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INTRODUCTION 
During the last year we re-configured the ATA injector to accommodate 

field emission cathodes. The injector is now run as a diode machine with a 
7 cm radius cathode, an A-K gap of 12.9 cm and a field stress of 190 kV/cm. 
The advantage of using field emission cathodes is we have increased the 
injector brightness by a factor of ten above the level we were able to reach 
using the low density plasma cathodes. 

EXPERIMENTAL CONFIGURATON 
The brightness tests were run on the ATA machine using the injector, 

about 2 meters of magnetic transport, and nine acceleration gaps. The 
measurements were made using two separate devices; a cylindrical collimator in 
the magnetic transport section and a "pepper pot" emittance box after the nine 
acceleration gaps. We began the tests using a field emission cathode made 
from a woven carbon yarn. The yarn was lacea through a screen mesh and then 
trimmed to a uniform height. Using these tufted cathodes it was relatively 
easy to change the number of emission sites per square centimeter. At the 
suggestion of R. Adler of MRC we began testing cathodes made from commercially 
available velvet cloth. The velvet was fastened to the substrate using an 
electrically conducting epoxy and several different types of velvet were tried. 

DEFINITION OF TERMS 
The definition of beam brightness that we use was suggested by Prosnitz 

and Scharlemann and is given by: 
2 4 
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*Performed jointly under the auspices of the U. S. DOE by LLNL under 
W-7405-ENG-48 and for the DOD under DARPA, ARPA Order No. 4395, monitored by 
NSWC. 
+This work was supported by the Director, Advanced Energy Systems, Basic 
Energy Sciences, Office of Energy Research, U.S. Department of Energy under 
Contract No. DE-AC03-76SF00098. 
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The V 4 term is the four volume of the phase space of the beam. The 
four volume of a cylindrical magnetic collimator, of radius R, was derived by 
Sessler^ and shown to be: 

2 2 4 V, = SJ£*~ (2) 

K = — S ^ _ . (3) 
y&mc 

Combining Eqs. (1) and (2), we have the brightness of the beam as a 
function of the magnetic field over the collimator. 

61 
K ¥ Y V 

(4) 

In order to compare our emittance data to the brightness data, we note 
that if the four volume is ellipsoidal, then 

2 2 

where £ n is the normalized edge emittance of the beam. 
This leaas to an average brightness term given by: 

J = T • ( 6 ) 

e n 
If we assume that the phase space is uniformally filled, then the edge 

emittance and the rms emittance are related by: 
e„ = 3e . (7) 
n nrms 
The measured values of emittance, e m, are taken to be rms values and so 

the brightness of a beam of emittance e n is given by: 
J = 2-K (8) 

EMITTANCE DATA 
We began the tests by using the emittance box without the collimator in 

place. The box consisted of a range thick graphite plate with a regular 
pattern of slots machined through it. The electrons passing through the slots 
excited a phosphor coated aluminum foil that was viewed with a gated TV 
camera. The optical data was digitized and stored as single frames of TV 
data. The measured value of the emittance is given by 

c = 6r Y 6 • 
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The angle 6, is found by taking the half width at half maximum intensity of 
each slot image and then averaging these angles over the entire frame. The 
radius, r, is found by generating a circle that encloses all slot images with 
an intensity greater than 50" of the maximum intensity of the frame. 

All of the tufted carbon yarn cathodes yielded a current of about 10 kA 
and the normalized rms emittance values ranged from 0.45 to 1.2 rad-cm with an 
average value of 0.75 rad-cm. This corresponds to a brightness of 
3.9 x 10 3 A/(rad-cm) . The velvet cathodes produced slightly less current 
(about 9 kA) but the emittance values were considerably lower. The range of 
values for the velvet cathodes was from 0.16 to 0.41 rad-cm with the average 
value being 0.25 rad-cm. This corresponds to a brightness of 
3.2 x 10 4 A/(rad-cm) 2. 

It was also noticed on using the field emission cathodes that the shot 
to shot repeatability of the cathodes was wery good. The beam appeared very 
uniform in intensity across its diameter and there were none of the "hot spots" 
that we had seen on the plasma cathodes. 

COLLIMATOR DATA 
Because calculating brightness data from emittance measurements requires 

assumptions about the geometry and filling of the four dimensional phase 
space, we wanted to confirm the brightness data with a different measuring 
technique. To measure the brightness directly we installed a 106 cm long, 1 cm 
radius collimator in the magnetic transport section. By measuring the current 
transmitted through the coillimator with a known magnetic field we could 
calculate the brightness according to Eq. (4). 

Because we were primarily interested in the velvet cathodes at this 
point, we took only one data point for the tufted carbon yarn. Using the 
brightest of the carbon yarn cathodes we transmitted 411 amperes through the 
collimator with an average B field of 978 gauss. This corresponds tu a 
brightness of 7.3 x 10 3 A/(rad-cm) 2. 

The velvet cathodes typically transmitted 2000 amperes at a B field of 
1000 gauss. The range in brightness values was from 3.1 to 
4.4 x 10 A/(rad-cm) z with an average value of 3.6 x 10 A/(rad-cm) 2. 

Data taken with the old plasma board cathodes using a 2 cm radius 
collimator showed that we could transmit only 3000 A with a B field of 
1000 gauss. This is a brightness of 3.3 x 10 A/(rad-cm) which is a facto-
of ten below the brightness of the velvet cathodes. 

By varying the current in the magnets surrounding the collimator we were 
able to examine the brightness as a function of the acceptance of the 
collimator (see Fig. 1). If the phase space were uniformly filled the 
brightness should have been independent of the acceptance of the collimator. 
At the low end of the curve the collimator is not quite a cyclotron wave 
length long and this will allow extra current to pass and give slightly higher 
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value to the brightness value. At the high end of the curve the acceptance is 
larger than the phase space of the beam and no more current is included by 
increasing the phase space. This will give a brightness value that is lower 
than the real brightness of the beam. Between the end points of this curve 
it is clear that the brightness is increasing with increasing acceptance of 
the collimator. This suggests that the beam is hollow in phase space. 

CONCLUSIONS 
The field emission cathodes have clearly shown that they are brighter 

and more shot to shot repeatable than our old plasma board cathodes. Since 
the fall of 1984 we have been using field emission cathodes exclusively on 
ATA and during the next year we hope to continue working on improving the 
performance of ATA using these cathodes. 
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