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Introduction 

The NBS-Los Alamos racetrack microtron (RTM) injec- 
tor consists of a 100 keV chopperibuncher system and a 5 
MeV, Z-section, side-coupled. continuous wave RF linac 
operatiny in a standing-wave mode at 2380 MHz. The 
purpose of the injector is to provide a low-emittance 
electron beam of up to 550 pA CW current, with a suit- 
ably small phase and energy spread for insertion into 
the RTM. 

Measurements have been made of the injector beam 
energy , energy spread, and transverse emittance over a 
range of beam current from 150 UA to 600 PA and at beam 
energies of 4.08 MeV, 5.05 MeV, and 5.50 MeV. The 
measured, normalized, transverse emittance, averaged 
over beam current and energy is E = 0.55 mm-mrad and 

' ny = 0.71 mm-mrad. These resultExindicate a beam qual- 

ity considerably better than the design yoal of 5.0 
mm-mrad. The measured beam energy spread, AE, is 5 keV 
at 5 MeV and appears relatively independent of beam 
current. Although measurements of the beam phase spread 
are incomplete, preliminary results sugyest the longi- 
tudinal emittance is no greater than 5 keV-degrees, 
which is well within the design goal of 20 keV-deyrees. 
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Accelerator Description 

The KTM injector (Figure 1) begins with a 100 kV 
5 rnA dc electron yun followed by a chopper/buncher 
system' which chops the beam into 60" phase intervals at 
the RF frequency, followed by compression to 10" at the 
entrance to the capture section of the injector linac. 
The tapered-6 capture section, which accelerates the 
100 keV electron beam to 1.3 MeV, is followed by the 
stepped-b preaccelerator which increases the beam energy 
to 5 MeV for injection into the RTM. In the RTM2, the 
electron beam is recirculated through a 12 MeV linac up 
to 15 times, achieving an energy of up to 185 MeV. The 
design of the KTM requires an injected beam of high 
quality for minimum beam loss and for the production of 
an extracted beam suitable for such applications as a 
free electron laser driver. Achieving this injected 
beam quality has required careful alignment of the beam 
through all focusing and accelerating elements, matching 
of the beam envelope at the accelerator sections, and 
reduction of stray maynetic fields, In addition, the 
increase in transverse emittance caused by field yradi- 
ents in the RF chopper deflecting cavities3 has been 
minimized by minimizing the beam size in the cavities. 
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Figure 1. Top view of the NBS-LANL racetrack microtron. The injector is enclosed by the dashed line. 
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Figure 2. Too view of the beam line at the exit of the 5 MeV linac, showing the locations of the 
view screens, wire scanners and 45d bending magnet, Dl. The spacing between wire scanners 
on the linac axis is approximately 1 m. 

Beam Measurements 

Beam measurements have been made to establish the 
G-dimensional phase space of the electron beam of the 
injector linac and to optimize the beam parameters for 
insertion into the RIM. This was accomplished by deter- 
mining the location of the accelerated beam waist and 
the beari divergence from a sequence of beam profile 
rneas1rernents and by measurement of the beam energy and 
energy spread. The beam line at the exit of the injec- 
tor linac (Figure 2) contains view screens and wire 
scanners for observing the beam profile at three posi- 
tions along the linac axis and one position on the 45" 
beam line. View screens are used for qualitative beam 
shape and size estimates and for beam alignment. For 
precise beam size measurements a wire scanner4, employ- 
iny a reciprocating 30 urn diameter carbon filament, is 
used. The beam profile (shown for the horizontal beam 
axis in Fiuure 3) is produced by recording the wire 

f 
20:: of Peak 

T 

Figure 3. An oscilloscope trace of the beam profile 
produced by a wire scanner on the emittance measurelnent 
line. 

position vs current on the wire on the x- and y-axes, 
respectively, of an oscilloscope. 

To minimize the effect of baseline noise, the bean1 
size is defined as the full trace width at 20% peak 
height. For most of the transverse current density 
distributions encountered in this study, this assures 
that at least 95% of the >eam is included in the defined 
envelope. 

Emi ttance Measurements 

Beam size [measurements from the three wire 
scanners on the injector linac axis (Figure 2) are usej 
to determine the transverse emittance of the accelerated 
beam. The transverse geometric emittance is defined 
by: 
~:x= Xoeu(similarly for cY), where: 

X, = beam radius at the beam waist and 3" = maximum 

angular divergence of the beam at the waist. X, and OO 

are found from tile size wasurements casing the "ollowin~ 
relations for a drifting beam: 

Xf = Xi + (Zi - ~3)~ (,i, i = 1, 2, 3, where: 

Xi = beam radius at axial locdtlon Zi, arkI i', = ioca:iJn 

of waist (selected, for Imeaslrrzi!ient accuracy, to be near 
Z:!. 

To express the beam transverse emlttancr indepen- 
dently of beam eneryy, the normalized rlnlttance is de- 
fined: 

'nx = (5-f EX, where F: is the ratlo of the beam elec- 

tron velocity to the velocity of liyht and y is the 
ratio of electron total energy to the electron rest 
energy. All measured enittances (Auoted in this paper 
represent approximately 95% of the total beam current. 
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Figure 4 is a plot of the normalized measured 
transverse emittance, ~nx and F,,~, of the injector elec- 

tron beam over the range of beam current from 150 UA to 
600 $i, cw, dt 5t'!eV. There does not appear to be any 
systematic relation between beam current and emittance. 
In addition, the transverse beam emittance was measured 
at 4.08 MeV and 5.5 MeV, with no obvious relation 
between normalized emittance and beam energy. The 
values of the normalized transverse emittance averaged 
over all the measurements are c,,x = 0.56 + 0.10 mm-mrad 

and t 
"Y 

= 0.7~ + 0.17 mm-mrad. This medsured beam 

quality is considerably better than the design goal of 
5 mm-mrad. Earlier measurements of the 100 keV beam 
resulted in normalized emittances of: 'nx = 0.47 

mm-mrad and E 
v 

= 0.55 mm-mrad. Therefore, acceleration 

to 5 MeV contributes about a 20% growth to the beam 
emittance. The prediction by the computer program 
PAKMELA, for calculations of electron beam transport 
through the injector linac, is a normalized emittance of 
E nx= 0.75 mm-nrad for 90% of the beam particles after 

acceleration to 5 MeV, startiny with the calculated yun 
emittance of 0.6 mm-mrad.5 

NORMALIZED TRANSVERSE EMITTANCE, 5 MeV BEAM 
VS BEAM CURRENT 
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Figure 4. Normalized transverse Seam emittance at 
5 MeV, plotted vs beam current. 

Energy Spread Measurements 

To medsure t'le beam energy and energy spread, the 
accelerated beam is first deflected through 45" by the 
dipole maynet, Dl, (Figure 2). The deflected beam is 
then detected by either a wire scanner or view screen 
inserted at the exit focal plane of Dl. The beam energy 
is deterl?lined from the magnetic field required to bend 
the beam through 45'. The beam envelope width in the 
plane of the bend is ,neasured with the wire scanner 
(Figure 5). The beam energy spread 1s then determ'ired 
from the meas!rrej elveiope width anij the known disper- 
sion of the maynet. Corrections due to finite beam sire 
,3niY tiiveryrnct' <ire less Than 5" of the energy s,,read. 

The energy spread of the beam accelerated to 1.3 
MeV by the capture section was first minimized as a 
function of the capture section RF phase. Then t'le 
energy spread of the beam accelerated to 5 He\/ was imini- 

Figure 5. An oscilloscope trace of the horizontal beam 
profile produced by the wire scanner at the 
exit focal plane of the 45' dipole magnet, 
Dl. The trace width at 20% of peak height 
corresponds to dn energy spread of 5.6 keV. 

mized with respect to the preaccelerator phase. In 
addition, the buncher power was adjusted for the minimum 
energy spread in the accelerated beam. The resulting 
minimum energy spread was measured to be: 

AE = 5.3 keV at 4.08 MeV 
= 5.1 at 5.05 MeV 
= 4.4 at 5.5 MeV 

These results are somewhat smaller than the predictions 
by PARMELA, which calculates an output full energy 
spread of lo-15 keV at a full phase spread of about 2 
degrees. 

Conclusions 

Measurements have been Imade of the transverse 
emittance and energy spread of the electron beam from 
the injector acceleratbr for the NBS-Los Alamos RTM. 
The results indicate a beam quality considerably better 
than design goals. 

Measurements of the beam phase spread are incom- 
plete. It is anticipated that these measurements will 
establish the optimum operating parameters of the injec- 
tor accelerator and result in possible further improve- 
ments in beam quality. Preliminary measurements suggest 
that the longitudinal emittance is approximately a fac- 
tor 
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of 5 better than the design goal. 
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