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CO~~UTER DESIGN OF A HIGH CURRENT,
HIGH ENERGY PROTON LINAC

M. H. Foss

ARGONNE NATIONAL LABORATORY

The accelerator produces enough beam to make the same number of

neutrons on the average as 0.5 rnA of 800 MeV protons. The beam is delivered

to the target in 200 ns pulses at 50 Hz. The results are presented here

because some of the problems are similar to HIF problems.

In the Linac discussed here, the current at each point is constant

throughout the pulse. Figure 1 demonstrates this scheme: A constant current

is extracted from the ion source for a time dT = 2. This beam passes an

accelerating gap at D = O. The velocity profile is adjusted so that the beam

is bunched. The time required for the beam to pass a point decreases linearly

from dT = 2 to dT = 0 as the distance goes from D = 0 to D = 4.

In the accelerator, all of the acceleration is done by induction

cavities. The machine is divided into three sections: a buncher, a debuncher,

and a main accelerator. A 7.5A, 2 ms. pulse from a 750 kV preaccelerator is

compressed by a factor of 10 in the buncher and debuncher. These 200 DS pulses

are then accelerated to 565 MeV.

BUNCHER

In the buncher, the speed of the leading edge of the beam is kept

high enough so that the beam current never exceeds 0.2 of the space charge

limit. When the beam enters a cavity, it is at 0.2 of the space charge limit.

After acceleration, the beam current is the same, but the space charge limit

is higher. As the beam drifts to the next cavity, the current increases

again to 0.2 of the space charge limit. This process is illustrated in Fig. 2.

The trailing edge of the beam pulse is transported by the same focus-

ing structure as the leading edge. This problem has not been studied, but it

seems reasonable to allow the ions in the trailing edge to have twice the
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momentum of those in the leading edge. This is illustrated in Fig. 3. The

factor of two momentum spread is established in the first few accelerating gaps.

A nonrelativistic calculation gives for the length of the buncher

after the space charge limit and velocity profile are established.

5 M
S < 2 T V M-l

where:

T the time for the ion source beam to pass a point at the
space charge limit (or fraction of the limit to be used),

v = the initial velocity of the leading edge, and

M = the ratio of the trailing edge momentum to the leading
edge momentum.

The right-hand side, in the .case considered here, is 120 m.

DEBUNCHER

The function of the debuncher is to reduce the momentum spread.

This is illustrated in Fig. 3. Bunching continues, but at a reducing rate.

The bunch length is shown in Fig. 4. The lower curve is the difference between

the arrival time of the leading edge and the center of the beam pulse. The

upper curve is the difference between the arrival time of the trailing edge

and the center. Note that bunching is almost stopped in the debuncher.

The buncher and debuncher might require hard tube drivers to achieve

the desired wave form.

Gap voltage, as a function of distance, is shown in Fig. 5. The

voltage vs. time in the buncher and main accelerator is largely determined

by the accelerator requirements. However, the debuncher is short and its

function can be achieved with a variety of voltage vs. time curves. Keeping

this voltage pattern simple is probably an important objective.

Finally, Fig. 6 shows energy vs. distance. Note that the energies in

the buncher and debuncher are multiplied by 10. Also, in the first few

cavities, where the velocity profile is established, the maximum mVs/m is 435.
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CONCLUSION

The induction Linac presents an attractive source of protons for a

pulsed neutron target. The performance could be extended by using some of the

space charge safety factor in the buncher or by extending the Linac to higher

energy, thus getting more neutrons per proton.



T=-4
000 ••••••• 03 ••••••• 88 ••••••••••• 1/V vs. D AT SEVERAL TIMES

l/V [ion source] =2.e0

FII~URE 1

An ion source is to the
This beaM passes Q point in
The accelerator is at D=O.
BeaM enters th€ gap at T=0,
and leaves the ~QP at T=2.
BeaM passes D=2 in a tiMe
and D=4 in a tiMe dT=0,

1eft.
dT=2.

dT=l,

'-J
--'

1. ee_l T=l T-o, T=3 T=4 T=5--• • e • II • 0 • 0 •
to • " • (/ • II • • • . .

• e • " 8 G • • •
• • • " • (I • <J •o ~~ t• ( ;;J_ • • • • " • • •

1/t) • • • • • • . •
II • • .. • . •

0.50_1 • . • • • • •
• • • • . •

-2.0 2.9 DistaTlce, LI



CURPENT, I, AND I/(SPACE CHAPGE LIMIT)
I = AN PS t·~ EEL.'E(:. T(I GIt.) E t4 EUT~: 0 t1 ~:; F~ EC! UI F~ E[) F(I F.: I PHS I I

SPACE CHARGE LIMIT AT INJECTION = 36 AMPS
ASSIJN I HG: E:= 1e 2 (T), f~N(J EF'St~=2. liE-4 (f'1, r"ld. )

PULSE FF.:EQ.:

1 tI ~3

T'I"C,-P' I1"\H Llt'1IT".' •••~t e .... .~

///////,/ .....

(1, 5

~iJ:1 I rJ,·t COIIt;'r'E H·..·t,'p II_., 'J .. ,-, .,.. •• tI

~ I ,-' I,.:" .,:,. .,,: '-1ft.. I:. ...

..., eo
ttl .J

.;. ~·1 ~1
~--

,-., I"'" r-) IT r_. !... l"=.t( t. ." I ,

10(1

'-J
N

220. r·l. Z7'~ r',.



W
L:J
C.
W

'-'z......
c..
-=:X:
W
...J

o

•

73

• • •



.'ZJ
r',-
.~..••,A

til

-;r', 0:-'-.:-.J .-4

...
-~.

-:3=- t:i:' (I.J

':'.J.........
• :I:

..J.:....
wz
-:.:.~r:.:. i:O
<I:

J.=, -:J:
I-Z=.......

LLJ ...... lJ..
.:....- :t:-·:I .':..:.
I- 1_'=,:(. 1).1=,
t-1 filw
c:. I:'

."-,_,
.:.:. ......
~. ~ .:r'••7.

r~) ..-4
-r-.=. .:-.J ,~••::-......
I-
,,:X ......
ik:: :r:~ •=- iJW--1
0 z:::x: w

:.J C"t ij
:I: 00=':"'\.:-.:. =-<1:
:z: -leo-. <J:WZ
W ~C.I::>

t- (t::
t-11=' u..
2:1-
...-cZ......

74



75

..

..

..

.

..

..

D
o

D
D
a
D

D
)(

o

D
D
o
n
o
o
o-

D

1-:- -
I:~' -....
•:, I

-
..

e:-o-

--
.~.

':'.J
(o.J

..

...
)C

n

D

)(

o

D

x<>

D

x
ox

o

O<~

~
0X'Q0

C<O
[1)(0
~
CX()
C><~

CXO
OXO
OXo
C><O
0<0
tlX<>
ox<>
OX<>
OXO
[1)(0
[I)(O
CXO
tI><~

DXO
DX~
OXO
DX~

OX~
DXO
OXo
DXO
0)(0
DXO
DXO
OX'O>
D)(O

X
X

X
<>

D

'~t...

w
0:::
::a
I.."......
L1-

J

.9

w
'-'
Ca
W

<> )( 0

I))

t-
--'
CI
::;.

I))

W t-
t..=I -J
c:. c·
W =:-

...--'
Ct:: <J:
WE
::I:
t~1 ((I

ZW=.-.
ro t-­
w..-.
0=·

<):
.:~; ':...>

"....
·Z·t­
~=..=.
* .-
WlJ...
I.:J W,
.::1: J
t­
.J l1J
'='00

--

=:-

~w

WZ
:J:':J
t:':, ':~i

Z
~ ...
Q') :;­
.._.. f-
~

... U:;.
t:J,) ..-:r
W...J
t.:lU
<I
r- 0::
.J 1-=:1
'='l.L.



I t~()UCT I Ot4 LI t4AC FOR IPt-IS

FINAL ENERGY: 8NCH., DE8N.~ ACCEL.: 1t1 29 565
TIME TO END: 8NCH.~ DE8N.~ ACCEL.~ DRIFT: 2.6 3.13.9 4.1

LEHGTH: 8HCH. ~ DE 8ti. ~ Ace EL. ~ DR 1FT: 60 ~- 1'-"- 50.:',~.:1 .!J~

J:1 AXI t'1 Ut'l rill) s ../ r·, : 8t·t CH., c) E8t~., ACCEL. : 19~ 11:"·;, o:Jvg_ 'J .J '.1 .... ::J .

8UNCHER ENERGIES AND
[JE8Ut~CHER Et'~E~~G I E~; t 10 ------------

Et~ERG'/

400 f'le l) FIGURE 6

-­. -::--
- '---.

--:::::-
-----.--.""-

-~:-----------
'-J
0)

//

1.­.....- .-.

C. 7:1 r·l •22~1_ r'l.

-----------~
~

=::-
-"j-

/-
=--=

/•••••

.- .. .
. ­. ,- .. .- ..:..:

.".- :--
./'--




