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Summary

We have completed the design and instal-
lation of a new bunching system for the
Argonne electron linear accelerator originally
placed into operation in 196%9. It now rou-
tinely produces a pulse as short as 40 ps in
duration with a charge of at least 7 nC (180A
in amplitude) for use with experiments in the
very 'short" time reaction region. Such a
pulse is produced over an energy range of 4
to 20 MeV with an accompanying total energy
spread of 300 keV. Frequency of production is
variable from one single pulse up to a PRR of
800 P/s. Efficiency of acceleration from the
gun to the output of the accelerator is 50
percent.

Details of the bunching system, including
the method of calculation with space charge
inclusion, geometrical factors and hardware,
and operational results are given.

Introduction

The Argonne Linac is a two-section VL'
band. traveling wave electron linear accelera-
tor.l The coriginal bunching system consisted
of two traveling-wave (TW) prebunchers and a
tapered TW buncher (8 0.6 to 1), produced
a nominal trapping ef?iciency of 80% (I gun/I
output accelerator) for the transient mode of
operation (10 A, 10 ns) and 90% for the steady
state mode (2A, 0.6 to 10 us). It is these
components that were used and axially reposi-
tioned along with the addition of a subhar-
monic (SH) buncher to achieve the subnano-
second-single-pulse bunching system to be de-
scribed.

The design goal for this new system was
twofold; first,produce a single pulse of elec-
trons with a time structure in the picosecond
time domain with a contained charge equivalent
to that existing in one "fine" structure (PRR
1300 MHz) pulse produced by the Linac. For
example, the 10 ns, 10 A burst of electrons
contains 13 "tfine" structure pulses with each
containing a nominal charge of 8 nC. Second,
since the energy spread within such a pulse
does not exceed 300 keV, such resolution must
e conserved in the formation of the single
pulse for both the purposes of experimentation
and transporting.

Variecus wmethods of achlieving these gecals
were considered with 'gating" of the original
bunching system and SH prebunching being con-
s1dered to be the most practical. It would
appcar that since the "fine" structure does
indecd exist, cne need isolate only one of
these pulses. Several techniques were consid-
ered such as "gating' the buncher system by
the use of crossfield filters or by means of
AT deflection. Gating was discarded in favor
of SI bunching because it provides for greater
a more compact beam-line,
less complexity in hardware and, in general,
greater flexibility in the time formation of
the pul=e.
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Method of Calculation

The effects of space charge in the for-
mation of an electron bunch of subnanosecond
duration with a mean energy of 100 keV and
having to contain 10 nC or more of charge
cannot be neglected, To facilitate the cal-
culations, the Tien? model was applied which
represents the injected electrons as a series
of finite disks of équal charge. The differ-
ential equations of motion of such disks with-
in a circular conducting beam pipe have been
previously developed,3,% and are the basis
from which our calculations have been derived.
For completeness, these equations are as
follows:
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where:
o= I/ Z - Distance in cm
A= wavelenggh of electric field in free space
y = e€,r/mpcé - maximum energy gain of syn-
chronous electrons

§1 - phase of ith disk
Yi energy of ith disk
Bw = Vy/C - wave phase velocity
N - number of disks
I - equivalent DC current of beam [I = Ng]

a,b - pipe and beam radii respectively
Bon successive zerces of the zero order
Bessel function of first kind (Jj)

relates to the energy change of the disk caus-
ed by its interaction with the accelerating
field and the forces created by space charge
and image effects. Now, the resulting change
in phase of the disk to the field because of
its change in energy is glven by

ds .
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To calculate the effects of SH prebunch-
ing, both equaticns were referenced to the
downstream side of the buncher gap. Initial
conditions for solution were established as
follows: FEach disk was assigned a phase posi
tion relative to the buncher's field and an
equal phase difference cxisted between each
disk. The magnitude of this difference was
dependent upon the number of disks and the
time width of injection. The energy modula-
tion experienced by each disk was then



calculated by .

e(Vo+Visinwt)
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where:

VO is voltage of Gun
Visinwt is modulation voltage of SH. B.

Simplicity was achieved by assuming (a)
effect of gap transit time is negligible, (b)
radial size of the disk remains unchanged
during the process of bunching, (c) electrons
emanate from the gun in a burst with zero
rise and fall times, and (d) electron emis-
sion from the gun is of constant amplitude
throughout the duration of the injection.

For the quantity of charge used in these
calculations, (~15 nC) it was found that
partitioning the burst of electrons from the
gun into 21 disks, one center disk with 10
upstream and 10 downstream, presented a
reasonable representation and use of any
additional disks did not significantly con-
tribute to the accuracy of the results.

It was these equations and assumptions
that were used to study the interrelated
effects of duration of injection, quantity of
charge, subharmonic bunching parameters, and
axial distances required to achieve the de-
sign goals,.

This method of calculation was extended
to the fundamental frequency prebuncher and
buncher and the details of such calculations,
including programming, are given in Ref. 5.

Results of Calculations

Since the existing housing for the linac
presented a physical constraint in regard to
the drift distance for bunching, we had to
first relate to this problem and achieve a
compromise with the interrelated parameters.

The data of Table I illustrates the
change that occurs in drift distance as the
subharmonic index is varied; distance de-
creases with decreasing index. Unfortunately,
as the index decreases, the requirements on
the "gun' as related to both charge and short-
ness of injection increase. Index numbers as
great as 10 were quite attractive to "gun'
Opcration,b but drift distances were too

In fact, 155 cm was the maximum dis-
tance that could be allowed, therefore, the
choice of the 6th index for our design. Re-
quirements for the gun werc then feasible,
and commercial components’ were then available

Axial positioning of the 1302 MHz pre-
bunclher and buncher and the required electri-
cal parameters were established bty performing
a serics of trajectory calculations for var-
jous combinations of injection time and
charge, electric fields and component posi-
tions. Parameters for SH Buncher are given in
Table II.

Figure 1

zreat.

illustrates a typical calcula-
tion in which the assumed injection is 2.5 ns
(rectangular} ir duration, electrons are 100
kel energy and the total charge is 18 nC.
At the entrance to the buncher, these elec-
trons are bunched to about 0.12 ns (1 rad for
1302 MHz) with a capture efficiency of 50%.
f course, in reality the shape of the in-
jected burst is almost triangular in shape
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with the end disks containing less charge;
efficiency of the bunching will increase.

The buncher provides full acceptance and pro-
vides a further compression to about 0.05 rad
and increases the mean energy of the electrms
to 2 MeV. Injection into the accelerator
then occurs. As the duration of the injec-
tion is increased, for example >3 ns, satel-
lite bunches will appear and the charge ccn-
tained in the main pulse will be enhanced.
Fig. 2 establishes the axial position of com-
ponents in the finalized system.

Operation

Only the bean from the accelerator has
been studied to determine the performance cf
the bunching system. Fig. 3 illustrates per-
formance when the gun provides a 3 ns burst
of electrons, estimated charge input of 15
nC, and the SH prebuncher is not energized.
With the SH prebuncher energized, bunching
occurs with one main pulse formed (Fig. 4);
trapping efficiency is about 50%. When the
charge of the main pulse is increased from 7
to 12 nC, satellite pulses appear (Fig. 5).
All of these measurements were accomplished
by passing the beam through a thin window Xe
gas cell (1 atmos.) and the resulting Ceren-
kov light monitored by a fast diode® circuit.
Fig. 6 is a typical profile of the axial mag-
netic field.

Total spread {(~100% of electrons) in
energy existing in the single pulse when con-
taining 7 nC is 300 keV (FWHM 150 keV). Based
upon this spread, time width of the pulse is
estimated to be <40 ps. Measurements are now
underway to determine this width by means of
the time formation of the hydrated electron.

This single pulse can also be repetitive-
1y produced with a rate as high as 800 PPS
over the range of energy from 4 to 20 MeV.
Operation is routine and requires no more
than 5 minutes of additional tune-up time.
Conventional linac operation is achieved by
de-energizing the SH buncher and energizing
prebuncher No. 1.
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TABLE 1 TABLE II
Sub- Charge® SH Buncher’ RF Amplifier®
harmenic  Width Cutput
Subharmonic Drift Injected Injected Buncher
Index Distance Burst!’? Charge System MHz 216.7 Center Frequency 216.7 MHz = (.1
cm ns nC nC 0 1000 Pulse width 10 usec = 0. 5usec
R_(&) 200,000 Repetition Rate 1000 pps
4 110 L. 10.5 7 Mode TEM Peak RF Output 12 KW
(o) 120 Lad I0.2 [o]
8 221 3.0 22.5 9
10 276 3.1 23.3 9 )
'Constructed by EGEG.
!Zero rise and fall times are assumed. “Constructed by Microwave Cavity Laboratories.
‘Amplitude of burst is 7.5 A
Results of trajectory calculations

| SH. PEAK VOLTAGE 12KV y=eEx/mec?  0.100 |
| BEAM CURRENT  75A PIPE RADIUS 25 cm |
| GUN VOLTAGE 100KV WAVE LENGTH 23.04cm |
| BEAM RADIUS | cm |

' PIPE RADIUS 25cm
' WAVE LENGTH 13825cm
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Fig. 1 Typical set of trajectories for SH bunching system
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INJECTOR FREBUNCHER PB. %1 pa. w2 BUNCHER  WG.*I WG
N 5(2m/3) 1020 /3
SRIOCED SINGLE CAVITIES CAVITIES
GUN CAVITY 23cm 46 cm
100 kv LENSES
Q) Ky =2
AVAILABLE vhs
400 kW MAX
RF.
AMPLIF ER
i2 kW MAX
AVAILABLE
400 kW MAX
el o
. AMPLIFIER
vOS e 7 wan LM__O_]IBOOZMHX kW MAX 75 kW
VA —— VARIABLE ATTENUATOR
V@S — VARIABLE PHASE SHIFTER
* PB® | SHORTED DURING SH.
BUNCHING
VPS - VARIABLE POWER SPLITTER
Fig. 2 Finalized layout of SH bunching system
ARGONNE LINAC (10/6/72}
Single Eiectron Pulse Achieved
with Subharmonic Prebuncher
3 Q=7 nC
r > [BOA, 6 MeV
}—— Equw width <= 40 ps
. et L -
Fig. 4 Fig.

Accelerator output (7nC) with SH prebuncher
ec
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Injecticn time is 3 ns § 1% nC
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Fig. 3 Accelerator output (12 nC) without SH
prebuncher. Injection time is 3 ns §
15 nC

ARGONNE LINAC (10/6/72)

Single Electron Pulse Achieved
with Subharmonic Prebuncher

Q,=12 nC
~ 3004, 16 Mev
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5 Accelerater output (12 nC) with SH prebuncher
Injection time is 2.7 ns § 25 nC
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