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Introduction 

The NIST-Los Alamos Racetrack Microtron (RTM) is 
designed to deliver a low-emittance electron beam of up 
to 0.5 mA cw over an energy range of 17 MeV to 185 r~eV. 
Fed by a 5 MeV injector, the RTM contains two 180° end 
magnets that recirculate the beam up to 15 times through 
a 12 MeV RF linac. The linac, which operates in a 
standing-wave mode at 2380 MHz, has been tested to near
ly full RF power. At present, the injector has under
gone beam tests,l and the beam transport system is com
plete through the 12 MeV linac. A temporary beam line 
has been installed at the exit of one end magnet to 
measure the beam energy, energy spread, and emittance 
after one pass through the accel erator. Prel imi nary 
results indicate that the accelerated beam energy spread 
and emittance are within design goals. 

Accelerator Description 

The RTM and injector, shown in Figure 1, are con
nected by a 180° achromatic beam transport system (shown 
in Figure 2), which injects the 5 MeV beam onto the RTM 
accelerator axis. The two end magnets recirculate the 
beam through the 12 MeV linac up to 15 times by way of 
separated return lines. A single, 500 kW, cw klystron 
delivers RF power to four separate accelerating sections 
(two on the injector and two on the RTM axis) by way of 
a waveguide RF distribution system. The phase and 
amplitude of each linac section are independently con
trolled. Tests of the RF system2 have confirmed that 
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phase and amplicude stability are well within design 
requirements. 

To measure the effect on the electron beam of the 
first-pass acceleration through the RTM linac, a tempor
ary beam line has been installed in place of the return 
lines at the exit of end magnet E~ parallel to the linac 
axis at a displacement of 66 cm. This configuration is 
shown in Figures 3 and 4. Included on this one-pass 
return beam line are three viewscreens, spaced three 
meters apart, to determine the beam position, shape, and 
approximate si ze. A wi res canner assembly3 is i ncl uded 
near each viewscreen for more precise measurements of 
the beam size. A Hall probe, calibrated by an adjacent 
NMR, is used to measure the end magnet field. 

Beam Transport, Acceleration, and Measurement 

Conditions calculated to provide achromatic beam 
transport have been verified experimentally for each 90° 
section of the 180° transport beam line between the 5 
MeV injector and the RTI~. The final dipole magnet in 
the transport system deflects the 5 MeV beam through an 
angle of 15° onto the RTM accelerator axis. Three low
field steering magnets (S16-S18, Figure 4), one located 
at each end of the linac and one between the two linac 
sections, are used to keep the beam on the accelerator 
axis over the 12.5-meter distance between end magnets. 
Quadrupole doublets (Q6 7and Q8 9' Figure 4) are located 
at each end of the RTM 11 nac. ' 
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Figure 1. Plan view of the completed RTM. 

*Present address: 10500 Pine Haven Terrace, Rockville, MD 20852. 
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Figure 2. 

Figure 3. 

View of the RTM from the top of end magnet E2, prior to completion of the one-pass return line. The 
1800 beam transport line, with the magnetic shields removed, is to the left and bottom in the picture. 

View of the RTM from the top of end magnet E1, showing the one-pass return beam line to the left of the 
RTM accelerator axis . 
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Figure 4. Plan view of the RTM with the one-pass return line. 

The 5 MeV beam was aligned on the RTM accelerator 
axis and deflected by end magnet E1 onto the one-pass 
return beam line. The RF power in the first linac sec
tion was raised to about 100 kW, and the accelerator RF 
phase was adjusted to maximize the beam energy gain, as 
determined by the magnetic field in E1. This sequence 
was repeated with the second linac section. The maximum 
beam energy attained with power in botn accelerators was 
16.2 MeV, limited during these preliminary beam tests by 
the voltage gradient sustainable in the second linac. 
This limit will be overcome as linac conditioning con
tinues. 

The power in the accelerating sections was reduced 
by about 10% for the sustained operation required to 
carry out the beam tests. Figure 5 shows the acceler
ated beam spot produced on viewscreens along the one
pass return beam line axis. The beam is about 1 mm high 
(y) by 2 nrn wide (x). With no steering applied beyond 
the middle of the linac to the end of the one-pass 
return line, the beam passed within 1 mn of the center 
of each views creen, indicating good alignment of the 
beam with both the accelerating field s and magnetic 
guide field s . 
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Fi gure 5. Image of acce l erat ed beam on vi ewsc reen s 
loca t ed three met ers ap art on one-pass ret urn 
1 ine ax i s . a) 1 rn from E1 ex it , b) 3 In f rom 
(a), c) 6 m f rorn (a ). 

(a) 

(b) 

k- 0. 78 mm 

( c) 

Fi gure 6. Osc ill oscope traces of the signal produced as 
the y-sca nn ing wi res pass through the 
acce l erated beam on t he one-pas s return 
1 i ne . 
a) Beam y-profi l e about one met er from th e 

exi t of end magnet E1. 
b) 3eam y- profi l e 3 m fr oln (a) . The 

hor i zontal sca l e is magni fied 2.5x 
relative to (a) and (c) . 

c) Beam y-prof i le 6 m f rom (a) . 
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The quadrupole doublet, 08 and 09' located at the 
exit end of the RTM Linac (Figure 4), was adjusted to 
produce a waist in the y-direction near the middle of 
the one-pass return beam line to facilitate emittance 
measurements with the three wirescanne rs. Figure 6 
shows the beam profi l e in th~ y-d irection as measured by 
these wirescanners. The focusing produced a 0.8 mm 
vertical beam waist near the middle wirescanner. 
Followi ng a technique described in an earlier paper,l 
the normalized transverse y-plane emittance4 was deter
mined from these beam size measurements to be 2.35 ~m. 
The x-plane emittance was not determinable, from similar 
measurements, due to energy spread effects. Beam enve
lope me asurements along the acce lerator axis will be 
included during further planned beam tests, in order 
measure the x-plane emittance anq the beam energy spread 
independently . 

(a) 

~ k- 1.6 mm 

(b) 

(c) 

Fi gure 7. Oscilloscope traces of the signal produced as 
the x-scanning wires pass through the 
accelerated beam on the one-pass return 
1 i ne. 
a) Beam x-profi l e about one meter from exit 

of end magnet El. 
b) Beam x-profile 3 m from (a) . 
c) Beam x-profile 6 m from (a). 
The beam was focused to a waist near (a) by 
the quadrupole doublet, 08 and 09• 

As a first estimate of the accelerated beam energy 
spread, the beam was focused to as small a size as pos
sible in the x-direction near the first wirescanner on 
the one-pass return beam line by the quadrupole doublet, 
08and 09• Figure 7 shows the beam profiles at the three 
Wlrescanner positions along the one-pass beam return 
line under these conditions. The minimum beam envelope 
width was measured to be about 1.6 mm. From the minimum 
y-waist measured from the data in Figure 6, and assuming 
equal x- and y-emittance for the accelerated beam, the 
emittance part is estimated to contribute a little more 
than 1/2 to the beam envelope size. Therefore the 
momentum dispersion contribution to the beam size is 
estimated to be 0.7-0.9 mm, corresponding to a full 
energy spread of 16-20 keV. 

Summary and Conclusions 

Preliminary measurements of the electron beam after 
one acceleration through the RTM linac have been made. 
The maximum energy achieved thus far is 16.2 MeV. The 
measured normalized emittance after one pass is 2.35 ~m 
and the estimated energy spread is 16-20 keV. The 
design goals for normalized emittance and energy spread 
at 185 MeV are 5 ~m and 36 keV, respectively. The 
energy spread is not expected to increase significantly 
with multiple passes through the microtron because of 
phase focusing. 

These tests were conducted with a 0.3 mA pulsed 
beam, with no indication of beam loss. It is evident 
from these preliminary results that the electron beam 
can be transported and accelerated through the RTM while 
beam quality is maintained well within design limits. 

Additional one-pass beam tests are planned to in
clude full voltage conditioning of the RTM linac sec
tions, comprehensive beam envelope measurements to de
termine the x-emittance and for a more accurate energy 
spread determination, and the transport and acceleration 
of cw beams up to 0.55 rnA average current. 
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