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PHERMEX AS AN INJEcTJR TO A MODIFIED BETATRON

D. C. Molr and G. R. GiaIer*

Loa Alamos National Laboratory
Los Alamos, NM 87545

Abstract

The PHERMEX accelerator is a pulsed three-

cavity, 50-FDtz, 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 containa
10 micropulses, The FWHM of a single micropulse ia
3.3 na. Peak micropulse current variea from 350 to
85d A with widths of 3 and 5 ns respectively. We
prupoae to inject this beam into a solenoidal field

with M neutralizing background gas and stack the
PHERMEX micropulses in a 28-cm-diam ring to obtain a
3-na 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 ia
theoretically possible. Simulations of rirtg
stability with and without the accelerating field
are presented,

Introduction

The PHERMEX accelerator is a standing-wave ,
50-MHz rf linear accelerator, 1)2 The rf fields in

the three cavities are pulsed for ● 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 ●ccelerating cycle is transported to the

second cavity; the ramaining electrons are dumped to
the ●ccelerator wall. Th ● resulting beam
transported through the three cavities containa
micropulae structure determined by the
characteristic accelerating cycle of the 50 NHZ,
I’ne ovarall pulse envelope is determined by the
injector-gun pu~seo Figure 1 is ● schamatic of the

●ccelerator, Using tha beam generated by this
●ccelerator ● a ●n injector to ● modified betatron is
invastlgattd.

F{s. 1, Schematic of PHERMtIX ●ccelerator.

*Work performed under the auspic.c of tha U.S
I)cpartmont of llner~y,

PHERMEX Beam Parameters

A single electron gun pulse produces a beam at
the exit containing a train of micropulseu.
Micropulse width it primarily determined by the rf

accelerating phase, Recent data indicate that it
also dependa on electron gun-pulse volt~~e.
Injected beam energies of 0.5 MeV yield ❑icropulse
widths of 3.3-na FWH.N, An initial ●nergy of 0.9 MeV

produces a 5-na FWWM pulse. Figure 2(a) shows ●

micropulse envelope that results from a 0.9-Mv,
40-na pulser, Figure 2(b) shows ● single micropulse
from the same envelope. Typical peak currents of a
micropulae 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 ia 850 A, (The
el~ctron gun perveance is 1 uP.3)

The energy of the beam depends on the cavity

field strength. Typical machine parameters produce

a maximum bernm energy of 30 MeV, Detailed

presentation of the time resolved beam momentum
measurements ●re in Ref. 4, Within the macropulse

Fig. 2(a), PHEIUUX 40%s PUISN ●nvclopa,

Fig, 2(b). A singl~ 5-ns FWH14 PHIMMSX micropulaa,
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envolopo, peak beem energy decreeaee f3.7X per

IIicropulee; for 10 micropuleee, the tenth pulee will
be 7X lower in energy. In a ●ingle micropulee, the
beem ●nergy ●pre~d ie t3Z; however, 80Z af the
charge ●ppeare Ln ● x1X energy band ●no~ Ln Fi#. 3.
Thie bend ie concigtioue in time (-2 ne), conr.eino

che peak currenc, and “nae mkn~mum emtccmtce of
260 * rn-rad.s

For modified becetrtin injection it ie desirable
Co deliver maximum charge. Kc ❑ay be possible to
extend zhe length of the HL2SMCX gun pulse co 2 us
●t 0.5 m, thereby generecing ● 2-.9 pulee craln
containing 100 ❑icropulsee. Pe#k-Lnjected ●nd
craneported current would be aboac 350 tnd jOO A.

Thm be- ●nergy wuld mry from 30 HeV to 10 HeV
front co rear of cne Z-he pulee. Each mtcropulee
would cantsin ●n ●verege cnerge of 1 MC. “*en
lnjecced into ● modified bececron, the zocal cnerge
would ●dd co 100 uC.

PilERMX tlodi f ied Becec r~n

:oncepcual detign for the LnJ8CCiOn and
St~CKII!~ Of PHXSMXX micropulaoe followe tne daekgn

of Aetron high -vet uum CrsppLng experimence.6
Figure k le ● scnemacic of #tich 4 devL~e. me beem
is Lnjecced traneveree co che solenoldal megnetLc

fLeld containing a mLrror field on botn ende. me

:fal$,el:reino~;er cencer ‘e 0-6 “ ‘nd C“e mirror
. . There ts a verlable coroldel

field Be, euch that Be c 0.5 Bz. The wane of c?ie
solenoid ● re reeaecive. fie beem is Lnjected sc I
slLghc engle relative co Cha normel OF cne
solenotdel field ●nd forme ● r~ng wLcri ●n inLc\al

●xlel

r~oLsciJslvs’i~~ ‘z”

The Vz 19 dampea by cne

●nd the rln~ ●quLllDrece# in I he

center Of che mirror field ● shown in FLg. G.
After ●qualibrl~m, the Bz field LS lncreeeed by

drlVLn~ a 9eperaCe set df coils, thus ●ccelerackng
ch- beer. me Bfi field lS kept #c ● constanc
f:ectton of the Bz field. During the letter tcageo
af ●cceleretLon. Che beam reechee an ●qualLbrLum
becwaen energy edaed and eyncnrocron r8dL~t ion
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Fig. 6. Scnemaclc of ● PILES.HEX modified becacron.

●mitted. The finsl ● L*ctron ring hee ● ●mall ● nergy
dispersion reletive to chat of the inltisl rtng.

A ou~ry of initial and finel ring parameters

ie given Ln Teble I. Injeccion, Ocacklnki. ~nd r~n~

sce~ility have been examinei ●xCeneiVely for cne

Aetron experlmenco. Of che three, mulcLpLe-pui~e

etackins wae che moat dtffictilt problem. Each

acacked PiiES14XX micropulse occupiee a Sllgntly

dtfferenc .’pnaee epace.’ b~ceuoe of beam ●nvalape

energy spread; cnerefare. there may not be cme

sacuretion ●ffecc obeer~ed in cne ASCr>n

mulclple-pul se ●xperlmenc. OnLy ● precessL>fial

LnocabLlicy wee obeervad in che AeCron ●xperLmencs.=
This was ●cabLllzed by che eddirim of ● ~d fLelCI.

This field 19 lucl~dea in our design.

?lodif~ed Bacecron Slmulacions

l%eorecical Work an cne ring ●ccelerator can be

dlvlded Lnco Chree portions: LnJecc Len. ●cceler4-

c Lon, ●nd ● xCreCCtNL. The ●cceleration porc,on 19

best underecood. We have run slmulacLone of CiLl-

driven r~n’ ●ccelerecore using Cne 2 1/2 dlmenclonel

percicle-in%ell code 1S1S,9 w~ch paramecero alm~lar
co che PHX~X ●xperiment under conelderatlon. ~-

nave run ●Lmulecione in t+och Che r-~ plane ~aasuMlnS

TABLE I

Initial

Pere9etero

It (l!eV) 20 (10-30)

B (T’ 0.6

I (kA) 35

Q (Uc) 100

r (m) O.lb

c (ne) 2.9

AK,ync/rev (eV) 5.3

fiEgain/rev (eV)* 5900

Final
Paramecern

63

6.0

liDo

100

0.035

0.7

650

]70



infinite axial ●xtent) and the r-z plane (aasuming

axieymmetry) to look at atability of the ring to
azimuthal and axial modes. While we can demonstrate

the negative aase instability for ringa in a static
external field, we find that the ❑odest field
ramping envisioned for the PHSRMEX experiment will
stabilize the ring.

The simulations asaume an electron ring in
equilibrium with ●n excernaI solenoidal field of
20 kC ❑agnitude, The ring rtdius is 5 cm, and the
electrons have energies appropriate to a self-
consistent ●quilibrium (approximately 30 MeV). Th t
ring is diamagnetic but not field-reversing. On a
time scale of 1 MS (10 us ia tpp-opriate to the
experiment, but much ❑ore ●xpeneive in computer

time), the field is ramped by ● factor of 10. The
ring maintains its integrity ●nd coherence
throughout the ramp, and electr?nc gain a factor of

+10 in energy. Simulations of the injection and
extraction processes ● re in u very preliminary stage
●s yet,
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