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In a conventional electron linear accelerator, electrons 

emerge from a sun as a DC-beam to enter a bunching section 

which causes a substantial fraction of them to traverse the 

main accelerator at an asymptotic phase close to the crest of 

the acceleratinj; ";lave. ~l1e ~~'unc~ler is phased from the accel-

erator so that the time structure of the beam is establislled 

by the accelerator itself and a high degree of uniformity can 

be achieved in phase and final energy of the electrons during 

the more or less steady state condition within a pulse, and 

from pulse to pulse. In the ERA, there is no steady state condi-

tion, there is no natural relation between the time sequence of 

events in cOl':lpression, release, and timing of the accelerator 

and there is even uncertainty in the charge and mass of the ring. 

There is clearly a need for devices to correlate the systems; in 

order to enter an r.F. structure within, say, a 10° phase range 

requires a precision of 1.5 x 10-
10 

sec. at 200 mc 
_1 1 

and 2.5 x 10 

sec. at 1200 IDe, whereas even the jitter in timing release from the 

compressor is likely to be 5 -10 x 10-
9 sec~. 

Two types of accelerators are being considered, an r.F. 

linac and an induction, or pulsed line, accelerator. In either 

case, the synchronization problem can be attacked by an action 
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on the released rine or by a readjustment of the accelerator 

on the basis of information about the ring. The initial speed 

of the ring is given by the formula for the effect of adiabatic 

changes, expressed for this purpose in the following form: 

l'Ihere S is 
"R 

the longitudinal velocity after release and ~~ and 

'Scp are the magnetic field strength in the accelerating column 

(1) 

and in the compressor, respectively. Since 3cp~ " a small release 

velocity would require a very small difference in fields, which 

might be difficult to control. It seems more reasonable to 

consider differences of perhaps 25~, which implies that S'f( ~ 0.5. 

The follo,ling remarl,s on the four possible situations (two types 

of accelerator combined vlith two approaches for synchronization) 

thus are predicated on the assumption of a fairly high release 

velocity. 

B. Pulsed Line Acceleration 

If the rin;; sees a longitudinal ~lectric field uniforrll in 

space and time, its momentum will increase according to: 

( 2 ) 

and its spatial position accordinG to: 

( 3) 

~'l' ""'0 1 .J ':' __ 0.) :lCU g ana f... refer to the lo~citudi~~l ~otion. 

rIll·:; v2.:c'iation =-n tiLlS of 2.:i."'riv:::l at 2.. ziven dOHnstrea:·;, location~ 

z~ dU2 to v2ria~io~~ in .--.::~ l~RJ anc 3tartinz t1[:18 is obtainej -. ) \" R.. 
1. 
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by differentiating eq (3): 

M . [( I "" A~ )"] t:(~) I.lt ~ trf: + ~- 1- -:i - °Rll-r(R -
R Q.: 0' Q [ 

" M~ 

For the values :"'1 = 70 me' '::)E = 50 l:v/cm, 8",1, ~"'O S = 1, 
.... 19' 2" 

-:>L/)(~) I A~"J n) At, 0 .. +- - (~tC"j/S 
... 0 ""i>. - I "" .:? ~ R 
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(4) 

( 5 ) 

It \"/Ould thus appear that variation> of as much as 10:; in 

the paraneters of the released ring would not affect the timinG, 

provided that the pulses are long enough to cover the anticipated 

range of 5-10 QQJ1o-seconds in IItR,' It should be remembered, how

ever, that eq (3) shoVis that 'lS' at the end of the accelerator is 

proportional to (QE), so that this quantity must be controlled 
bl.. 

to more like l~ to achieve an accepta~le uniformity in final proton 

energy. 

If the uncertainty in release time is indeed dominant and 

if it is both desirable and possible to keep the accelerator pulse 

short, the trigger for the accelerator could be provided by a 

sign8.J. created by the ring passing an upstrean: reference point 

fll.r enough from tile accelerator to aJ.lol'; for jitter. J\.ssumin;:; that 

the information as to the v;hereabouts of the rinG caC! be transmitted 

accurately at the speed of light, the drift distance required is 

L=B~C4~, where OT is the uncertainty in pulsing the lines - i.e., 

about 15 em per l'I\CU1oSecond accelerator j::.tter. Thus a meter or two 

of drift distance should be adequate;fluctu8.tions .in 3~ would not 

seriously affect arrivaJ. time at the accelerator if the distance 

is that short. 



-4- O"'J-ll2 
2040 

c. H..F. [;.cceleration 

An r'.? accelerator seems to present Greater complication,;. 

The fields ;1Ould have been established :~luch earlier and r.othinc; 

r,:uch could be dll~~e about re-phasing on this tiIile scale ~,'iithout 

increasing the instantaneous power r'eQuire~ents very substantially. 

It ':Iould ~eem, therefore, tllat the synchronization nust be 

achieved by acting on tlle ring, with tl1e accelerator serving as 

~ . " IJlffie re..:..erence. A straightforward way to accomplish this end 

would be to precede the accelerator by a bunching cavity, tied 

to the accelerator in phase but oscillating at a sufficiently 

low sub-llarmonic that the range of releasc-ti~e errors falls 

within the linear ranee of the bunc~r sine-wave. 3y this :neans, 

the ring could be given a velocity increment proportional to its 

time deviation from ideal and thus, after drifting some distance, 

arrive at the accelerator at the correct phase, though with the 

wrong velocity. Unfortunately, the numbers look unattractive; 

in order to cover 10 ns uncertainty in a quarter of an oscillation 

requires a buncher frequency of about 25 megacycles, and the drift 

distance required to make up the time errorjGiven by 

, ( 6) 

is 70 meters for 6t'R. = 5 x 10-9 sec, 6Si Sl". = 0.01, and ,3~=!. 

Before ·seriously contemplatin;:; such a scheme-, it \'Iould be important 

to measure what 6t~ really is, and to calculate what range of 

velocity and phase errors is tolerable to the accelerator. Such 

a tolerance calculation is not as easy to do as for the pulsed 

line accelerator but rather necessitates an integration of the 

phase oscillation equation to determine the final -'3 of the ring 
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as a function of initial conditions. ~or the present, the 

tolerance of l~ on velocity used above is nothing more than a 

Guess. 

It 'liGht be possible to correct the arrival times of the 

rinG l,Jithout introducing a velocity error by usin2: 2. magnetic 

perturbation. The time of passinG a pick-up loop shortly 

followin~ tIle compressor could be compared to the pllase of the 

accelerator Olnd the r.1agnetic field bet','leen compressor and 

accelerator could be raised or 100iered to change the rinG velocity 

and tllUS the time of arrival at the accelerator. ::xpression (6) 

applies to this s1 tuation also, jut no'o'I Ie. tl\. :1eed be no [lOre than 

half an r.f. cycle Olnd the fractional velocity change i!"l the 

Olltered field region could be large, :Jince it is undone \'Ihen the 

rin~ encounters normal field strength Olgain. In this case, the 

drift length is probably determined by the time needed to make 

the field chance before the arrival of the ring. ?rom eq'n (1 ) 

(31\,,- f i3,1' -13,"~ 
\ t~ 

B,...iO R" 
~ ~ 

~'" " ~<f'- 01\ Bc~' BR, (7) 

whc .!-" ,c; .;~c\:;r'a subscript, a, refers to values in the altered 

section of SOlenoid. If Bcp = 20 kc,'6~ = 15 kg, 3~ = Cl.5, and 

8io. ,liffers froc, 0~ by 10<1, then ~%' I ]{g, a fielt,l difference 

','Ihich l~ust be established over a distance of a meter or so before 

the rin~ Olrrives. For a rate of rise of 10 9 gauss for the 

correcting supply, the required drift distance would be 150 meters. 

D. Conclusio!"l 

These numbers can be juggled considerably, and this report 

is only intended as an 2ttempt to point out some of the problems. 

As ~entioned in section (A), the nominal release velocity must 
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l1Ct 1Je too :ow, in the Inter9st ~f ~eproducibility; on the 

·:)tl1er ~:ancJ., ~~he .J.lJove e:;;-amplcr:: 3hold tllat ~he correcting distances 

In the case cf an 

p.~. G.cc21·2rator, the :Jrift I~it;es ;jllould ':Jc .~;7lall compared to 

an r.? period divided l.y t~e uncerta!nty in release velocity 

if a timing correction is to succeed. :1easurements of ring 

velocity and ~l. have not "een considered tecause the author has 

no idea of tIle aChievable accuracy. 

i~r)Dendix - . On t':l.e Val i eli ty of [~diabatic ?orrnulas 

':':1e formulas ~t3e(~ llere anu. for the peristaltic process 

durinG acceleration for tIle ~ffect of spatial variations in 

the ,'oolenoic1al r.cagnetic field are based on the assumption that 

the field changes take place over many rotation periods of the 

electrons. In fact, the axial c1istance traversed per trans-

verse revol[ltion increases so rapidly ,'lith SH that the assumption 

is not very Good, even for the j,lanipulations contemplated in this 

note at low velocity. The axial progress per turn is given by: 

( 8 ) 

which, for R = 4 em, is already 25 em at Bll = 0.7. 

Some idea of the seriousness of this effect can be obtained 

by considering the apposite extreme of a sudden step in longitu

eR dinal field. In transition, 6~= 6P~= 0, but 6PL = 2C 6E, so 

that the center of curvature of the orbit is displaced by an 

amount 6B Q , 2B 1 •• ThUS, except for possible self-field effects, the 

rine; ",-ould thereafter pulsate radially at rotation frequency 

-di th that amplitude. On the other hand, the change in axial 

speed i3 the same as in :ldiabatic approximation, 30 that one 
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might anticipate that the desired timing and per~:taltic effects 

jo not depend on the apprOxi2ation. ~he rcmainin3 ~orry ~!ould 

be tLe effect of inuuc::'nf': 3. coherent r3.dial o;:;cillation by 

ir:1posing :ield c_~1anges over too short a distance .. 


