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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 1969. It now rou- 
tinelv produces a pulse as short as 30 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 F/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 “L” 
band traveling wave electron linear accelera- 
tor.1 The original bunchine svstem consisted 

Y . 

of two traveling-wave (TW) prebunchers and a 
taaered TW buncher (6,., = 0.6 to 1) , produced 
a kominal trapping efriciency 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 
coinponents that were used and axially reposi- 
tioned alone with the addition of a subhar- 
monic (SH) buncher to achieve the subnano- 
second-single-p.ulse 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 (PRK 
1300 MIIz) pulse produced by the Linac. For 
example , the 10 ns, 10 A burst of electrons 
contains 13 “fine” 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 
be conserved in the formation of the single 
pulse fror both tfle purposes of experimentation 
an4 transporting. 

‘~‘ii:.ious ,:!ethods of ;ichieving these goals 
were cor.sidcreL riith “Rating” of the ori=,in;~~l 
‘;:.;nihi np, s;-stem ani SIH prebunching beir.g con- 
srdcrctl to be the most practical. It would 
:il!pcar thrit since the “fine” structure does 
inLlci:il e.xist, cne need isolate only one of 
these pulses; Several techniques iqerc consid- 
crcJ :;u:h as “c;itinr” the buncter system by 
the use of crocsfierd filters or by-means of 
:?F deflection. Gating was discarded in favor 
of ill bunchlnp, becai~sc it proviLles for clrcater 
8: 11 : , :‘ it C’ ,.,~,Y,~‘~t”T“‘o I -‘-.-I - 5 ,a mc re compact be:tm-T ine, 
1 es c121npli~x it: in Iiar~lharc and, in general, 
;!re:iter ilcsibl!ity in the time formation of 
the put:-c. 
-7iiji.h iii” I‘u1.;..e: ~Irlder the :iuspiccs of the U.S. 

.\tomic Encrgy Commission. 

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 Tien2 model was applied which 
represents the injected electrons as a series 
of finite disks of kqual charge. The differ- 
ential equations of motion of such disks with- 
in a circular conductin 
previously develoned. 3 3 8 

beam pipe have been 
and are the basis 

from which our calculations have been derived. 
For completeness, these equations are as 
follows: 
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where : 

r, = z/x z - Distance in cm 
X - wavelength of electric field in free space 
I$ = eeoh/moc2 - maximum energy gain of syn- 

chronous electrons 
6i - phase of ith disk 
Yi - energy of ith disk 
B, = vw/c - wave phase velocity 
N - number of disks 
I - equivalent DC current of beami [I = Nq] 
a,b - pipe and beam radii respectively 
son - successive zeroes of the zero order 

Bessel function of first kind (Jl) 

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 rc,suiting change 
in phase of the disk to’thr field because of 

its change in energy is Aiven by 

dE i 
1 
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u, 

‘b&l 

To calculnt~ the effects 0.f SH prohunch 
ing, both equations were referenced to the 
downstream side of the buncher gap. Initial 
conditions for solution were established as 
fo 1 1 0 ii:s : 5 3 c h : i: 5 k ii 3 s ;;:;signed n phase posi 
tion relntivc to the buncher’s field and an 
equal phase di ffcrence cxi sted between each 
c!isk. The magnitude of this difference was 
dependent upon the number of dishs and tl:? 
time width of injection. ‘rho energy moclula - 
tion experienced by each iiisk was then 
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calculated by 
t 

e(Vo+Visinat) 
‘r i = 1+ 

7 
0 

where : 

V is voltage of Gun 
\.fsintit 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 vith zero 
rise and fall times, and (dJ 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, (pd15 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 st’udy 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. 

Total spread (~~100% of electrons) in 
energy existing in the single pulse when con- 
taining 7 nC is 300 keV (IWHN 150 key). Based 
upon this spread, time width of the pulse is 
estimated to be ~40 ps. Measurements are now 

Results of Calculations underway to determink this width by means of 
the time formation of the hydrated electron.g 

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 ryith 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 
oreat as l(l were quite attractive to “gun” 
gperation,b but drift distances were too 
treat. In fact, 155 cm was the ~:aximum dis- 
tance th;tt could be allolced, therefore, the 
choice of the 6th index for our design. Re- 
quirementy for the gun :ierc then feasible, 
and commercial components7 !*ere then available 

This single pulse can also be repetitive- 
ly produced with a rate as high as 800 PPS 
over the range of energy from 4 to 20 FleV. 
Operation is routine and requires no more 
&an 5 minutes of additional tune-up time. 
Conventional linac operation is achieved by 
de-energizing the SH-buncher and energizing 
prebuncher Ko. 1. 
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.\si:ll positioning of the 1332 MH:. pre- 
bunclier and buncber and tbe required elcctri- 
,a 1 p 3 r dlJ. e ; c: r c !C c 1: e establL:<hed !:T pcrformicg 
;I scrims oi trajectory calculations for var- 
~OIIS combinations of injection time and 

CliTlr&e electric fields and component posi- 
tions. ‘Parameters for SIi Suncher are given in 
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with the end disks ccntaining 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 electraLc 
to 2 ?leV. Injection into the accelerator 
then occurs. Xs 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 :om- 
ponents in the finalized system. 

Operation 

Only the bear.1 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 diode8 circuit. 
Fig. 6 is a typical profile of the axial mag- 
netic field. 
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TABLE I 

Sub- Charge 3 
harmonic Width Output 

Subharmonic Drift Injected Injected Euncher 
Index Distance Burst’ ” Charge System 

cm ns nC nC 

4 110 1.5 10.5 7 
6 155 2.5 18.5 8 
8 221 3.0 22.5 9 

10 276 3.1 23.3 9 

‘Zero rise and fall times are assumed. 

‘Amplitude of burst is 7.5 A. 

3Results of trajectory calculations. 

8. I.T.T. F4014 Photodiode 

9. C. Jonah, M. S. Matheson, Private 
communication, ANL. 

TABLE II 

SH Buncher’ RF Amplifier’ 

MHZ 216.7 Center Frequency 216.7 Wz * 0.1 
Q 1000 Pulse width 10 pet 2 0.5pec 
Rs (Q) 200,000 Repetition Rate 1000 pps 

iclode TEM Peak RF Output 12 Kw 

‘Constructed by EG&G. 

‘Constructed by Microwave Cavity Laboratories. 

+=eEX/m,c2 0.100 
PIPE RADIUS 2.5 cm 
WAVE LENGTH 23.04cm 

SH. PEAK VOLTAGE 12 kV 
BEAM CURRENT 7.5 A 
GUN VOLTAGE 100 kV 
BEAM RADIUS I cm 
PIPE RADIUS 
WAVE LENGTH 138.25cm 

I RAD.- 

O-J 

_, R/j,,,- ;;;-+m-yv~e+. ,. ~, 1 ~_ .: 
---* iT*- _L- &- ~__~ ~~~~ L-..--.. ,. .--... .-- - ~~- ~~~.-~ ~ ~~ 
-,,:+‘.I- ~ . ~. __~~~~ ~, ~~ . 

-- SH. -----ye DRIFT DISTANCE /i PREBUNCHER #2 .I 7 BUNCHER ::- 
FREBUNCHER 155 cm 46 cm 

Fig. 1 Typical set of trajectories for SH bunching system 
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k-ma Strucwra 0, *ccsisrakd EmIn 

WItho”, Subhormonlc Prsbvochsr 

(12 nC total chorqo I” (111 puI.1.1 

,IJ 

, 5 Lw 

“A - “I\R,dBLE PTTENUATOR 
VQS - “AR,c.BLE Pl4e.E SHlFTER 
l PBS I SHORTED DtJRWG SH Fig. 3 Accelerator output (12 nC) Gthout SH 

prebuncher. Injection time is 3 ns & 
15 nC 

BUNCHlNG 
VP5 - “ARlPleLE POWER SPLITTER 

Fig. 2 Finalized layout of SH bunching system 

Fig. 5 Acceleratcr output (12 K) with SH prebuncher 
Injection time is 7.5 ES 5 25 nC 

ARGONNE LlNAC /D/6/72, 

s,np,e Electron Pdh Achieved 
wi+h Subharmon.c Prebvnchsr 

ARGONNE LINAC (10,6;7’) 

Slngla Electron Pv,re Dducwd 

w,th Subharmon~e Prabunchsr 

I”= 7 nc 
K30*. ,b MC’, OOA, 16 MIY 

EQ”,” *id,” c 40 p* -~ EQ”.” Widih 40 ps 

I-8 sm,., .’ 

Fig. 4 kcelerator output (;nC) xr;ith SH prebur&er 
Tnjecticn time ir: 3 ns ,i 15 nC 

SC0 
0 - 403 CI 
; 
; WJ ” 
L 5 200 
z 
2 2 103 
4 

Fig. c Typical profile of the axial magnetic field 
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