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dntroduction

The PHERMEX electron-beam pulse is a burst of ten
3.3~-ns micropulses separated by 20 ns, Typicali accel-
erator operating parameters produce a mean beam micro-
pulse energy of 26 MeV with peak current of 300-500 A,
A description of the facility is given in Refs, [1] and
{2). The purpose of this work i{s to present experimen-
tal measiturements of the current, current density, and
emittance of a single PHERMEX micropulse,

This experiment is part of an effort to completely
characterize the PHERMEX electron beam. OUnderstanding

the electron-beam parameters {s necessary for machine
upgra.~ as related to flash radiography and for both
present and {uture electron-beam experiments, Adud -
tional details of this experiment are availabie {n
Ref. [3].
.‘nn'\gni
Electrons ejfected from the “0-MHz acrelerating

cavities are transported through 2.% m of drift space
betore they are focused onto an x-ray converter. Heam
transport and focusing are accomplished using two so-
lenoidal focusing lunse3a and one ateer ing-lena dipole
pair. une focusing lens (collimating lens) ia located
at the end of the last accelerating cavity, The other
(final-focusing lens) (s U.% m from the exit of the
PHERMEX drift space, For typical accelerator operni-
tion, the collimatirnrg lens and ateering magne, ave
tuned to produce a 'O-mm-radius beam at the entrance of
the finalefocusing lens, The final-rocuning lens tn
used o produce a minimum beam ratius - Y mm)l o At T he
axi! o the accelerator drift tube,
For  tlash radiography Saegned
dubammethick tervilium window
1. /%-mm=thick tungsten tapgeat producing a 'h~MeV hrems-
strahlung gamma apestrum,  In electron-beam-propagat ion
vxperimenta this asame focyaed beam {3 extracted through
tne beryllium window tnte a gas=fllled axperimental
chamber, Experiment s atudving the smittance of thias
beam after oxtraction througl the beryllium fotl indi-
cate that the emittance (=2 dominaced by multiple arat-
tertng in the bepvliliom window. hoterstanding  the
character of beam ypatream »f the oyl lium window
tn oxtremely {mportant. ™he heam  at ne exit of the
beryllium 1a very to the the bheam in
vaocuum becauan the Coulomb multiple acattering haa not
changed the vadial alee of the beam, Ny examinfiug
vacuum expansion of the unscattered heam jownastream
the colbimator we can oxtrapelate back o the nxit
the collimator te dAsterntine the haam st eaetgee o
nx it ot the bepylltam o],
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performing hene meoamrement 5 wan
the PHERMEX chambep, The bullnone
of the protective Anvelope  wopre
end of che PHERMEX dretift tube,
Ia a achemat i of the hzrdwars anaombly,  The
fammenxit=diam tapsred  collimatopr (0" ) wan
with a 10-mm=-exit-diam aluminum collimator
taper, The beryllium vacuum window wan e
maved from tar end of the collimator, A t0tamm-dlam
brana deift tube wan attacned to the PHERMEX beam line
with an adaptor flange, The vacuum Arift space wWan
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750 mm long and contained an insertable tungsten emit-
tance mask. The mask was located 500 mm from the end

of the collimator. Figure 2 is a schematic of the
mask. Tne 25-MeV electron range for tungsten s
0.4 g/em?,  or 5.4-mm  thickness using density of

19,3 g/cmd for tungsten. The mask used in the experi-
ment was 5.3 mm thick. The slot =1ze (1,58 mm) and
spacing (5 mm) were chosen by assuming a symmetric beam
at the exit of the collimator with a diameter of 1 mm
and a4 divergence half angle of 20 mrad. With these
conditions, tn. beam Jdiameter at the emittance mask
(500 mm from the -~ollimator) (s 20 mm, and the finite
thickness effecta oOf the mask slots are approximately
108 of the slot w:ith of 1.5 mm,

The vacuum Arift chamber was capped with a 25,4-mm-
thick aluminum end plate, "~ e center of the end plate
was machined to crecte a 3,.0-mm-thick, 100 mm-diam win-
dow along the t am axis. A 0.125-mm-thick Kapton fotl
was placed on the outside of the thinned aluminum
plate, A '°0-mm-diam, 6.3%-mm-thick front-surface
turning mirror for {maging light from the Kapton foil
was placed in the beam (ine., The mirror was centered

and rotated 45" prejative to  the beam axts, A 75-mm-
thick aluminum charge collector was located ‘just down-
stream of the mirror. The Kapton fotl, mirror, and
~harge cnllector were ail at “80=torr air,

Diagaostica for the experiment produced time-
resolved electrical ang optical signals. The beam
surrent was monitored by a1 Faraday cup ind the self-
integrated arimuthal magnetio-sense (Y-dot) lnops 1In
the vacuum irift aesction (¥ig '), Fa'h of the aignals
w o divided a0 that {t coyld be mon{tored on a fast
sweep uatng A Tektranix 7104 oncilloacope (Y na/div or
1Cona/ Aty and a0 Tekrronix 710 tranatent  digitizer

C30 nn/s gty

An Imacon Model » /% electronic satreak/frame
wnn uaed  For fmaging Cerenkov  light  from the Kapton
oyl (U], The camera (A triggered 100 na hefore the
nlrctpron heam, The trigger ayatem han an rms trigger
Hther of 20 na,.  An o conarquence, the abaolute t{me
af the atpeak-camora trigger relative to the elesctron
beam ard Internal camera delay {4 saaesntial (nformat{on
for determining the n,cpopulas number that {a ap the
[ Thia e eapecially fmportant  for fant atpeak
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measured by the Tektronix 7912 record. Finally, the
beam is hollow with an asymmetric core in the renter.

A microdensitometer (100-um scan aperture) was used
to digitize the data on Shot M1]. The film density of
each of the pulse lmages was averaged in time, and the
reaulting average peak film de:.alty above fog .as com-
pared with the measured zurrents. The net film jensity
increases vwith beam current; hnwever, the relationship
i{s not linear and, i{n fact, appears to saturate, Un-
fortunately, there are insufficient data to obtuin an
exposure curve, Pulses 2-4 indicate that =his flim=
density measurement is accurate to about 10§,

With the open=-slit photngraphs of the beam and &rid
as a reference, the 0, ,1-;m 3lit was located at the ncen=
ter cf beam distribution. Streak measurements of the
canter of the electrcn beam were mMade. The photo-
graphic reproduction of a single pulse record with
N _US-ns/mm streak-cavrera speed .8 stowr ln Fig. 4 (Shot
TU6). This result indicates zhat the front of the
electron beam is hollow with a solid ~ore at tne and of
the micropulse, The tail of the beam ends abrupriy nd
flarmr {n one direction,

This record was also scanned with the microdenni-
tometer (100=-um aperture), and the flla=densi.y fiatri-
bution was averaged over the entire apatial -~oordinate
of the micropulsu, The result is 3 *wo-dimern=ional
ploL cf average film denaity va time, Thia *an he
compared with the beaa current meaaured Ly the self-
integrated N-Jdot loops. A comparison ' the averis
film Jdensity and the self-intearated Rador lorp 1nii-
cates that the shape of the op'i~al signal {8 the =same
as the B=dot loop. Each has a alow riantime and 1 N0
decay. However, quantitative ‘ompariasn .ff "he tw-
indtcates that the opti~al signiai 13 4,1 ns wile at *he
base where the electrent: aidnal U o0h na long. Thin
diacrepancy s moat peobably due 1t pecent iy abnepved
transten® Jdarkening of "he Kapton (ariaw e oloctre p-
heam pul ar,

The final reak=camer v oonfiearay L onowae o witth oo
mittance mAnk Insep'o] o the beam path, Thene 1y
woPe taken with and withoat 'hr [ Tamm 2010 in ' he
amern., Flgure - 0hst THY v oaample o mnaygre-
ment wilh O, 1-mm alit, e data " aken wi'heat the al e
are not o an uyasfal becauar atgnal Interry oo poveala
large vartationa in safttanee, ™ fengpen 0 e -
ted maak wan based on Hiverdente oand o fani e egpnri-
menta with the beryllium winlown, nrertenately, 4
Wan nndequate for meaarone the o0 Aaalladbameter
beam Lhat we ot wmprved (n 9l expariment | Experimen? al
analyata of theas Qata 1o aasful e abtaining 1imita
A boundn o the beap emfttanen,  The ({im wya aecanned
wilhy a mlcragepaitometor aarag v V0 o om gpert e,

The teay'ting sacan - Fiw, Y ocan he oqaed b
At et imAate o *he sleciponu=heam emittanee at the e
uf’ *he bheam where we have the peak  uprant and careesnt
dAenaity, The ol wing asaompt fons are made ta ahbagn
Aan emittanee plot o oand em'ttanee valae: 1o the heam
temparat ure at the edge o The hoam 1x coee, LET R
mum beam dlveergence ccogen e sy o Yy hegn, e
the baam temoscal uee 1o fefins) T Cae contes of ) e
beam, and '4) the beam {iverdonsr {0 g 1 pat imate
the beam radina at Saolomm axtal po=gtion, The qnnor-
mal {2od smitlapnen ot peak  curesnt chtabned reem Vhe
Above asnumpolons ta approximately faomm omeeef and A
claarly an appear booagd satimated with Limited 100,
ihe normalyzed it tanes 1o

AL e

Hite mm ompat,
wanludlons
The normal!zed smitiance of the bear Injectad §n o

PHERMEX  has  been magquend  [5] and 1 e mmomead,
Thin agrsna wall with oaur eatimaied poma' {2l emit

tance 51 260r mm mrad. In addition, the peak injected
current [5] was 450 A, and the transported peak current
measured for this report was 400 A. The above results
indicate that most of the peak beam current is trans-
ported through PHERMEX without significant emittance
growth.

The 3summary o5f the time-resolved data indicates
that the beam i3 hollow in the frort and is solid at
the peak current near the end of the pulse. The beam
radius at an axtal locatlon af 778 mm tncreasea from
near zero at the frcnt ~f the pulses to a peak of 3 mm
where the beam i3 holiow. The beam ther necks down to
1 ninimum »f 2.2 mm at peiak ~urrent and flnally flares
out on the end to an 9-mm radius. The 1ivergence f3l-
lows the radius, that {a, peak divergence occurs at
peak radius. The average 1-eaV tceam tenperature ls con-
stant nver the entire pulse, The heam current has a
slow risetime, peaks at approximately 4CO A, then falls
rapifiv.

Jlearly, the bnaam 15 not ~ylindrically aymmetric in
apane and {t may not pe aymmerr.-: in *ime, hyt these
AS3UMPt 1°Na \re neces’ary to presant {ata *that will be
useful for ~alculations using -ne- and two=dimensaional
transport and prapagatinon ~oder, The fact thnat the
heam |8 rot aymmetri~ {8 S ~oncern, but an eturite
fesrriptinn of the asymme'ry wouli require  special
atudy.,

The heam waa TuLch *nlder than sxpected, an! tne
omittanes Mank  was thepelare ton coarae, A fature
experimen?! would require much aore pnarraw ol tospacing
nd width, The emittance mank wan much thicker 'han
neceasary,  ‘nly suffi~{ent material *nhi"knern *2 9t-
top *he o heam LA required, The precpded nienal coul
MUl be diatingulshed from ! e backersund prodused by
*he aattered beam, Firally, the Kapt:n 1] needs to
feopreplated hy oo detec) e th a1t b iest v Y-
Afrn' tawrcening when (reeaitated,
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