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Introduction

The NBS-Los Alamos racetrack microtron (RTM) injec-
tor consists of a 100 keV chopper/buncher system and a 5
MeV, 2-section, side-coupled, continuous wave RF linac
operating 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 pwA and at beam
eneryies of 4,08 MeV, 5.05 MeV, and 5.50 MeV, The
measured, normalized, transverse emittance, averaged
over beam current and energy is Enx - 0.55 mm-mrad and

= 0,71 mm-mrad. These results indicate a beam qual-

£
ny
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 suggest the longi-
tudinal emittance is no greater than 5 keV-degrees,
which is well within the design goal of 20 keV-degrees,

Accelerator Description

The RTM injector (Figure 1) begins with a 100 kV
5 mA 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-g capture section, which accelerates the
100 keV electron beam to 1.3 MeV, is followed by the
stepped-B preacceleratar 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 RTM 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 magnetic fields., In addition, the
increase in transverse emittance caused by field gradi-
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 Tinac, showing the locations of the
view screens, wire scanners and 45 bending magnet, D1, The spacing between wire scanners
on the linac axis is approximately 1 m,
Beam Measurements position vs current on the wire on the x- and y-axes,
. respectively, of an oscilloscope,
Beam measurements have been made to establish the
6-dimensional phase space of the electron beam of the To minimize the effect of baseline noise, the beam

injector linac and to coptimize the beam parameters for
insertion into the RTM, This was accomplished by deter-
mining the location of the accelerated beam waist and
the beam divergence from a sequence of beam profile
measurements 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
precise beam size measurements a wire scanner®, employ-
ing a reciprocating 30 um diameter carbon filament, is
used, The beam profile (shown for the horizontal beam
axis in Figure 3) is produced by recording the wire
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Figure 3. An oscilloscope trace of the beam profile
produced by a wire scanner on the emittance measurement
Tine.

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 beam is includad in the defined
envelope,

Emittance Measurements

h
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hree wire
scanners Figure 2) are used
to determine the transverse emittance of the accelerated
beam, The transverse geometric emittance is defined

by:

€= X6y (similarly for e ), where:
¥

e
is
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X, = beam radius at the beam waist and 3, = maximum
angular divergence of the beam at the waist. Xy and 64
are found from tine size measurements using the following
relations for a drifting beam:

X? = Xg + (Zi - A)2 eg, i=1, 2, 3, where:

Xi = beam radius at axial location Zj, and & = location
of\waist (selected, for measurement accuracy, to be near
Z,}.
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To express the beam transverse emittance indepe
dently of beam enerygy, the normalized emittance 1> de
fined:

Eys
X

nx = BY where g is the ratio of the beam elec-

tron velocity to the velocity of light and vy is the
ratio of electron total energy to the electron rest
energy. A1l measured emittances quoted 1in this pape

measured anittances 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, e, and €ny> of the injector elec-

tron beam over the range of beam current from 150 uA to
6500 wA, CW, at BMeV. 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
hetween normalized emittance and beam energy. The
values of the normalized transverse emittance averaged
over all the measurements are =, = 0.56 % 0.10 mm-mrad
ny = 0,70 = 0,17 mm-mrad. This measured beam
quality is considerably better than the design goal of
5 mm-mrad. FEarlier measurements of the 100 keV beam
resulted in normalized emittances of: €y = 0.47

Therefore, acceleration

and «

mm-mrad and Chy = 0.55 mm-mrad.

to 5 MeV contributes about a 20% growth to the beam
emittance, The prediction by the computer program
PARMELA, for calculations of electron beam transport
through the irjector linac, is a normalized emittance of
€ nx” 0.75 mm-rnrad for 90% of the beam particles after

acceleration to 5 MeV, starting witn the calculated gun
emittance of 0.6 mm-mrad.®

NORMALIZED TRANSVERSE EMITTANCE, 5 MeV BEAM
VS BEAM CURRENT
14 T 1 T l T

X Eq
1.2 O &,

0.8 o =

0.6 x n

£, (mm-mrad)
X
X
X

0.4 7

0 ] | ] ] | i
0 100 200 300 400 500 600 700

1, (RA)

Normalized transverse beam emittance at
5 MeV, plotted vs beam current.
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Energy Spread Measurements

To measure the beam energy and energy spread, the
accelerated beam is first deflected through 45° by the
dipole magnet, D1, (Figure 2). Tne deflected beam is
then detected by either a wire scanner or view screen
inserted at the exit focal plane of Dl1. The beam eneryy
is determined from the magnetic field required to bend
the beam through 45%, The beam envelope width in the
plane of the bend is measured with the wire scanner
(Figure 5). The beam energy spread is then determired
from the measured envelope width and the known disper-
sion of the magnet. Corrections due to finite beam size
and divergence are less than 5% of the energy spread.

The energy spread of the heam accelerated to 1.3
MeV by the capture section was first minimized as a
function of the capture section RF phase. Then the
energy spread of the beam accelerated to 5 MeV was mini-
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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,
DI. The trace width at 20% of peak height

corresponds to an 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:

Ak 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 10-15 keV at a full phase spread of about 2
degrees,

Conclusions

Measurements have been made of the transverse
emittance and energy spread of the electron beam from
the injector accelerator 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 of 5 better than the design goal.
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