
F. MillS (MURA) Computed drift tube shapes 

.: ;,Present interest at ~ITJRA is directed! toward : a 10 Bev _ high eurrent_ 
,I 

particle accelerator, of theFFAt} ·type. In connection with this the problem 

of optimum -'injection energy has been considered regarding overall cost of the 

accelerator. The results suggest that with injection energies Yower than 

. . 200 Mev costs rise r apidly , 'above 200 }lev these figures do not cha"nge as fast . 

Therefore a design goal has been set for a 200 Mev li!lear accelerator and 

at present s ;drift tube I~' linae i s being considered. In addition to high 
liE 

current output, good beam quality is desired ( E = 0. 1 0/0 or better), 

especially in comnection with beam .. stacki~ in the FFAG 'machi'ne. The linac 

emittance needs to be no better than present~ achieved at BNL and CEF.N in 

order to facilitate multiple turn injection. At present one is not primarily 

concerned with gaining the utmost in the Rsh value f or the accelerating 

structure, because it is eX ?6cted , that suitable rf pOiver sources will be avail-

able; however Rsh is eertainJy being considered in connection with ease of 

construction and cost. 

Because of the availabj,li ty of rf power sources f or low energy linacs 

some latitude in drift, tube shar)es is available. On t h e other hand t he 

energy reg-i on of 100 Mev a nd over has not been explored to an;y extent yet and 

rf power may be a problem. Therefore a program was set up to study drift tube 

shapes for higher particle energies . Drawing on the computational experience 

at MURA with mesh techniques this t.ype of attack was employed. 

An outline of the mesh technique fo l lows . 

11axwelYs equations f or '/J independent . TN modes yield: 

F - Fr F + k2F :; ~ 
rr - + zz r 

or 
::: 0 

where F· =1' H ¢ 
- 2 2 

and k =m 

c2 

m .th the bouIrlary cond:i. ticn ( ?JF) on , 
s 
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For the lowest mode 

k 2 < < FOF > k2 
o - <FF> .,. if 0 is Henni tian . 

The next step is to aSsume reasonable trial functi oTts for F and try to 

satisfy the above equations. The.n calculate A., resd7:ve for a new F and 

recalculate it . This iteration process is converge.nt; in fact the im­

provement in (l is better than the improvenent in F values at each succeed. 

ing stage ~ (errors in eigenvalues due to field errors are of the order of 

(.6" F)2) • 

To f acilitate calculations the continuous problem is : replaced with a . 

mesh problem 
·-1· .'-

r 
l-+---t--·--I· ---T,_·--t--i-·-+---·: 

, ; f j ; { : I 

! '(l ·- ·--·l····-lr··r-·r---r··--r---- ~ 
. ~ t-···_,·_·, ··-t·- ·--r-----t-··--r- ·-· 

~ , ~:;': I 

~ A l ' I-i- ' L' ( j 
... C t I ! I ~.- , ! .....•. 

,-l-- _ .. i,., ... _ ... _ ... . ,... .. -

i 
The original 

. . ! r.o I i I 
'1: d) -..4.- '.C. - t _._ .. "I.cL 

differential equat i on yie'lds now the difference );.elatioriship. 

.. From the above f ormula one can der ive relationships f or successi ve improvement 

of mesh values . I nherent in each relat ionship is a certain convergence property. 

Therefore the f olJ liming relat i onship "'as used. 

n+1 

1 (1 - £) . TrJ + u~+ 
2r) 

wher e oC is a parameter ~ 1 whic~ can be chosen to opt imize the conver gence r at e . 

At the dr ift tube surface the boumary cor-dition is applied by usi ng a suitable 

f orm of the i teration equat :'..on. 
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Similar iteration relations are used in the toroidal and ellipsoidal coordinate 

systems. In a problem where drift tube surfaces are toroidal or ellipsoidal a 

separate curvilinear mesh is used interlocking~ with the original polar. mesh. 

The mode of operation for machine calculation used up to the present is 

illustrated below. 

Bessel Function 

f eed into 

U 

Square cornered drift 
tube with coarse mesh 

~ 

in~erpolati 

~ i 

Curvilinear surfaces 
I fine mesh 

, 

; 

f i elds td eigenvalue 

on 

s 

Remarks 

15 x 18 meshJ65 iterations 
tiJT8 ".;t 5 minutes 

)0 x )6 meshj}4 iterat~ons 
time ~ 5 minutes 

From these data it is a siJnple matter 1.;1 th the present program to obtain losses, 

stored energy, E E"" .. ,x on walls . All other interesting quantities are 
r ::: 0, """"' 

computed from the ones mentioned. Field plots can be obtained from the mesh values 

with an x-y plotter. A typical field plot is shown on the next page. 

At present some thoughts are being given to self adaptive computational 

progralns to optimise accelerating structure designs . 

This work was done by J. van Bladel , R. Chri stian, T. Edwards, F. Nills and 

D. Young . 
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Field Plot For a Drift Tube in The Region of 100 Mev 
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