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To use the FEL pra(~tjc.9.11y .3.S powerful sources

of rni 11 imeter range radiation, there efficiency increase

to the terminology theis very actual. Correspondently

efficiency n of a source is the relation of Ws radiation

on the FEL output to the beam power:
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where are the electrons rest energy and charge,

Yo - electron relativistic factor,

I
b

- amplifier output beam current.

Experimental values of FEL generator and

amplifiers (with constant parameters) vary

rate to few rates /2.3/ Such a lirni t in

from

many

parts

cases

of

1, C'...)

relative to the FEL saturation provoked by the electrons

and electromagnetic wave synchronism violation.

In /4/ a few methods of -r; increase due to the FEL

parameters varying on the length ( tapered undulator field

B~. undulator period ~w ) are analized. The last time the

system with tapered field By is widely used because of

technical reasons. So. in FEL with a such

f 1 r-.W 1 t oJ oJ /:i / ha power 0 '.A' las ")een prOUllceU - w en

tapering

The results of experiments on the creation, starting

and FEL amplifier optimization on the base of LIlJ-3000

accelerat,or are given in t,his paper, The:=;e are t,he main

parameters of the set-up:
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FiB t. Experimental set-up cheme

ACCELERATOR 1 - linear induction accelerator

(LIU-3000). Output current I = 200 A, electrons energy

E = 1.5 MeV ( Yo=4), pulse duration T
b

= 200 ns.

UNDULATOR ~ - bifilar spiral with smooth increase and

abatement of the field on the borders, period ~ = 7.2 cm,
\r!

period number N=30, pulse duration T = 500 ,US, field

changing range - from 0 to 4 KG.

SOLENOID i 6-layer three-section coils, pulse

duration T = 2000 ~s, field changing range -

- 10 KG < Bo <10 KG.

PREGENERATOR - 8 mm range magnetron. the radiation

lead into the interaction region was made with the help of

wire grill 9 under the angle of 450 relati vely to the

electron beam movement direction.

Power and radiation composition measurements were

made by the semiconductor crystal detectors 10 and 11. The

value and pulse current duration, pased t,hrew the

inetraction region, were determined by the resistor

R~h signal. Input current was determined by the Rogovsky

coil 2.

The interaction region length Lo was imade by the

thick-wall cupper tube 6 moving inside of the wave guide

3. Inside of the tube the Band B fields effective
W 0

shielding was assured. From the beam side the tube 6 had

a smooth cone for the particular agreement of the orifice

and the wave guide 3. On the other side it had a form of
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trumpet 7 for the radiation output in the free zone.

[1881]/191

EXPERIMENTAL RESULTS.
EEL~ constant parameters.

The radiation measurements from the magnetron on the

cold track output have shown that it was presented by the

H
11

wave of the round wave guide. When starting the

accelerator and synchronizating the mahgnetron pulse end

with current pulse beginning from 10 and 11 detectors, the

signals composed of 2 maximums have been observed.

Characteristic oscillograms for the generation (B =2.1
W1

KG, B =-1.4KG)1 and amplifying (B =2.2 KG, B =-1.4 KG)
01 \/2 02

regimes are shown in fig.2,3.
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The passage from the first regime to the second was

accompanied by the monot,onous increase of first maximum

and decrease of the second one. When further increa~le of

the undulator field had place both maximums disapeared.

The test measurements have shown that the first maximum is

relative to the magnetron pulse and correspponds to the

amplifying, the second pulse corresponds to the radiation

lTl1.e net:a.t t?)e ?-,'al'ue of solenG'id field indtcate tl~at t ts

velocity of electron be~.
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generation. The dlsappearance of the second pulse when

~B",,,, > ,2.2 KG is l·elat~ve apparentl~' to the signal cutt-off

in the rneasurement circui t when the generated radiation

wave length increases.

It

n = (3-4)%.

saturation has place. The

f(Jeasured during the

saturation power is few

Mw. Th'e I b value was

(55-75)A so the 'f) of

the arnplifier can be

estimated

the output trumpet 7.

is seen that when

Lo = 100 em the amplifier

The fig.4 shows the

dependence of Ws power on

the L. measured by the

detector~ placed on the

distance of 100 em from
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Fi.8·4. F·L~U.\er dependance
on. interac t iOti len.~·.~t.

Extrapolatipg the measured dependence Ws=/(Lo ) before

t,he crossing wi th the coordinate axis we find t,he input,

amplifier power W
o

=(6-10)KW, that means that the increment

is (2 - 3 ) ~1 0 -2em-1

Taking into accou.nt, the recieved resul ts we made the

undulatopr tapering by the 1 ine.9.:t' low in t.he regi.on 105 em

Z 163 em. and field relation on the borders of tapering

was B"" (163 crn)/B",(lf) cm)=O.6. The FEL radiation power

increase was not observed comparing to the variant of the

l~mplifier wi th constant, pararneters. Such a negative resul t

can be explaned by a very late and sharp tapering.

For the further experiments the tapering form of the

undulator has been changed: the beginning of the tapering
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was shifted in the region where the saturation has not

place yet and the coupling with homogeneous field was made

smoothly. the neces!5ary configuration of magnetic field

was formed by shunting the undulator section (on two

periods) by sections of inductive two-wire conductors

with small active resistance. The magnetic field

measuremets were made by the inductive coil wich axis was

perpendicular to the undulator axis. The necessary field

values forming in the given point was made by the shunt

length selection. And at the same time wi th the help of

strobes the field measurement moment was fixed and the

current in the undulator supply circuit was controlled .

The relative mistake of all magnetic field measurements

does not exceed (1-2)%.
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The measured field values and theoretical curve are

s110wn on fig. 5. The chosen scheme particulari ty is the

fact that the tapering curve inclination depends on the t
d

measurement time. So, varying the beam injection time in

t,he undulator we can investigate the amplifying

dependence on the tapering form.

The FEL output radiation measurement were made by a

semiconductor crystal detector, placed on 2 m distance

from the outPUt trumpet J as well as by a pyroelectric
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detector with 0.6 V/MW sensibility. As a measyrement

re~ult we recieved a power on the amplifier output W ~
s

(20-30) MW.

The fig.6 presents the azimuthal distribution of

Ws=f(p) for magnetron and amplifier with tapering. It is

seen that the width of distribution in both cases is

practically the same.

So, the first stage on the FEL efficiency increase

was run due to the undulator field space distribution

selection

permi tting STn(\othJ.y

-the increase of the output power in 4-E\ times is

received and n is ~ 20 %;

-the measured angle distribution of the radiation on

thr amplifier output is near the analogously measured from

thr magnetron.
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