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The ,"nsiderati')fi of some questions related to 
Je$ign ~'f 1-l.5 GeV proton linae is associated with the 
eff"rts tn s,)lve fuel cyde long-lived radioactive waste 
management problems. 

The prop,)sed linac consi~t,; "f three parts: 
l. Initial part comprising electrostatic injector and 
_'-5 MeV RFQ; 

~. ~(!idJle part providing ac,'e!eration up to 
the ..:nagy of 100-150 MeV: 
3. M~lin part, where proh.'ns reach the energy ,.If 
1-1.5 (ieV. 
Accelerating and focusing structures "f each part are 

charac'teriz..:d t>y its own range (If particle velociry 
chan?,es, where the parameters o[ acceleration and 
("UJ , ' ng are optimized: 

Initial part p = 0.0080 - 0.10 
Middle part ,11 = 0.080 - 0.50 

\'lain part Ii = 040 - 0.92 
In the initial part the electL"thtatic injector voltage 

must be sufficiently low in orJer [0 provide the necessary 
margin d electric strength \)f accelerating tube at 100% 
Jury facto r. 

Hi ,t1.' r i(ally the first main part 1)[ high energy proton 
'Ic'celerator was designed in Ll)S Alamos for meson 
bc[,'r': ' . The structure comprised the sequence of one-gap 
., iJe-c<',upled resonators. But now many scientists consider 
the di i., and washer structure prl)fosed by y'G.Andreev 
U\!fl)S(e.w RadiMechnical Institute t and designed for INR 
meson iactory to be the best. This structure is 
~haracterized by the most wide dispersion and the most 
high ,hunt impedance. Disk and washer structure in s\)me 
,-,r its m,:>difications is in fact being the only used t.,d:w. 

F ~'r the middle part of the linac three types ,)t 

~.:.:elerating structures can be considered: 
I. H -structure with alternate phase focusing 
2. [I- .-; tru\:.ture with pcrioJi~ RF quaJrup~)le~; 

3. E-structure (Alvarez tank) where the beam 
is fO ':used by rare-earth magnet quadrupoles. 

Pirst type of structure was proposed in 1956 by 
Ya.B.Fainberg(Kharkov Institute)3 and then subsequendy 
m,'dified by V.\'.Kushin (Mosc1)w Radiote .. hnical 
Institute;:) 4a and N.AKhizhnjac (Kharkov Institute / Such 
st ructures are being Jeve[.)ped in ITEp4b and Kharkov 
Institute. The sec.ond type of structure was proposed in 
1<1<;(' by V.V.Vladimirskiy (ITEP)6 and then subsequently 
m., Jified and manufactured by V.A. Tepljakov (Serpukhov 
In .~ titute); .<; u,h structures <Ire being developed and 
npera ted in Serpukhov Institute 7. As concerns the third 
type ,,1' structure, the focusing ,)f partic.les by rare-earth 

magnet quadrupole:; was proposed simultane1)usly and 
independently in 1979 by K.Halbach i! and a gr()UP .)( 
ITEP scientists (I.M.Kapchinskiy, N.Y.Lazarev and 

iI'jI) . 
VS.Skachkov) ' . Rare-ea rth magnet quadrup,,!es are 
being developed in ITEP and in a number 1)[ sc ientifi, 
centers abroad. 

:\Iternating phas.: focusi ng (APF) is l)bvious ly n'.)t 
,; uitahle f,'r high rurren[ linear acceleratMs. As is known. 
rli..: Ol ... in .1J\'an {age~ , .1 this structure :.ire ,heapncs, ;,nJ 

kdln , .'ll.)~il·<J 1 :;i mplici ty that ;.: n<J bk~ t;) use it su,'l.'e$$fuliv 
k·r ;'ppli.:J linacs with hw p ulse currents a nd rel:ttive!y 
I"w energy, l!specially when high accele ration rate is 
needed. Nevertheless such disadvantages as low ,aprure. 
k)w current limit and the trend tl) decreasing 1'1' , hunt 
impedance as the particles velor,;.ity increase prt:V~llt (1) 
use it for large linacs. 

The structure with spatially periodic RF q uadrup,)!es 
(with 50 called "hl)rned" electrodes) is free fr,'m 
disadvantages typic:.1 for APP structures. This strudure 
was successfully used in the injector to Serpukhov pr .. ton 

I' synchr,)tron booster -. Nevertheless, the use 1)[ th.: 
structure in 1000/1} duty factor high current linac is not 
justified due tl' the difficulties in :;tructure c1,,)ling. 
reduced margin of electric strength and impossibility t.) 

ch~'se independently. the parameters of longitudinal and 
transverse m<Hi,)ns. 

It seems tl) us that DTL with rare-earth magnet 
quadrupl)les is the most suitable for the middle part 1.,f 
high current !inac. The advantages 01 :\Ivarez linac ~ u..:h 

as (1)nstan,y ,)[ acceleration rate along the structure, high 
mean a..:,;ekrat i·.:.n rate, relative simplicity ·,f cc.oling and 
pr::tnil'all\' ,'()n$t:l nr \'alu~. ,) f ~h unt impedance ::t1 ,'ng the 
strudure :Ire well knl'wn . L:se ,,( ran~-earth magnet 
quadrup"ks substa ntially increas.: the radiation resis tan.:e 
1)[ the linac compared with the linac equipped with 
electromagnetic quadrupoles. Rare-earth magnets don't 
release heat and don't need stabilized power supply 
systems, this 0bstade solves the same pr0blem whkh 
initiated the development 1)1' RF focusing methl.,ds. It 
shc.uld be menti,.ned that use of ra re-earth magnet k .nse.s 
allows to decrease the drift tube dimentk,os and hence tl) 
reduce RF losses and in necessary cases to open the way 
for substantial increase of accelerating field frequency. 
The disadvantages of this structure are its relative 
expensiveness and technological c\.) mplexity. lIowever for 
large linear accelerators these disadvantages are nnt 
so impl)rtant. 

In the initial part ·.)f the linae it is necessary first 1'[ 
all to provide rather high rigidity l)f fo,'using at 11'w 
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particle velocities. Compact RF structures with 
solenoidal focusing and RFQ structures satisfy this 
condition. Solenoidal focusing practically withdraw 
limitations on beam current caused by transversal 
Coulomb repulsion because the frequency of transversal 
oscillations can be infinitely increased. The magnetic field 
should be very high that is why only superconducting 
solenoids can be used. At given aperture the current limit 
is increasing by a factor of 10 at field strength of 5 T and 
by a factor of 40 at 10 T com pared with alternating-sign 
focusing (the assesment was made not taking into 
consideration possible instability of beam enVdl'pe). In 
case of solenoidal focusing the limitations are <ls,.)ci<lted 
mainly with longitudinal Coulomb repulsion. The dfed .,f 
longitudinal repulsion can be mitigated if the equilibrium 
phase is rather high. It makes the use of superconducting 
solenoids in low energy high current accelerators very 
attra((ive. As .:oncerns the use of solenoidal focusing in 
the initial part l)f large high '~urrent accelerator. in our 
,opinion it is not justified because the substantial 
Jifterence between the transversal oscillations frequencies 
in the initial and subsequent parts of the linac makes the 
matching very c.)mplicated .,r even practically impossible. 
Criogenic facility needed for superconducting solenoid of 
the initial part reduces the reliability of large linac as a 
whole and makes the operation very complicated. 

The implementation of RFQ structure in the initial 
part allows to use rather low voltage electrostatic inj ector 
Jnd provides practically full capture of particles 
produced by the ion source into acceleration. These two 
features are the most important for 1000/0 duty factor high 
current accelerator. The methods of beam matching in 
case .,f RF focusing are well developed and proved at the 
operating facilities. In order to minimize beam losses the 
acceptance of 100% duty factor high current acceieratl)r 
~h.)uld have sufficient margin. This task can be solved in 
view of recent devek'pments. The funneling scheme 
proposed in USA allows to sum the beams without the 
. . I d k "13 I IOcrease 1)1 phase vo urnes an pea currents'-' . n 
particular the initial part can have two accelerating 
(hannels, each of them being connected to its own ion 
source. The number of accelerating channels can be 
increased if necessary. Such a structure is called 
"tree-like'. Thus. in our opinion the l)ptimum 
block-scheme of 1000/" duty factor high current linear 
a~.:derator should comprise RFQ as the initial part. 
Alvarez tank with rare-earth magnet quadrupoles as the 
middle part and the Andreev's structure (DAW) as the 
maIO part The main parameters of such 1.5 GeV linac 
Jre presented in anuther report submitted to this 
Conference 14. 

Indirect confirmation of the validity of such a scheme 
is illustrated by the fact that many scientific centers (in 
USSR,USA,FRG and Japan) are widely use it as a whole 
or by parts15-17. 

The choice of radio frequency for each part is 
determined by three conditions: provision of enough 
acceptance margin for given emittance and beam current; 
provIsion of beam funneling; provision of beam 
overcapture without particle losses at beam transfer ff()m 
one part to another. 
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