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Abstract

The PHERMEX accelerator is a pulsed three-
cavity, 50~MHz, standing-wave rf linear accelerator.
It is used to produce a 30-MeV, 200-ns envelope of
electrons for flash radiography and electron beam
experiments. The 200-ns electron pulse contains
10 micropulses. The FWHM of a single micropulse is
3.3 ns. Peak micropulse current varies from 350 to
85¢ A with widths of 3 and 5 ns respectively., We
propose to inject this beam into a solenoidal field
with & neutralizing background gas and stack the
PHERMEX micropulses in a 28-cm-diam ring to obtain a
3-ns  multi-kiloampere beam. Coupled to the
background magnetic field will be a ramped field
driven by & magnetic flux compression generator.
Beam kinetic energy approaching 100 Mev is
theoretically possible. Simulations of ring
stability with and without the accelerating field
are presented.

Introduction

The PHERMEX accelerator is a standing-wave,
50-MHz rf linear accelerator.!'? The rf fields in
the three cavities are pulsed for a period of 3 ms.
Peak cavity field strengths are between 5-6 MV/m.
At maximum field amplitude, a 40-, 100-, or 200-ns
pulse of electrons is injected into the first
cavity, The portion of the injected beam in phase
with the rf acrcelerating cycle is transported to the
second cavity; the remaining electrons are dumped to

the accelerator wall, The resulting beam
transported through the three cavities contains
micropulse structure determined by the
characteristic &ccelerating cycle of the 50 MHz.

Tne overall pulse envelope is determined by the
injector-gun pulse. Figure | is a schematic of the
accelerator. Using the beam generated by this
asccelerator as an injector to a modified betatron is
investigataed,

Fig. 1. S8chematic of PHERMEX accelerator.

"Work performed under the auspices of the U.$
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PHERMEX Beam Parameters

A single electron gun pulse produces a beam at
the exit containing a train of micropulse..
Micropulse width is primarily determined by the rf
accelerating phase. Recent data indicate that it
also depends on electron gun-pulse voltize.
Injected beam energies of 0.5 MeV yield micropulse
widths of 3.3-ns FWHM. An initial energy of 0.9 MeV
produces a 5-ns FWHM pulse. Figure 2(a) shows a
micropulse envelope that results from a 0.9-MV,
40-ns pulser. Figure 2(b) shows a single micropulse
from the ssme envelope. Typical peak currents of a
micropulse depend on the gun voltage. Applied pulse
voltage of 0.5 MV results in a peak current of
350 A; for 0.9 MV the peak current is 850 A. (The
electron gun perveance is | WP,

The energy of the beam depends on the cavity
field strength. Typical machine parameters produce
a maximum beam energy of 30 MeV. Detailed
presentation of the time resolved beam momentum
measurements are in Ref, 4. Within the macropulse

Fig. 2(a). PHERMEX 40-ns pulsae onvclépc.

Fig. 2(b). A single 5-ns FWHM PHERMEX micropulse.
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envelope, peak beam energy decreases 0.71 per
micropulse; for 10 micropulses, the tenth pulse will
be 7% lower in energy. In a single micropulse, the
beam energy spread is t37; hovever, 80 of the
charge appears in a 1% energy band snown in Fig. 3.
This band is contiguous in time (~2 ns), contains
the peak current, and has minimum emittance of
260 v om-wrad.

For modified beratron injection it is desirable
to deliver maximum charge. It may be possible to
extend the length of che PHERMEX gun pulse to 2 us
at 0.5 MV, chereby generating a 2-us pulse train
containing 100 micropulses. Peak-i1njected and
transported current would be abour 350 and 300 A.
The beam energy would vary from 30 MeV to 10 MeV
front to resr of the 2-us pulse. Each micropulse
would contain an average charge of 1 ul. When
injected into a modified betatron, the -oral cnarge
would add to 100 wuC.

PHERMEX Modified Betatron

“onceptual design for the 1injection and
stacking of PHERMEX micropulses follows the design
of Astron high-vacuua trapping expcrinnnu.s
Figure &4 is a schematic of such a device. The beaa
is 1injected transverse to rthe solenoidal magnetic
field containing a mirror field on both ends. The
s, field i1n the center is 0.6 T, and the mirror
fields are 0.7 T. There is a variable toroidal
field By, such that By < 0.5 B,. The walls of the
solenoid are resiscive. The beam is 1injected at a
slight angle crelative to tha normal of cthe
solenoidal field and forms a ring witn an inicial
axial vclocx:x’ v,. The v, 18 dampea by cthne
tesistive wall' and the ring equirlibrates in rhe
centar of che mirror field &8 3shown in Fig. 4.
After equilibrium, the B_ field 1s 1increased by
driving a sepsrate set of coils, thus accelerating
the bese. The B, field 1s kept at a constanc
fiaction of the B, field. ODuring the latter scages
of acceleration, the beam reaches an equilibrium

betwaen encrgy adaed and eynchrotron radiation
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Fig. 3. PHERMEX beam energy spread as a function of

time i{nto the micropulse.
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Fig. &. Scnematic of a PHERMEX modified betatron.
emicted. The final e:iwctron ring has a small energy

dispersion relative to that of the initial ring.

A summary of initial and final ring parameters
is given 1n Table I. Injection, stacking. And ring
stability have been examined extensively for tne
Astron experiments. Of cne three, multiple-pulse
stacking was the most difficult problem. Each
stacked PHERMEX micropulse occupies a sligntly
different “'pnase space” bccause of beam envelope
energy opread; thereiore, thers wmay not bea cChe
satuyration effect obser-ed in tha ASLT3N
multiple-pulse experiment. Only a prccouu-‘u:
instability was observed in the Astron experiments.
Tnis was scabilized by cthe addirion of a B, [iela.
This field 1s 1ucludea in our design.

Modified Betatron Simularions

Theoretical work on the ring accelerator can be
divided into Chree portions: 1njection. accelera-
tion, and extraction. The acceleration porrion 13
best understood. We have run simulations of ccul-
driven ring accelerators using tne 2 1/2 dimensional
particle-in-cell code IS15,? witn parameters similar
to the PHERMEX experiment under consideration. we
have run simulations in both the r=v plane (assuaing

TABLE I
{nicial Final
Parametars Parameters
E (MeV) 20 (10-30) 63
B (T 0.6 6.0
1 (kA) 35 160
Q (u€) 100 100
r (m) 0.la 0.03%
t (ns) 2.9 0.7
«30
Al.y“clrcv (.V)- 5.9
/eev (V) 3900 370

bCgqtn

“Assumes a l.near field ramp in 20 us.



infinite axial extent) and the r-z plane (assuming
axisyumetry) to look at stability of the ring to
azimuthal and axial modes. While we can demonstrate
the negative-mass instability for rings in a static
external field, we find that the modest field
ramping envisionead for the PHERMEX experiment will
stabilize the ring.

The simulations assume an electron ring in
equilibrium with an external solencidal field of
20 kG magnitude., The ring redius is 5 cm, and the
electrons have energies appropriate to a self-

consistent equilibrium (approximately 30 MeV). The

ring is diamagnetic but not field-reversing. On a
time scale of | us (10 us is appropriate to the
experiment, but much more expensive in computer

time), the field is ramped by a factor of 10. The
ring maintains its integrity and coherence
throughout the ramp, and electrons gain & factor of
710 in energy. Simulations of the injection and
extraction processes are in a very preliminary stage
as yet,
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