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In this note, vie cons1der the poss1b1hty of carrymg out the fmal '
bunchmg of a partlc]e beam for heavy 1on fus1on in a storage r1ng or

synchrotron us1ng parameters as foﬂows:

Total kinetic energy Q = 1 Megajoule -
Kinetic energy per particle = 35 GeV
Burst duration on target At = 6 nanosec(a)
Particle mass: (Bismuth) ‘AAmp = 2'()‘19:‘"1";= IQSéGEV/QZ
Particle charge % =17e v :
‘Ring radius R = 400 meters  -— —- - -
: 5 t pas l'-in_lma‘ml:d:'uk
From these we calculate for later use ‘5 %xﬁ‘{.ﬂ“ﬁ“’;ﬂ@“ﬁ%
' : e e o s i
B = V/C = 0.:529 . m-;:nlyapuwr:ﬂd,«mwhﬂ -
2y=1/2 “‘"%:;::."'Wrm::r.:
v = (1-8%) =.1.18 oo iy oed i s

N

it

1.78 x 10'* total particles

For the bunching:”calculation. we shall use the approach of D. Judd(”

- _Jn wh'ich the 1ength L of a bean of part'lcles actedf on by an electric

S "ﬁeld vnth hnear grad‘ient dE/dz = ZEnax/L evolves. accord'lng to ‘the ‘equation

- [HKSA uni ts]

T -2
z Jhee, \" . -
d|é+_2_q_% Emax ___Qg_q_eL__ EE S '32 V -]-3- =0 (1)
dt™  Ampy (4me WAL Y L ,
where the geometrical factor.g = 1.5, é‘f’ T

DISTRINITION NF THIS NNCTIMENT IR TINLTMITED

(a) Beam power during the six nanosecond portion of the pulse should be 100
terawatts. The use here of 1 megajoule, or 170 terawatts may be regarded
as an over-specification affording some degree of safety factor.




eyt A
EEE;f = 9 x‘10 meter/farad,
_ hVL 2hL R
Enax = 7 (with &% < 1 for linearity),

”and rep1ac1ng ¥ by (-ﬁ/Y)i(Y-Z - Y;i)Y-1.
i by N/h and € by bllh.

Following Judd‘s definifion of dimensionless variables, the equation

becomes
d” - -
-‘—%+1§(9-P02~]§503)=0 (2)
dt
_ in.which
p = L/LD
T =t/T
~,yo-=ﬁL;at-t =.0..
. Sl 4aR?
P 2, 3
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For our case, assume S << P to allow dropping the emittance term and

let dp/dt = 0at T=0. A first integral is then

1+p
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If most of the bunching takes place while circulating in the.ring and a
large compression is obtained, as needed, then P << 1 and the final minimum

bunch length is approximately (as found by Judd}

Pin * 2P- (4) .
From this result and the definitions of P and p we can calculate the

voltage per turn, V, needed to produce a 6 nanosecond bunch of length

.= BeAt = (0.529)(3 x 108)(6 x 1079) = 0.9525 meter.
mn

The beam must initially have a bunching factor Bf of about 1/4 to assure
Tinearity of the bunching field used. This initial length is

ZﬂRBf . .
Lo = % with Bf = 1/4.

Substituting in equation 4 we obtain

= 12 g gqel
T e 2B
oY tmin "\Pf

12)(1.5)(1.6 x152)(1.783 x 104)(9 x 10°
'_L(_M'U_T('—ST—(TT)—)‘L‘—)‘.ag 0.9525) w(1/T6

17.78 MV/turn,

n
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To supply this bunching voltage with r.f. cavities, assume that
0% of the circumference can be filled with cavities that could provide
;an”average voltage grad1ent at frequency f of 50(1’/106)]/2 kV/m.

‘Ina fu}l turn, then, the bunching voltage would be

6)1/2

-3
{

= (0.2)(21R) (5 x 10%) (hBe/2mR 10

6.31 h'/? wy/turn

' Iniﬁhis cases h'= 8 would be needed to give 17.85 M\/turn at a frequency

of 0.505 HHz.

Before ﬁdopting a harmonic number, we must examine the transverse
space charge conditions during the bunching in the ring, We shall

propose that some final bunching shall occur after leaving the ring in
w200 = 628 meters of transport to the target. While still in the ring, one
could hope to bunch to the point where the space charge fields shift

2

%% to one-half its normal value, i.e. Av?'/v2 = - 0,5. This Timit, if

permissible, would allow a maximum bunching factor while in the ring given by:’

1 P .
5 ¥ - (wBye) —l—B v A (5)
f . q 2y v
P
Use Bye = lo's.radian meters emittance
- v =10
rp =153 x 107'® meter
then g_ - ﬂ]0-5 (209)(?&529)(1,39)(1?g - BB.64
B (178 x 101 (1.53 x 107'8)(2)
e : 1 hen A 2 is large
Tiis formula neglects the substantial change in v when &V :
. 4 Av -]/2
Hance it under estimates the allowed 1imit by a factor (1 + -—3?)
: v
(

Q.JZL 'Alternative1y, one could say that the numerical result

hove corresponds.more correctly to a change of v from 10 to 7.81.
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A detailed and correct treatment of the bunching process will not
be attempted here, but it will be useful to note that over the major
part of the process in the ring, the bunch length is given by the

approximate integral of equation (3)

p =.cos t/ /7. (6)
This expression givés the approximate bunching time as <t = w/V2 = 2.22
or t=12.22 T. An evaluation of T gives

T—%Z- xloﬁsec.

 Hence the bunching time is about.

t = (2.22) %7— x 100 = 7% microseconds.

In terms of turns in the ring this is

Ugct  _ 44.47
8007 % turns

A dr1ft d1stance to the. target equal to one quarter turn occurs
outside the rmg and we may ask what value of h would permt the
bunching to be less than 88.6 at extraction. Using the approximate eqaatioh {6),
we find that the harmonic number must be greater than 5.1. The correct bunch-

ing formula will require a larger numher, so the space charge condition as



: Bunch1ng at start = 4, 0

at extract1on = 56 6

i

’ at target ’ 329L9

vunch1ng per1od in r1ng = 5.53 turns

D1stance to Larget = 0.25 turn = 628 meters

- The foregbing has explored only bunching by r.f. cavities in the
‘;r1ng¢ Strongér fie]ds could be generated by pulsed cavities, but no
*“exam1nat1on of the use of pulsed cavities in a storage r1ng has been
';imade. Pulsed cav1t1es could, of course, be used in the external transport

771fnes to augment and complete the bunching initiated in a ring,

D. Judd, paper in this publication, p,

erfqrmed,uﬁdér Ehe'ausbiCés §f~fhétU{‘S,_ﬁephrtment of Energy. ‘





