Phys. 50, 4580 (1979).
N. Kroll et. al., IEEE Journal of Quan. Electro. QE-17, 1496 (1981).

high gain regime (1-D theory and 3-D simulations): Z. Huang, Y. Ding and C.
Schroeder, PRL 109, 204801 (2012)

» In this talk, we present a 3-D theory of a high-gain
TGU-based FEL and discuss some numerical examples.



Introduction
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v" For beams from plasma wakefield accelerators, it is hard to
satisfy this condition (low emittance and high peak current but
also large energy spread).
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Self-consistent 3-D.theory.
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» The background distribution for the dispersed beam:
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v" Assuming a trial solution of the form

3 X )
A(x) = exp(—azx” + bx) exp(—a,y”)

we use a variational technique to obtain an approximation to
the growth rate of the fundamental FEL eigenmode.

v The final dispersion relations can be expressed in a fully
analytical form (allows for fast calculations).

v" The eigenmode analysis can be extended in order to take
into account emittance in the y-direction as well as the
undulator natural focusing.

v" However, we disregard natural focusing in the x-direction

(~ (yn)?t, typically weak) and assume that a small net bending
(~ By /y) has been corrected.



SoftX=ray FELwith 1 GeV.LPA'bheam

LETTERS

GeV electron beams from a
centimetre-scale accelerator

W. P. LEEMANS'', B. NAGLER', A. J. GONSALVES?, Cs. TOTH', K. NAKAMURA' 3, C. G. R. GEDDES",
E. ESAREY'*, C. B. SCHROEDER' AND S. M. HOOKER?

F 1GeV,A,=1cm,K,=2
radiation wavelength A .= 3.9 nm
I 10 kA peak current,
E 0.1 mm-mrad norm. emittance
E 1% energy spread

o)

x= 0, "~ 10 um
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SoftX-ray EElNin an'Ultimate Storage Ring,

I Asingle pass, high-gain FEL based on an ultimate storage ring
(USR) may be possible using a TGU.

v" The undulator is placed in a bypass next to the ring.

v" Rotate by 90° to take advantage of the very low vertical emittance.

PEP-X as an example

y (Y. Ding et al., IPAC-13)
< F 45GeV, A ,=2cm, K, =3.68
<« ¥ radiation wavelength A =1 nm
v = 7, E 200 A peak current
it 0.0123/1.23 mm-mrad n.emittance

0.15% energy spread

o, ~ 10 um, 6, ~ 40 um



For a dispersion ~ 3-5 cm

v’ Saturation within 100 m.

v" Roughly a round
electron/radiation beam (better
transverse coherence).



SUmmary.

A self-consistent 3D theory has been developed for
a TGU-based, high-gain FEL.

We use a variational method to determine the properties
of the fundamental FEL mode.

In the parallel beam limit, we derived fully analytical
relations.

This model has been be extended to include vertical emittance
and natural focusing (relevant for USR-based TGU FELs).

The theory agrees with simulation as well as other
analytical results and can be used for optimization studies.
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