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Abstract

The influence of intracavity glass plate with parallel
planes on characteristics of FEL is theoretically
investigated. For the given thickness of the plate the
minimum of lasing linewidth is calculated. The decrease of
FEL gain with a intracavity etalon is estimated,
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The technique of linewidth narrowing using the
intracavity Fabry-Perot etalon had been demonstrated
previously on our FEL [1]. To conserve the longitudinal
modes synchronization we wused the etalon with small
thickness and reflectivity, actually it was simple 1.2 mm
thick glass plate. In this paper we improve the longitunal
supermodes [1,2] for this particular case. Let’s consider

the evolution of the wave packet

€(z,t)=Re [a{z-ct}e”kz'm}] : (1)



travelling inside the FEL optical resonator (see Fig.1). To
find the supermodes we are to write down the round-trip
transformation of wave packet (1):
- ;
a 2= J- Kl m ez, (2)
z
Eigenfunctions of this transformation are the
supermodes. Assuming al(z) is slow enough and X(z,z’)#0 only

at small z’-z we may expand (2):

a = Aa +Ba’“+Ca’’ (3)
with
[v1] (+a] 0 2
e JK{z,z+g]dg, B= Ixtz,z+glgdg ——_ sz,z-@ -‘z}-dg.
z =z =z

Let the electron bunches enter the FEL with period T,
and the bunch duration is much less than T. Then choosing w
/near maximum of amplification of the FEL we have the

transformation of amplitude:

v (Epelie oGz, (4)
f s i

where G(z) - gain per pass. For simplicity we suppose G « 1.
After that light is reflected by the mirrors and passes
through the glass plate (the simplest Fabry-Perot etalon).

The last one transforms the wave as follows:

8{[z]=$’i[z][1-—R1+Ré‘:i{z+[}], (5)

n-1
n+l

d - the plate thickness. To introduce slow amplitude it's
p :

2
where R=[ ] « 1, n - the glass refraction index, D=2ndp,

better to generalize (1) as:

&(z)=Relalz)f(z]], (6)
f(z+D)=f(z) - a periodical function. Then from (5) we
obtain:

RD®
af[z)mai[z} - RlZZl-::x.1 T (7)

If the optical length between mirrors is less than
the resonant one on value & the full round-trip

transformation over the period T is:

i G(z) T ’ = 2 1
af—al[l e ~2—] + a[[ZRD 28) + RD ai’s (8)
where ¥ - losses on the mirrors. Putting at_=ha1 at (8) we

obtain equation for the eigenmodes:

a'” - 2 RD“':. a’ + E—z[l--%m—h+s—éi}]=0. (9)
RD RD
-5
Substitution a=be gives:



b”+[1-%—A-R{1- ED Jz+ G;Z] ] L 5 =L (10)
RD
Choosing
Gn
Glz)= ———, (11)
2
ch az

we can obtain eigenvalues [3,4]

2G

2
st L opie S 32 ont %_ —{2n+1)+/1+

> D (12)

RD o’

Note, that duantity inside the square brackets is to
be positive. Therefore the maximal eigenvalue corresponds to
n=0 and

b=(ch az) ", (13)

s=—1— 1+ ZGG .3
5 -

(14)
2 RDzmz

The remarkable feature of this situation is the
finite number of eigenmodes: O=n=s. In particular case s<1

there is only one eigenmode (13). It's useful to rewrite

(12):

¥ Gu o) £ 2 -2 1 / ZGU
.;‘.:1— T s T _R [i"‘ "f}-'] _RD & [H+ ""2— ) ].+ T —l*I’l [.].5}
RD «

Last term explicits the reduction of increment due to

glass plate.

As above the threshold A is to be more than one, Gu

2
; ts)
is to be more than y+2R [I—hﬁ}u] \

Then for the thin plate

2
/2 e}
Ro

the reduction of increment for n=0 is

/ Gu
A =~ - aD — (17)

74, R

If we are interesting in the "maximal”

characteristical thickness we may put 8A=-G /4 and obtain:

-1 G{)R
D =« —_— (18)
max 8
and
§imer NG (19)
max 4n n+l 0
where u‘=-—~é—— - the electron bunchlength. In this case
vV 2 o
Sﬁ% and according to (13) the light pulse is

vV 2/R= Ej v 2 times shorter (by amplitude)} than the

electron bunch and the "minimal" linewidth is:



Here we are to remind that we do not specify the periodical
function f(z) Therefore spectrum might consist

of many peaks with relatively narrow linewidth (20).
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Fig. 1. Optical cavity with Fabry-Perot etalon.
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