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With three linac proposals being submitted to the USAEC this year, 
the question has arisen whether money could be saved by cooperation 
between the different groups. Savings could be realized in research and 
design, engineering, and in procuring similar items in greater quantities. 
Since each of these linacs have different basic design parameters such as 
the duty factor J beam current, energy, etc, the question arises whether 
a common design is really feasible. Certainly below 200 MeV where a 
drift tube loaded Alvarez structure is proposed there are many similar­
ities. However, if one looks at the basic parameters which are to be 
met by each and tries to fit a common design to these parameters, one 
soon realizes that this is not possible. Wheeler has looked at this prob­
lem in detail 1 and concludes that if LASL agrees to derate their power 
supply so as to require an additional power module for the extra tank 
needed .• which is the same as having the capability of accelerating a 
larger current but not doing so, and which of course would raise the cost 
of their proposal, then a common design is possible.. If all three linacs 
were built, the saving in the common design might more than offset the 
added cost to LASL. I do not want to get too involved in this question. 
Rather I would like to point out that it is still possible to meet the basic 
parameters of each laboratory without adding greatly to fabrication costs 
if decisions can be reached on drift tube and tank structures which are 
fabricated of similar modules. 

In order to reach agreement between the different laboratories on 
drift tube shapes, a committee was formed whose purpose was to try to 
enumerate the problem areas in adopting a particular drift tube shape 
and to try to expedite work in these areas. This committee made certain 
recommendations which I shall relate and work is proceeding in other 
areas. Since the committee was formed,. its activities have been extended 
to a selection of parameters for the 200 Mc portion of the linac. If agree­
ment can be reached, then savings should be realized in design and in larger 
volume purchases of similar components. 

So far, the following recommendations have been made by the d.rift 
tube subcommittee: 

1. Since sparking is mostly confined to the first gaps in operating 
linacs, it is desirable to design a short first section which can 
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be operated at reduced gradients. At 750 keV an average gap 
field of 8 MV 1m or less should prevent excessive sparking 
for conventional shaped drift tubes. Above 10 MeV an average 
gap field of 12 to 13 MV 1m is considered conservative. 

2. An operating frequency of 201. 25 Mc should allow design re­
quirements to be met and give minimum interference with 
existing FCC allotted bands. 

3. A drift tube hole of 2 cm has been achieved in the first drift 
tube at O. 75 MeV with a dc quadrupole and without unduly 
affecting the radial transit time factor. A linear increase 
from this size up to 4 cm at 200 MeV is recommended. 

4. Satisfactory dc quadrupoles for drift tubes have been built and 
could be used in future design without major modifications. 

5. A single drift tube stem is adequate even though a large diam­
eter is required to accommodate four cooling leads. 

6. The current computer programs for the calculation of drift 
tube shapes are sufficiently accurate so that extensive modelling 
is unnecessary. 

7. Cylindrical shaped drift tubes at the higher energies can be 
chosen which are not far from an optimum shape and which, in 
addition, can be more easily fabricated. 

In order to choose a drift tube shape, it is necessary to arrive at 
figures concerning the cost of rf power, the cost per unit length of the 
linac, the diameter of drift tubes which allow quadrupoles and adequate 
cooling, the maximum value of the accelerating rf gradients, the operat­
ing costs of the linac, as well as many other interacting requirements. 
In the months ahead many of these items will be better evaluated. To 
attempt to optimize the rf structure, including drift tube shape, clearly 
requires these considerations to be a.dequately assessed. However, even 
with the present knowledge it is instrucEve to understand the way these 
parameters affect the structure. 

The total cost for building and opera.ting a Jjnac in terms of the 
power and length may be written ae: 

where: 

Proceedings of the 1964 Linear Accelerator Conference, Madison, Wisconsin, USA

178



Cf 
Cp 
Cop 
C L 
CoL 

:: 

:::-

::: 

::: 

:: 

fixed costs 
power costs per unit of power 
power operating cost per unit of power per unit time 
length costs per unit length 
length operating cost per unit length per unit 
time 

A great deal of effort is being expended on an evaluation of the cost co­
efficients at the present time. The operating cost coefficients are dif­
ficult to assess, but after some searching through records of laboratories 
with operating linacs, we have found that if one takes t :: 10 years, a 
possible lifetime of such a linac, then (within the error of determining 
these coefficients): 

Now rewriting the formula in such a way as to give prominance to 
the factors which influence the structure 

C - Cf :: Cp P + C L L 
2 

with the power P per energy gain 6W given by 

P Eo T 
-6W 

ZT 2 cos cf) 

and the length L per energy gain by 

L 1 

l1w Eo T coscP 

where Eo is the average peak axial accelerating field: T the longitudinal 
transit time factor, and qJthe stable phase angle. In practice the power 
has to be increased, (a) to allow for losses on drift tube stems, tuners, 
and end plates as well as additional losses accounting for a lower Q 
value than the calculated value , and (b) reserve power to take care of 
beam loading. The power will be increased by a factor k to take care of 
the former, and a term Cp IB 6W added to allow for a beam I B " With 
these considerations, the cost formula becomes: 

C - Cf 
2 
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or 

1 

flw 
C ----- + C L . 

[ 
k Eo T] ~ 1 ~ 

p ZT 2 cos c:p Eo T coscp 

where the terms on the right are related to the choice of geometry. 
For any particular description of the geometry which specifes a value 
for Z and T, a cost can be calculated. The lowest cost will correspond 
to the largest value of Z and T. However, this alone does not allow one 
to choose a geometry that will allow the desired accelerating gradient to 
be achieved without excessive sparking. AI": accelerating gradient which 
will minimize this cost equation can be determined and is given by 

This value of Eo is shown plotted in Fig. 1 as a function of Z. For any 
description of the geometry which gives a value of the shunt impedance 
Z, the value of Eo can be determined which gives a cost minimum. 
However before this information can be used in linac design, it is neces­
sary to know what gradient can be maintabled '1iV it.hout problems due to 
sparking. Attempts are now being made to set s8Je sparking limits by 
accumulating data on operating lir~acs and by experimental measurements 
on a sparking cavity at this laboratory. Some preliminary results on the 
sparking cavity will be mentioned later. In the absence of a suitable 
explanation of sparking, one can use a value for the maximum fjeld on 
the surface, such as the Kilpatrick criteria. 2 The M1JRA field computa­
tional program, MESSYMESH, can calculate the maximlun value of the 
field on the surface of a drift tube. Actually what is calculated is a 
factor 0<.., where 

0( = Emax {on surface}, 

Eo 

For some peak value on the surface, the value E 0 2an be calculated for 
the geometry considered. This value of Eo may be less than the optimum 
value of Eo obtained from the cost f'..lnr;tion for that parti(~ular geometry. 
If this is so, then to go to the optimum value would c1ear1y caur-3e maxi­
mum fields in excess of the chosen peak value on the surface and a danger 
of sparking. However, if it turns out that this value is greater than the 
optimum Eo' then sparking is not a problem because power' is too ex­
pensive to go to the sparking level anyllow. 

Using the MURA field "Computational program, we have investigated 
nearly 2000 different geometries for cyEndri_cal shaped drift tubes. A 
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large Eumber of runs hav(~ beeD done at en.ergies of 50, 100, 150, and 
200 MeV. When these runs are evaluated using the cost formula, it is 
poss:ble -to choose an optimum set of parameters that describe the 
geomet:cy. This optimizing procedure using a specified value of the 
maximum field on the surface wa3 described at the Yale Linac Confer­
ence. 3 If each run is plotted on the Z, Eo diagram with the value Z 
correspo~).ding to the geometry aE:J. the value Eo calculated on the basis 
of an upper limit for the maxim':Jm fjeld on the surface, one can observe 
the impo!'taEce of the sparking restriction. At 50 MeV the cluster of 
poir-lts lie to the left of the curve optimum gradient; at 100 MeV the 
cluster of poi.nts lie closer to the CllT"je; an.d as the energy increases, 
the cluster moves doser to the cu:-ve. At 50 MeV, clearly money can 
be saved by raising the gradient to more nearly approach the op-:imum. 
At tte higher energies where the 'iaJ.ue 0:: Z is lower, it is not as 
defi.n:te and depends on the diameter of the drift tllbe which may be 
specified from engineerin.g consideragons. 

Ary practical d:cifi: tube must allow space for quadrupoles and 
COOliLg. This places an adliitio1:i.al restriction on the diameter of a 
d:."ift tube. Our studies indIcate that a diameter of 15 or 16 em is neces~ 
sa17 especi8.lly for a high dut,v factor linac at energi.es of about 200 lVIeV. 
The J.ai;'';s-i; POpi.7J::;.r cost data iYldic;;.t::; that this c.iameter is a departure 
from the cost minimum ared tha~: it is ur.wise f::'om sparking cOEsiderations 
to raise the accele::."ating gradient to tn.P, optimum value. However, it 
shou:;d be pointed od that the cost minima are rather flat so that the 
departure from the minimum may not be a great penalty. When on.e con­
siders raisi.r;,g the gradi.ent to r"..:duc:e cost, one must also coneider the 
limitation on the pow'er ampHfier t·.lbe. A shorter linac with a greater 
multiplicity of taEKs an.d pOViiC:r' an'lp1.Lfier tuo-:::s, phasing systems, and 
poorer reliabHhy may not be a sc:itable way to save money. 

When the specifications of the 200 Mc linacs at the three laboratories 
are considered, :£1; is £ou!:.d possible to arrive at a design which uses many 
similar compoEer;.ts. In partIcular, it is possible to maintain a constan+ 
drift tube diameter from 50 or 60 MeV upwards. Thus cylircdrical drift 
tubes could be fabdca-Led out of stock ma:;eriaJ.. 'Nith similar end caps. 
Quadrupoles might also be alike. ThE tank diamei;ers ca..'1 be similar, 
although of dEIer::mt leEgths. By mass proc:uremeL1: of these similar 
components or pieces oyel:~dll cost :<:'ed,Jct50ns can be rc:al.ized wht~n two or 
more lin.acs 3.r'E; constructed. simuHaneoClsly without the necessity of re c

-

quiring a dep:;..rture from the basic df:::sign pa:cametec's. 

To gather more informa{;~on or.. the sparking restriction we have 
fabricated a cme un.it~celJ. ca.-li-ity, with movable end plates so that geometry 
from 5 Me'V to 150 Me-'/ can be investigated under full power conrJltion::c. 
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This cavity is dr iven by an RCA 2515E (2041 ) power amplifer capable of 
app r oxim ately 300 kW at pulse l ehgths of about 500 fLsec and about 30 
pulses p er second, and at a fr equency of 200 Mc. Our initial operation 
was a t 50 MeV with a drift tube diam ete r of 16 c m, 3 cm hol e, and 4 c m 
curvat ure on the outer corn e r (the c avity di amete r is 79 cm ). At the 
present t ime we hav e oper ated up t o 12 5' kW in t he c avity. This power 
level corresponds to an average accel erating g r adient (Eo ) of 2. 7 MV I m , 
an average gap field of 10 MV 1m, or a peak field on t he surfa ce of 
16 MV 1m. At this level there was n ot a s in gle spar k detected, i t was 
just a matt er of running the powe r up. W e a re n ow trying t o get more 
power out of the power supply to go to a l evel where we c an s e e a few 
sparks. However, the n ext s t ep will b e t o go t o 5 MeV where spar ks 
should occur at a lower power l evel. Here hop efully we can s tu dy t he 
phenomena. 

WHEELER: Thi s type of expression for cost, w hich bot h Don and I have 
us ed, leaves out a very import ant c onsideration esp ecially for t h e in ­
jector s, t hat is, the r e is nothing in t h e e qu at ion w hich says anything 
about the r eliability of the accel erat o r . T he constant k , which comes 
from exper ience , can be us e d to contribute to t h e reliability an d one 
s h ould con sider very seriously k eep ing k a f a irl y large number . Experi~ 

ence with most of the p r ot on linacs to date c e r t a inly s hows that t hey hav e 
b een unde rpower ed. By in creasing k one can design fo r lot s of res e rve 
power and t h i s of course will greatly i mpr ove t h e reliab ility. The ot her 
matte r i s the choice of Eo with resp ect to spar k ing lim it . In t h e M URA 
spar k ing c avity I am told that the x-ray b.ackgr oun d at t h e 125 kW level is 
risin g v ery rapidly an d I would p redict that, at 16 MV 1m on t h e surfa ce, 
you a r e very close to the spar k ing lim it . W e h ave observed in t he h eavy 
ion mach ine that t h e x-ray backgr ound r i ses v ery s te eply just b efore the 
sp ark ing level i s re a ch ed. So again in term s of reliability for t h e mac h ine, 
one should b e very conservative in keep in g t h e v alue of t h e m axim um field 
safely b elow the spar k ing limit. T he se two factors are very important in 
terms of achiev in g h i ghly reliable machines . 

LEISS: People have been using cost form ul as .for years and h ave s ystem ­
atically left out what is really in many p r ojects the b i gge s t cost of all , 
t hat is the project salaries. Have you t hought how to integrate some of 
t h i s into guessing what is the best t o do? This would be particularly a d -' 
v antageous, alt hough difficult, if exam ining t h e desir ability of a common 
design . 

YOUNG : The r ules are becoming clearer n ow on how y ou estimat e cost, 
even t he s alary costs. MURA has a technical note on t h eir exp erience on 
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cost estimation and other people hav e discussed .these things with the 
AEC .to s ee how salaries should b e integrated into the. fotal p r oject cost. 
Thi s has n ot been put into the cost formula used here.; this is a bigger 
oper ation research project than has been undertaken so far. 

HUBBARD: As Whe eler point ed out , when you get somewhere ne ar the 
spar k ing limit, you get a large amount of x -rays out of the machine which 
you must shi eld against.. If you just lower the gradient slightly, the x-rays 
go down r ap idly. Have you given any consideration to the amount of shield­
ing ne cessary if you operate close to t h e sparking limit or have you put 
this into the cost formula? 

YOUNG: We have not put the cost of shieldin g into the cost formula as a 
function of the gradient , only the cost of shielding as a part of the building 
c osts which is part of the lengt h costs . We intend, however , to make 
some measurements on the sparking cavity of the radiation background 
as a function of the v oltage a cross the gap. We would like t o get some 
good v alues for these quantities. 

FEATHERSTONE: For the benefit of those of you who hav e not been 
paying close attention to the argument about sp a rking, I would just like 
t o say a couple of words that I t h ink should b e r ep e ated again and again . 
Mr . Kilp atrick w r ote h i s II criterion " , as it i s so often referred to, in an 
attempt t o integrate a great deal of data from many different sources and 
to a ccount for i t in an approxim ate way. I do n ot b elieve t hat h e h imself 
has ever given it the de g.ree of authority t hat on e would t hink it had by 
lis tening t o th e u se of "Kilpatrick' s criterion. II Second, it was not in­
tende d as a working upp er lim it, but r at her as a threshold level b elow 
which no sparking at all is exp ected to occur . Third, at 200 Mc a great 
many of the terms of his e quation dr op out an d on e arrives at somethin g 
which i s r elated only t o t he maxi mum field strengt h at the surf ace of the 

-electrode. I t h ink there is an accum ulating b ody of evidence which in-
dicates t h i s is not adequate t o account for the sparking we have observed 
in practical machines . I a m very glad to hear Don say that they are go ing 
to try t he sp ark cavity down in t h e e quivalent of the 5 MeV energy region . 
What was the equiv alent energy r an ge of the p resent drift tube s ize? 

YOUNG: 50 MeV . 

FEATHERSTONE: The experience with the Brookhaven ~!1d Argonne 
linacs suggests s tron gly that som ething different is going on at the low 
en ergy end of the macb.ine whe re t h ere see m t o be lower gra dients and 
m ore sparking than at the h i gh en~rgy en d . I don lt t h ink t he gradient 
alon e i s enough to account for what we see . Of course, ev e rybody knows 
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that sparking is affected by surface conditions and vacuum quality, but 
we presume that the surface conditions and vacuum conditions are pretty 
uniform from end to end. 
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