
'by K,, Johnsen and A" Ci.tron ... 

In a ~.cent report by one of us ( ClmN~PS/KJ25} it wan shown t:hat it 

seems possibl~ to focus a helix type linac by employing the AG focusing princ#!.ple, 
: ··. 

This means that we shall have to consider the helix in comparison with the ~s 

using drift-ti.: .. bes, in order to find whether ona of these should i".e:ve profound 

advantages ove~ the other oneo To have a basis for a discussion on this we have 

calculated a very preliminary set of data for a helix type and two for an Alvarez 

type~ 

The Helix Type.(Table I} 

. For the theory of the helix we can refe~ to Ko Johnsen: "On the Theory 

of the Linea;t" Accelerator"P Chro Miohelsene Inst,~ Beretn" XVIp 3. 

The basic choices to be made were wavelength, phase angle and period of 
focusing system at injectionc The choice of wavelength was mainly governed by 

helix-=diameter and helix-pitch considerationso The frequency is doubled once" 

In a more careful study we shall have to consider possibilities of using a 

shorter wavelength already from the start~ 

A rather large phase angle was chosen in order to get a wide trapping 

regiono After the damping has reduced the phase oscillations sufficiently, the 

pha.ee angle is reduced to 30°" 

In choosing the period of the focusing system it was assumed that the 

~eneee ought to be at least -br'f~0:tlf'e~lametel" of the system which it is going 

to surroundo With the helix diameter we set~ this l."i.ll .be about S-10 om~ and 

consequently the lens peri.od is chosen as L:=C'~ 5 m as a reasonable figUre. 

The accelerating field at injection is then fo\llld from the stability 

diagram in KJ25o Thie field is rather low~ and in order that the field c.:an be 

increased as rapidly as possible 9 the first few sections are rather short. We 

have further as~d that the maximum accele.i:oati.ng field we can tolerate on the 

axis is 2o5 MV/m. Thie may be conservative i:f ~e uee a travelling wave pattern 



(external feedback) , as t.b.e maximum field between the W'iudi:o.gs is thtm 6 ·7 MV. /m, 

Howev·er.p if ve use a standing wave pa.tterLJ., the 1.118.X~.un.un field is twh~e a.s higb.~ 

and the figu:C'e 2? 5 MV /m is high" 

'l'he series impedance of.' the helix: strr1cture decrenees wi. th inorea.sl.ng 

particle velooityG and the field 'therefore alsc decreases from input to output 

of a sectiono After the maximum field of 2~5 MV/m :ls reached.r the atepa in er~rf!J 

(nWiiber of sections) are mainly governed by the fact that this drop i.n field 

strength should not bs too largeo It is further also governed by the powe!" 

dissipation in each se~tionr as it was conBidered des:l.nble that th..i.a should 

be so small that each section can be fed from one valve or two valves in push-pull, 

These considerations may not be very importantn and the poesibility of decreasing 

the number of sections above 4 MeV should be oonaidererl.,, However~ the more 

~ctors the accelerator is divided into9 the less sensitive it ie' to ~ 

velocity e:rrors9 frequency errors etc< 

The many steps in helix-diamete:r were obtained because it was thought 

desirable to stay close to the maxi.mum of the elnmt-impedanoe curve most of the 

way., Howeverp near the injection a much larger diameter than this oonsidere.tion 

would ~ve9 was chosen in ortier to get a reasonable pitohv and loss--oonsiderations 

are anyv~ unimportant in .,his part of the accelerator 9 as the losses in the 

first two sections are almost negligible compared with the losses in the whole 

machineo 

These considerations have given three different diameterH 9 with the 

'!ll.J"~st diB11J.eter in eeotions 5 end 6, As the diameter in these seotions is rather 

large~ we should consider to decrease it at the expense of· the' eb:unt-impedaneeo 

The pitch is now determined by the pa:rnmatere given above~ and calculated 

trom a formula given in the paper to whioh reference was given at the beginning 

of this seotiono 

The shunt~impedanoe and losses have been calculated under the assumption 

of haVi.ng only a forward travelling wave. In other words, ve asswne that we cian 

use an externad feed.back~ and that the losses in the f eedb&ck can be neglected 

compared with the losses in the helix it86lf. If s. su.itable external feedback 

oannot be made, the helix will·be built as a resonator 11 and for the same 



acceleration the losses will be twice those given in the table. It should be 

noted that in the first two section~, the power now is so low that these 

sections will probably be nm as travelling wave sections with no feedback, 
. . 

the residual paver being di~aipated 1n a matohing load. 

The build-up time is the time it takes for the energy denaity to build. 
-1 up to 1-e of its final value, vhan the waveguide is operated ae a reaonator. 

When the data discussed above are known, 1 t oan be calculated. We find that 

sections 5 and 6 have the longest .filling timep which again i.Ddi.oates that 

modification of the diameter of these sections, as suggested before, 1181' prove 

ad~tageous. 

In the last line of the table are given the mqnetic field gradients 

required to obtain the wanted cosri
0

• In~ tbree_firat aecti~ OOllfo and the 

accelerating field at input end of each section is choaen eo that the •orld.nc 
point for the synobronous particle is in the top corner of the atabilit)r triangleo 

Later the working point is further down, and as we have then avide region within 
which cosp0 ~ be .chosen, the corresponding value for the field gradient ie 

not given. Where, inside this region, 00811
0 

Bhould be ohoaen, 11J1J1 be govermd 

by other considerations, ~as admittance ma~· between tlle linao and the 
I 

QDchrotron. I 

' liM wtet•t• - -·~'IUl!l possible energy spread in the bunch, bu 

a1eo .... iDOl .... ill tb9 taltle, •jnl7 beom181 then bu been rld.814 4oulrt tllat 

tb9 potmtial wl1 at tm iJl.1eOtlcm a. ot b l1Dao wu 4eep .,,,.._ to MN date 

the liblJ" eraera eprea4 trom a pre-aooel.ratoro RCNeftr, nen. it this eDG"IJ 

spread should be up to 10 kV, which ia unlikely, it ia atill.small ooa~ to 

the energy spread in the bunch, and very few partioles.wi,11 b8 lost due to 

euoh an energy spread~ 

Th! Drift-Tube • (Table II) 

Two drift-tube accelerators were considered, one (A) run at 1 .. 5 mwave

length as the original Alvarez one, the other (B) at loO m. 

Parameters for A were obtained by scaling up the Alvarez machine to a 
total energy ga;t.n of 49.5. (from 0.5 to 50) MeV instead of 28 (4 to 32) MeV. The 

power loss and the shunt imi>edanoe ~r unit length and the phase augle' vere taken 

•• 
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i':rom the Alvarez uiachim~: ·t'i't.d c::·i leads to ·;-.. t;P. same fiE:.l1d. stre;.1gths and the SMte 

energy gain of 2, 3 MeV /m, rrheae quant.it:ies n.re not supposed. to change much a.lo~ 

the ma.¢hine " 'l'h€ total lengt.b. and the tot:".). p<Ywer eom1umptio21 :ts obtained froru 

the Alv-arez ioachine by ecalin.,g u~ linearJ.y '"1th oner&"'/' 

The other dimeus:l.onn are found 1:;.y putting Hmitatioril!! on the drift-tube 

8.pertureo 5 cm at the output end and. 2 ., 5 CJ;n at the output of the 10-111 energy 

seotion( s) were arbitrarily chosen a.s plausible lower li.mi.ts; a ratio ~f 0,84 

of drift-tube aperttll'e to period length was taken as an upper limi tp vhioh is 

slightly lower than the me.:.d.mum of thie rstio occurring in the Alvarez st~t\.U"e 

(o,.a9), The ratio of gap vidth to period was varied from Q,20 to 0"30 along 

the machine in a similar way as done by Alvarez to get similar field distributione0 

With these requirements it proves possible to obtain the acceleration .wanted in 

two sectors of different cavity diameter. The build-up time follows from the 

Q-value, which in turn depends mostly on the cavity diameter" A line ah~ 

maximum energy spread in the b~.; is also included in this table, 

Accelerator B has a wavelength of 1 mo The total length 1s·choeen the 

same as for A; the other dimensions go down roughly as l/l.5, and the nUVlber 

of .gaps goes up correspondingly. The dimensions are found from the same require

ments as for A; here we need three sections to comply with them. In faot. in 

the first section the tvo limitations on drift-tube aperture approaoh each otherr 

so that a. smaller wavelength could not be considered for this part of the 

aocelerator. The total power consumption is lower than with A due to the skin 

effect, so is the build-up time due to the emal.ler os.vity diametero The e<Sonomy 

in energy per pulse is a factor 2o2 vith respeqt to Ao 

Advant8€9s of A are: lo the fao~ that accel~ratore have been opere.ted at this 

wavelength, 

2? the possibility of increasing drift-tube ·aperturea 

without having to introduce frequency jumps, 

3o the wider tolerances in tuning due to the smaller 

electrical length (Factor 2o2). 

Advant~e of B are: L lese bulky oonst111ction, 

2o lower energy consumption due to smaller power losses 

and lower build-up time. 
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The mn1n differences between theoo two typ.ss of liw.i.i;:' structure" of 

which data. are given in TR.bl~· l and Table Ur, are found ~n 

i) Cross-sectional dimensionso 

i.i) BuUd-up time, 

iii) Q•ufac:tor,. 

iv) Kind of focusing syetem" 

v) Number of individual sections., 

In the tables there also appear other differendee, such as phase-engle 

and wavelength~ but these d~tferenoes are less fundamental~ and partly due to 

rather arbitrary differences in choioes at the beginning of these caloulationso 

The difference in i) is about one order of magnitude when we consider 

the accelerating system aloneo However. as the helix requires fo-ur-pole magnets 

as focusing lenses, tbe difference is less when the whole accelerator ie 

oonsideredo Still it looks as if the helµ will be lees bul.kyo 

The differences in ii) and iii) are both more.than one order of' magnitude 

and JDB3 be quite importanto How important a short .filling time is, depends on 

the behaviour of the HF-valveso The mean power is in tmy case v:ery low and will 

not· limit the output paver from the 'talves in either of these oases. It is not 

quite clear how much the output from a valve can be increased when the pulse length 

is decreasedo This must be considered in more detail. 

The modulating system, however, will be simpler and cheaper for the Short 

pullJe leJlgtho 

A law Q, as long as the low Q does not result in a lov ahunt-impedanoeµis an 
advantl!&Y. 

vaa··-.'V'erytlllllg is less sensitive when the Q is low" 

In the tables we have assumed grid focusing for the drlft=tube type, 

whereas that cannot be used for the heli.xp and magnetic AG focusirig has been 

assumed in that oaeeo The AG focusing seems to be the most flexible one, but 

it may not be the cheapest one to makeo In comparing the two types of £ocusingy 

the lose in intensity due to the grids should also be kept in mind. In the 

Alvarez maclline the grid loss reduces the beam intensity by a factor of about 3, 

The helix type with AG toousing will have to be built in more 

eections than the drift-tube type with grid foousingp although it may be possible 
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to reduce the munber from what is given in the table. However, a large number 

of sections may not be a drawback. Even if a drift-tube type is finally chosen, 

we may decide to split it up in more individue.l sectionso 

The main advantage of the drift-tube type is that it has beeen proved 

to work and that, by choosing that type and also taking into account the experience 

gained with this type in USAt we axe quite safe. With the helix there are 

unsolved mechanical problems. They may not be more serious than the corresponding 

problems faced by Alvarez and his team when they start~d on the drift-tube type, 

but as no helix has been built up to now, we s11all have to solve these problems 

ourselvea. The main problema will then probably arise in connection with the 

support of the helix, and a solution must be fowid that does not introduce too 

large addition.al losses at ~he same time as it must give the required rigidity 

and precision. Varir..is suggestions have been made, but we shall not discuss 

them here. 

As a wholet we do not think that the. time has yet come when we are quite 

in a position to decide between the two types discussed here. 

Geneva, 2nd March, 1954. 
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Table II 

Parameters for two possible Alvarez Type Linear Accelerator-s 

-AQcelerator A. 

2 sections 

Accca ler-~~or·,_]. 

u~ct5.cns 

-,, -- - - ,--~-

1 2 t o1:'a l jl 1 ~ ? . ~ --i!-" :~8.\_ 

Wave:ength 

Shunt i.mpede.nce 

Phase angle 

m 

M.Q./m 

:t.5 

34 

30° 

I ~ 
' I 

! 

t ... (~ 

38 
_.,.,00 ,. 

Vo:tage gain/unit length MeV/m 

Enex-gy range 

Seotion ::.ength 

Cavity diameter 

MeV 

M~W 

2
-3 I 0 ,. 5 = 4 ~ 9 = 50 

L89 i 19,,3 

~ 2,3 
I Oo5 = Q.8 = 60'5· ~ 1)0 

, - 0 c"J3 - 2 44 'i87-1 21..2 

cml 123o l 10l o9 

Period length 

Drift tube aperture 

Gapwidth 

input cm 
outpu·t om 

input cm 
on.ltput cm 

input r:m 
output Qm 

N'mbe:r of drift tubes 

Power consumption 

Q {approximately) 

Build up time t 

Energy/pulse (2t) 

Possible energy 
spread in bunoh 

MW 

~sec 

J 

~,nn1xt 

4.89 15,ll 
l5oll 47ol 

4oll 12~74 

3o08 5o00 

Oo98 3?78 
3.78 14"1 

19 62 

Oo39 4,02 

137000 U'.3000 

109 90 

85 790 

81 

4.4 

875 

I 82o0 80 .) 64o3 

3.26 4a05 ll,54 
4o05 ll, 54 

II 2 ~73 3AO 
2 .. 50 2 c,:.o 

II Oc65 o ,; 81 
Oo8l 2 . 89 

I 

l ~ }1 
~· 

~:. 

0,025 Oo46 

111000 107000 

59 57 
.,., 52 _,,,. 

0 ,04 C, 06 
0,30 

3Jo4 

9t)69 
5,00 

2.,89 
9,42 

fff 

3A7 

87000 

46 

318 

0")30 • 

;2J: ·.? 

li.21 

J.9 

3?3 


