
7 DAA37 785 NEW RESUS SOF 'HEACOSTORAGERNGFREEEECRONASER 1/
U) STANFORD UNIV CA HIOH ENERG yP H ySICS LAB

MVELGHEET AL APR 83 HEPL-925A F0 SR-R R840096
UN6LASSFES F4962080C-0068 F/G20/5 NI



MICROCOPY RESOLUTION TEST CHART

I 122-A



_UNLASS.FTED
SECURITY CLASSIFICATION OF THiS PAGE ("M Data Snfoeodj

REPORT DOCUMENTATION PAGE BEFORE CMPLETT

.REPORT NUMBER 2. GOVT ACCESSION NO. 3. RECIPIENT'S CAL

AFOSR-TR. 84-0096 
4. TITLE (and Subtitle) - S. TYPE OF REPORT & PERIOD COVERED

NEW RESULTS OF THE ACO STORAGE RING FREE INTERIM
ELECTRON LASER

6. PERFORMING ORG. REPORT NUMBER

7- AUTHOR(s) S. CONTRACT OR GRANT NUMBER(o)

N. Velghe, M. Bergher, C. Bazin, K. Billardon, F49620-80-C-0068
D.A.G. Deacon, P. Elleaume, J.H.J. Madey,
J.M. Ortega. Y. Petroff, K. E. Robinson

S. PERFORMING ORGANIZATION NAME AND ADDRESS 10. PROGRAM ELEMENT. PROJECT, TASK
AREA a WORK UNIT NUMBERS

STANFORD UNIVERSITY
HIGH ENERGY PHYSICS LABORATORY 61102F 2301/Al
STANFORD, CA 94305

1 . CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE

AFOSR/NP DEC 13-17, 1982
Boiling AFB, DC 20332 Is. NUMBER OF PAGES

14. MONITORING AGENCY NAME & ADORESS(If different from Controlling Office) IS. SECURITY CLASS. (of this report)

.ASSeFIED
ISa. DECL ASSI FICATION/ DOWNGRADING

SCHEDULE I

IS. DISTRIBUTION STATEMENT (of this Report) 
S D

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20. if different from Report)

II. SUPPLEMENTARY NOTES

Presented at: International Conference on Lasers 182, New Orleans, LA
13-17 Dec. 1982.

19. KEY WORDS (Continue on reveree side inecessary and Identify by block numnb.,) E )SE ELECTE

FEB 13 1984'

2'0. ABISTRACT (Continue an reverse side If necessary and identify by block number)

-J \To improve the gain in the Orsay storage ring free electron laser experiment,
LL... the seventeen periods permanent magnet undulator was modified into an optical

klystron. We report the laser induced bunch lenghtening and the gain measure-
3 ment on the optical klystron and compare 0"ss to the undulator case.

DD I JAN 173 1473 EOITION OF NOVs65 IS OBSOLETE 

SECURITY CLASSIFICATION OF THIS PAGE (*%on Data Entered)



AFOS.-TR. 84-0096

(Presented at: International Conference HEPL 925

on Lasers '82, New Orleans, LA, 13-17
December, 1982). APRIL 1983

NEW RESULTS OF THE ACO STORAGE RING FREE ELECTRON LASER

M. Velghe, M. Bergher, C. Bazin, M. Billardon, D.A.G. Deacon, P. Elleaume,

J. M. J. Madey, J. M. Ortega, Y. Petroff, K. E. Robinson

High Energy Physics Laboratory
Stanford University

Stanford, CA

Acession For'
and NTiS GRA&I

DTIC TAB
Unannounced

L.U.R.E. Justificatic
Bitiment 209 C

Universit6 de Paris-Sud
91405 Orsay CEDEX France Distribution/

By-tribtionI

Availability Codes-

tDist

*Work supported by: Dret contract # 81/131

Centre d'Etudes Nucleaires de Saclay DPC/SPP/SP
C.N.R.S.
AFOSR F 49620-80-C-0068

ftiAL ibution unlimited.



wI

Pkeented a.t : INTERNATIONAL CONFERENCE ON LASERS'82,

NEW ORLEANS, LouiAiana, U.S.A. - 13-1? Vecembe. 1982.
-to be pub& hed in Ptoceeding6 of the Inteonatotat Con,'eAence on Laz.et' 82.

NEW RESULTS OF THE ACO STORAGE RING FREE ELECTRON LASER.

M. VELGHE (a), M. BERGHER, C. BAZIN, M. BILLAROON (b),D.A.G. DEACON (c), P. ELLEAUME (d).

J.N.J. MADEY (e) J.M. ORTEGA (b), y. PETROFF, K.E. ROBINSON (e)

L U R E - Batiment 209 C
Universitt de Paris-Sud

91405 - ORSAY - CEDEX (France)

(a) Laboratoire de Photophysique Moleculaire du CNRS*, BAtiment 213. Universite Paris-Sud
91405 - ORSAY - CEDEX (France).

(b) Ecole Suptrieure de Physique et Chimie, 10 rue Vauquelin,
75231 - PARIS - CEDEX 05 (France).

(c) Deacon Research 3790 El Camino Real N' 162,
PALO ALTO California 94306 (U.S.A.).

(d) Ddpartement de Physico-Chimie, Service de Photophysique, CEN Saclay,
91191 - GIF SUR YVETTE -_(France). -_. ...

(e) High Energy Physics Lab., Stanford University,
STANFORD, California 94305 (U.S.A.). --

ABSTRACT

sTo improve the gain in the Orsay storage ring free electron laser experiment, the
seventeen periods permanent magnet undulator was modified into an optical klystron. We re-
port the laser induced bunch lenghtening and the gain measurement on the optical klystron
and compare them to the undulator case.

INTRODUCTION ...

This work is a part of the results of the LURE STANFORD collaboration undertaken
in 1979 to examine the faisability of a free electron laser (FEL) using the storage ring
ACO at Orsay.

In a first step a superconducting undulator was built and installed on the storage
ring, several studies were conducted. The spontaneous emission of the system was observed
[1], the optical gain as a function of the electron energy [' ,] and the laser induced bunch

lengthening of the electron bunch were also measured, these results have already been repor-
ted-('] .. ..__ _ -- .. . .... --

-- The second step consisted in the contruction of a permanent magnet Halbach type

undulator - optical klystron [7-4-i] optimized at 240 MeV, the injection energy of A.C.O.,

this work has already been reported 1s] ... .. ...----..--..

. . Here we shall compare the bunch lengthening and the gain measurements made with
the undulator and the optical klystron. For a planar undulator, the gain reads

2 a ,n K N3  2 F1- cos x - sin x
G • xJ . .. . . 1 . (1)

A0 undulator period . - . .. . . . . .

N period number of the undulator ...

-: electron density
K : wiggler parameter (e 8 aO/2- mcI 80 magnetic field
nl : harmonic number . ... . .. .
rO  classical radius of the electron (e /mc ) ...
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y : electron total energy divided by the electron rest energy
x : resonance parameter - 4wn Ndy/y

jj]2 bessei function [Jn-i i2 (W) " Jn+l/Z ()12 with * n K2 /(4 + 2K2)

where Jn stands for the nth order bessel function.

Note that the charge density o the square of the undulator period X and wiggler parameter

K2 and the cube of the period number N3 give a good idea of the magnitude of the gain.
Therefore the gain is proportional to the charge density and of course the gain is inversly
proportional to the bunch lengthening.

The first order effect of the FEL interaction is to induce an energy modulation
in the electron beam, the electron being accelerated or decelerated according to the sign
of their initial phase with respect to the laser. This effect is very important on a sto-
rage ring free electron laser (SRFEL) where this energy modulation increases the energy
spread which accumulates from pass to pass. Energy spreading naturally leads to bunch len-

gthening [*] and contributes to saturate the gain by reduction of the electron density. In
case of low gain such as in the ACO experiment it is expected to be the main saturation
mecanism. --

.... ... To improve the gain we have modified the undulator.into an optical klystron ('1
The optical klystron consists (Fig._1) in an undulator with the central section replaced

I/ I //

UNO 1: 7*Periods UN 2: 7 Periods

I Dispersive section

- Figure I - Optical klystron magnet configuration. ..

by a dispersive element in which high energy electrons travel a'shorter distance than the
low energy ones. The dispersive section greatly increases the micro bunching of the rela-
tivistic electrons and as a consequence increases the gain. .........

-...-.Essentially the first undulator section modulates the electron energy, the dis-
persive section transforms the energy modulation into a spatial bunching, and the third
section gives a high gain with the modulated beam. _ ......

Figure 2 presents calculated spontaneous emission and gain curves for an undu-
lator and an optical klystron having the same total number of periods. The sinusoidal
like fine structure is due to the interference of the synchrotron radiation emitted by
the same electron in the two undulator sections.

To investigate the SRFEL saturation mechanism namely the bunch lengthening we
have developped a sensitive method ['1 to measure the laser induced change in the electron
bunch length.

.-. -- -.-.- -.-.
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Figure 2

a) Spontaneous emission

A oscillating curve with the disper-
sive section .

- smooth curve without dispersive
section

b) Gain

- oscillating curve with the disper-
sive section

- smooth curve without dispersive
section. -

EXPERIMENTAL PROCEDURE

The experimental set up is shown in figure 3. An argon ion laser is coupled to the
electron beam in the magnetic structure through a mode matching telescope system and an op-
tical transport system. Synchrotron light from a bending magnet on the ACO storage ring
is detected by a fast photodiode and the signal is sent to a spectrum analyser, lock in
amplifier or averaging oscilloscope, chart recorder and computer. ...... .

The synchrotron light emitted by the electron, consists in a serie of periodic
pulses whose period is fixed by the orbit frequency, and which shape is the electron bunch
shape. The spectrum of the signal from the photodiode will be a comb spectrum which envelo-
pe is the fourier transform of the electron bunch shape convoluted with the photodiode's
response ... .... . .... ..... .....

Under Idealized conditions the electron bunch shape should be a gaussian and

the fourier transform of the synchrotron light should have a gaussian envelope. .....

The power spectrum F(w) of the photodiode output will have the form .
(~ "-

_ P(w) exp -1/2 w a



where P(w) :response of the measuring sys tem
a :the temporal bunch length

0 :the detection frequency.
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The fractional change in signal amplitude is determined by the absolute change in the bunch
length and scales as the square of the detection frequency. Note also that the fractional
change in the detected signal is unaffected by the response of the photodiode, because P(W)
is absent of the final formula.

EXPERIMENTAL RESULTS

1/ Bunch lengthening measurement

Figure 5 shows the time averaged response of the electron bunch length to the
chopped external laser in the low current region (less than I mA total average current).
Note that a fall in F(w) in Figure 5 signifies an increase in the bunch length. This res-
ponse Is the same for the undulator and the optical klystron.

Figure 5 -

1 .B2psec -Time averaged response of the elec-
-tron bunch length at low current. The
.-upper trace shows the time dependence

cE*238M9V of Log F(w), the power output of the
K=23ig V photodiode detector at 1062,2 MHz
Kah92 harmonic of the orbit frequency. As
j s200psec described in the text. an increase in

the bunch length reduces the amplitu-
de of Log F(w). The lower trace re-
cords the laser intensity incident on

107mrsec the electron beam. -

Ilaser 7 c-

o , .t - - ..--....

...... The exponential response of the bunch lengthening is due to the storage ring dam-
ping time. The DC lengthening under this conditions was 5 % which Is In good agreement with
the theoretical prediction. However at high current there are Important deviations from the
simple stochastic theory which require the inclusion of more complicated behaviour In the
storage ring with the "free electron laser interaction.

.... - Figures 6 and 7 show the experimental spontaneous emission and bunch lengthening
at the external laser wavelength as a function of the gao between the pole faces of the per-
manent agnet undulator and optical klystron. The results are In good agreement with the theorem demonstra-
ted by Maldey [('] that themean squared energy spread is proportional to the spontaneous power spectrum. .

2/ Gain measurement :. .. . . .. . .. . . . . . ..

W e have measured the gain with an external laser, the experimental method has.
already been described [C_].j. A typical gain profiles versus the gap on the undulatqr K
parameter is shown in Figure 8 :(a)tis a gain with the seventeen periods undulator and
(b) with the optical klystron. As expected from Madey's theorem [1o] the gain is roughly
the derivative of the spontaneous emission curve (Figures 6(a) and (b)). The absolute gain
is in very good agreement with the predicted one. The optical klystron gives a gain enhan-
cement by a factor up to 7 (12) (according to the energy and ring current) compared to the
original 17 periods ufndulator. Moreover the maximum DC bunch lengthening measured as func-
tion of the magnetic gap is about the same for the undulator and the optical klystron. The
optical klystron gives a higher gain than the undulator for the same bunch lengthening,
confirming the prediction that the SRFEL should have more power with the optical klystron
than with the undulator (Il since bunch lengthening is expected to be the main saturation
process. _. . . . . .. . .

.. .. . . . . . . . . . . . . . . ... . . . -
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UNDULATOR OPTICAL KLYSTRON

Figure 6

Spontaneous emission as
function of the gap in
mm for the seventeen pe-

SPONTANEOUS riods undulatot (a) and

IEMISSION 
the optical klystron (b).
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Figure 7-

Laser induced bunch len-
jgthening as a function

BUNCH of the gap in mm. As
LENGTENINGpredicted from first
LENGTENINGMadey's theorem, bunch

lengthening is propor-
I tional to the sponta-
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CONCLUS ION

We have measured bunch lengthening with the seventeen periods undulator injr
optical klystron. The results have shown, at low current a good agreement between thecr-,
and experiment as far as the spectral shape and amplitude of the curve are concernec.
ever at high current regimes are dominated by anomalous bunch lengthening effects.

The magnitude of the gain and its dependence on the magnetic gap are also in a
very good agreement with the classical theory.
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