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ELECTRON BEAM DENSITY OF CRYEBIS FRECH II ELECTRON GUN 

Abstract. 

Xhii report give* a method to calculate by computer -programming the 
FBRCR I I - electron bean density. Thi* method cons is ts in taking current measu-
renents on a 1/10 mm tungsten-wire, to determine the electron-beam density 
pro f i l e . 

Resume. 

Ce rapport décrit la méthode employée pour trouver la densité du 
faisceau électronique issu du canon FRECH II. Il décrit le programme de cal
cul réalisé qui, 2 partir des mesures du profil de faisceau sur un fil de 
1/10 wn,permet le calcul de la densité. 



I . Apparatus * 

In t h i s study we use the Fros t - type e l ec t ron gun ( I ) s c a l e 2 . I t con
s i s t s of a cathode, a focusing e lec t rode (Wehnelt) and an anode as shown in 
f igure ( I ) . This gun i s magnetically sh ie lded . The d is tances between gun-
sh ie ld ing and cathode-wehnelt could be adjusted by s e n s i t i v e micrometers. 

Around the cathode there i s a small c o i l for cance l l ing r e s i d u a l ma
gne t i c f i e l d . The gun and i t s support (A) F ig . (2 ) a re placed in front of a 
solenoid (B) t ha t gives more than 5200 gauss for e l ec t ron team confinement. 

The e lec t ron current i s measured on a Faraday cup (C) with wires 
t ha t can he moved, in the three dimensions. 

The vacuum i s obtained by two cryogenic pumps tha t uses l i qu id He or 
N». The two pumps (D and E) hove pumping speeds of 300 and 400 l i t r e s / s e c r e s 
pec t ive ly . On.using l iqu id helium the apparatus operates four days while for 
l i qu id n i t rogen i t works one and hal f day only . After continuous opera t ion for 

th ree weaks the pressure reaches 5.10 mm Hg when the cathode i s cold and 
-9 2.10 mm Hg under opera t ion. 

The filament i s heated by a 20 KHz 7.1 V-13A supply. The cathode tempe
r a t u r e reaches 1i0O*C. 

For e l ec t ron bean ex t r ac t ion , a pulse generator (2) with amplitudes of 
10 KV-2 A and pulse width 20 us i s used'on the cathode. The anode i s kept a t 
zero p o t e n t i a l . The wchnelt i s a t the cathode p o t e n t i a l . 

The bean teBter as shown in f igure (3) cons i s t s of a diaphragm in 
front of two wires of thickness 0. Inn perpendicular to each o ther and a cooled 
c o l l e c t o r put a t the end of a rod t ha t moves in the three d i r e c t i o n s by micro
meters . The study of the e l ec t ron beam p r o f i l e i s made by the use of the two 
wi res . An x-y recorder i s used to draw the e lec t ron bean p r o f i l e by moving one 
wire across t he beam ax i s . 

The e lec t ron cur ren ts on the diaphragm, the two wires and the c o l l e c 
to r a re measured through a lOfl r e s i s t ance on an osc i l l o scope . The wires a re 
polar ized with respect to the c o l l e c t o r F ig . (4 ) to avoid the secondary e l ec t rons 
emissions. 
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II. DENSIT program. 

First of all, we control that the vertical and the horizontal wires 

give the same profile. Then, we can calculate the density. If the profile is 

not exactly symmetrical which ÏB the general case, then we calculate the den

sity for each half part of the profile. This is made by the DENSIT computer 

program that we now briefly describe. 

1. In this program, we calculate the average electron density in elec

tron bean cross-section (BJBAR). The experinontal electron density distribution 

profile do not gives the true value since the beam is distributed along the 

length of the wire. 

By using Che experimental profile, we calculate its total area by 

using simpson's rule 

Area - £ (Y +4Y.+2Y,+4Y,+2Y, ... +2Y „+4Y ,+Y ) 
J o 1 * i *t n—£ n~ l n 

where Y , Y,,Y 2 ... Y are Y values corresponding to equal displacement h in 

the X-direction. 

2. In this method the profile Fig.(5) is devided into vertical ele

ments by the lines Y | (, Y 2, Y 3 . . . Y n . 

The ratio between each small area and the total area multiplied by the 

total electron current gives the current distribution in each element. To eli

minate mistakes due to the reading, we utilise the mean value between two suc

cessive points (Bl or B2) which are called BMl and BH2 which corresponds to Che 

values before and after the maximum value (NMAXI) respectively. The values BMl 

and BM2 are arranged for computer calculations,and called BI(IA) where IA* 1,2, 

3...,NMAXI. 

3. The second part of this program dévides the cross-section of the 

electron beam into small areas which arf; calculated and has special indices Co 

be arranged in a matrix. 

First the cross-section is divided into vertical areas as shown in 

Fig.(6) which are called S(N,NMAX). SS(N.NHAX) is the area of the sector. 

In calculation of the next vertical element the area of the first ele

ment is subtracted which is called (SIG) where 
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SI6 « SIG + S(N,NMAX) 
2 

SS<NtNMAX) - «|- (jgg- - «in a) Ref. (3) 
2 2 

S(N,NMAX) « — - - ~ ( y ~ - sinot) -SIG 

TTr2 

where -5— i s the to ta l area, a the angle of the sector . S I C - 0 in the f i r s t 
calculat ion. 

4< The next step i i to subdevide the cross-Bec ci on area in to c ircular 
areas in a Manner as shown in f i g . (7 ) each surface element i s ca l led A ( I , J ) . 

The area A(I,J) i s calculated by subtrac t ion between two successive 
colUNIS in the same vert ica l element e .q. A(l ,6) • S{1,6) - S ( l , 5 ) . 

The arrangement of elements of area A(I,J) are changed Co the arrange
ment B(IR,JRZ) as shown in f i g . (7 ) . 

5 , By using the values of B and the currents BI(IA) the UN I VAC sub
routine SEQL(NMAX,B,BI) solve the fallowing system of l inear equations 

, + J , B , , + J , B . . + J - B ; , + J , B , , 

x 6 °6 "66 

This systea of linear equations has this arrangement up to the value of NMAXI 
in Che progran. In these equations I,, I?'" r e P r e s e n t s BI(IA) and J.,J2,J3... 
represents BI(II) SEQL inverse the B-uatrix, and give the calculated solutions 
of the density in BI(II) where U-l.NMAXl. 

6. The area of the circular sections SAB(I), SAB(2)... are calculated. 
These areas arc added successively and called SINT(I), SINT(2)... as shown in 
Fig. (8). 

A 



vhere SIHI(l) - SAB(l) 
SINI(Z) - SAB(I)+SAB(2) 
SMI(3) - SAB(1)+SAB(2)«AB(3) 

; 2 
SIHT(NMAXI) « 2 y -

For calculation of the average electron density ve use the equation 

BJBARWJ) - MBAKWflS-SIMffiJMQ+SABffln.Bimj) 
SINT(NJ) 

where BJ8AR is the average electron density 
SINT(NJHl) is the area corresponding to (NJM1) 
SAS (ItJ) is the circular area corresponding to (NJ) 
BI(NJ) is the calculated density BI(II) 
NJM1 - NJ-1 

Uith this progran the average electron density is calculated for each half part 
of the profile. 

Ill» Results. 

The electron distribution prof i le of the electron beam extracted from 
the electron gunFRECH II i s measured by a beam tes ter and drawn on a X-Y r e 
corder Fig . (9) shows the electron average density (A/cm ) on the tvro s ides of 
the beam calculated by the UNIVAC computer. 

The experimental conditions for the electron beam prof i le are 

V e x - 1 0 K V 
I - 2 . 1 5 A 
fl -5200 gauss 
2B1= 50 gauss 

The difference between the two curves shows a small dissymetry of the beam which 
has to be corrected by a small displacement of the gun. 

Conclusion. 

The DENSIT program, which gives rapidly the density in the center of 
the beam, and the density on its both sides» ia a good way to study and to opti
mize the electron guns. 
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FM. 8 AVERAGE ELECTRON DENSITY DISTRIBUTION CALCULATED 

BY COMPUTER FORTRAN IV. 

. left side of the beam profile 

right «We of the beam profile 

v=io KV 
1=2.1 A 

B = 5200 

SB = 50 gauss 


