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Abstract stems and drift tubes and an improvement in the
. . temperature stability;

The Slncrotron.e.Trleste proposal for a 100 .MeV proton rﬁ) the required éF power per tank can be kept below
accelerator, (_j_nvmg a 1+2.'5 GeV booster L_mac for t.h‘ioo kW, with the consequent advantage in employing
Energy Amplifier Project, is based on a Multi-Tank Dr'ﬁstandard coaxial components, already developed and

;%2? é_i:'rr]]atlze(gArIngflﬁ)ciZtrr]ltﬂ;tglrLiioﬂr:‘((:)(ra ; rslieehmso\tlee?ectc\?vailable on the market, i.e couplers, feed-throughs, etc.
P gnp ’ or the RF distribution system.

tper?r:]osn o?e:frgéier;rche aor]%t'rg(')zs?t'?g :fctrtecialTFposiﬁt?r:nihm The resulting disadvantages, like the slight increase
design of the MT[;/TL A pos’sible solutions for the Iow‘?n power loss and the need for a greater number of RF
level distribution and the RF power distribution ar sources, are in our opinion acceptable. The efficiency
. L : Soss of the accelerating tanks could be compensated by a

presented and analisys of the efficiencies are given. higher shunt impedance due to a proper shaping of the
drift tube profiles.

1 INTRODUCTION The length of each tank has been fixed by taking into
The Energy Amplifier Project, as proposed by C. Rubbiaccount the previuos conditions togheter with beam
in [1,2], has been conceived for energy production adynamic requirements. The table below summarizes the
well as the incineration of the actinide waste from nucleanain machine parameters.

reactors. One of the main tasks to fullfil the stringent

requirements imposed by the project is the generation of ggput Energy 6 Mev
CW proton beam with tens of MW nominal power, i.e. 30 utput Energy 100 MeV
mA @ 1GeV. No existing machine can deliver at thaBeam Current 30 mA
moment a proton beam with these characteristics an F-frequency. 352'2,1 MHz
following a suggestion by C. Rubbia, the acceleratar tructure gratﬁent 1'4_772'44 MV/m
scheme to drive the E.A. is based on a multi stage Lin aﬁverage gradient 1.0+18 MV/m
[3]. The low energy injector must provide a proton umger OI tank/s K 58_

current at a sufficient energy level for an efficien Number of gap/tan 3+8

injection and acceleration in the main Linac. For o rTOtaI length 87 m

purposes the injection energy has been set to 100 M&\able 1. Main machine parameters.
and a maximum beam current of 30 mA was assumed;
this could be eventually reduced to 10+12 mA in the near 2 RF POWER REQUIREMENTS

future if the energy of the main Linac could be raised t - : . .
2.5 GeV (i.e. redeployment of the existing CERN LEP he suggested pre-injector design (6100 MeV) [4] wil

superconducting RF cavities at the end of their operatidficlude 58 tanks in total with lengths ranging from 0.7 to

expected in 2000). Since the feasibility and the reliabilit -3 meters and with 3-8 gaps per t_ank, Fig.1 gives a

of the whole machine are of paramount importance, it fF<cich Of two 5-gap tanks with focusing and diagnostic

mandatory to keep an adequate safety margin for tfecMents.

machine design parameters. The scheme proposed for the

pre-injector is based on the use of a commercial 3/6 MeV

RFQ followed by a conventional DTL up to 100 MeV.

The sequence RFQ-DTL, already successfully used in

many other laboratories, is a conservative choice for a

proton machine in this energy range. Nevertheless, to

avoid the use of long DTL, which are difficult to tune and

suffer from many difficulties coming from the necessityFigure 1. Two 5-gap tanks.

to house the focusing elements inside the drift tubes, as

well for the high power involved, we adoped a MultiTankn Fig.2, a preliminary layout of the proposed RF

DTL (MTDTL) accelerating scheme, splitting the wholedistribution scheme is shown.

injector (6+100 MeV) in a sequence of a short DTL tanks  The whole machine will be supplied by 16 RF plants;

fed at a convenient power, whilst long DTL tanks wouldn table 2 the power needs per plant, for 30 mA proton

require more complicated solutions for the RF powePeam, are summarized. The reported data have been

feeding. Such a scheme would have the followingvaluated assuming an effective shunt impedance per

advantages: tank ranging from 20+25 MW, to be consevative, the
i) the focusing elements are placed outside thealues taken are roughly 10% below the corresponding

accelerating tanks, leaving the drift tubes free fron@nes measured of a seven gap prototype tank already

quadrupoles, leading to a simplified heat removal frorassembled and tested in our laboratory. Numerical
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Figure 2. RF distribution layout

simulations made with Superfish on the same tank gi\

an effective shunt impedance roughly 30% greater.
The first three plants could be fed with three CW
220+250 KW Klystrons, using a slightly modified versio

%Iant
No.

No. of tanks
for plant

No. of
gap/tank

Total
power
(Kw)

Unbalanced
power (KW)

1

7

92

6

of the Thomson TH 2145, while for each remaining plan
a 1.1 MW tube, already in use at CERN, could be use

2

8

141

11

We have sorted the tanks to minimize the unbalancgd 3

8

191

15

power losses per plant since hybrid junctions are used|to 4

7/8

573

41

divide the power. For reliability reasons, the operating_5

6/7

667

11

power level for each plant has been kept well below the 6

5/6

616

maximum allowable for the tubes. We also alalysed the 7

5

664

concept where the same 250 KW tube is used for &ll 8

718

tanks, employing in total 55 klystrons, but a cosf

9

632

comparison made on the basis of informations suppli¢

SETs)

664

by two klystron manufacturers, EEV and TTE, was not il 11

696

favour to such a solution. The main parameters of the75

728

two klystrons are listed in table 3.

13

760

14

614

15

630

16
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646

Total
power

9032
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Table 2. RF power requirements for plant
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CERN | TH 2145 or equiv. Nk Klystron efficiency;
Tube Nir trasmission line efficiency;
Operating 352.21 368 n accelerating cavity efficiency.
Frequency (MHz (to be tuned) r/beam
Typically Output| 1100 200+250 The accelerating cavity efficiency can be expressed as:
Power (KW)
Efficiency (%) 65 >62 a
RF gain (DB) >40 >40 _ E, 1
Operating 100 40 Metrveam = (B " Cosh
Voltage (KV) sh " beam
Operating 20 9.8 - L .
Current (A) A preliminary estimation of the overall machine
Total No. of 13 3 efficiency is summarized in the table below:
Tubes to be -
employed Conversion AC/DC Nac/dc 0.9
Table 3. Klystron main parameters Klystron Nk 06
RF Trasmission Line Nir 0.9
_ I.:or. thg fII’St- three plants, the \//v‘hole POWEIrAccelerating Cavity rf/beam 03
distribution is carried out using standard/6" and a 9
Wall-plug to Beam Ntot 0.14

3/16" coaxial lines, while for the remaining plants a W
2300 waveguide distribution is foreseen. In this case a )
waveguide to coaxial transition adapter on each tank has Note thatny has been evaluated averaging the
to be provided. The RF power tuning on each tank isfficiency on the different tanks with a mean structure
achieved by means of a special designed waveguide deadient of 1.3 MV/m and thajyo; doesn't include the
coax transition \_/v_lth a remote controlled end plate §h0r ower requirements for the focusing elements.
or with a capacitive plug tuner. Further analysis will b
gglr:ftziohns.the future to confirm the validity of these 4 CONCLUSIONS
On each tank we plan to control the frequency first proposal for the RF distribution system of the
togheter with the phase and the amplitude of the resultifg 100 MeV CW proton Linac, based on a MTDTL, has
electic field. The frequency will be tuned andbeen reported. As already said, the main reasons for
compensated by means of a proper stub, driven byagopting a modular solution, are coming from feasibility
phase discriminator that compares a reference signal wad reliability considerations, even if the cost of the RF
the signals coming from two loops, opposite in phase arfdants could strongly affect the final choise. However,
coupled with the tank. The voltage amplitude at the tarfke estimated 14% efficiency seems to be consistent with
gaps could be kept constant by means of a voltadlee expected values reachable by means of longer DTL
comparator while the phase control could be realizesfructures as well.
using a scheme based on a mixer which allows a rather

constant sensitivity against large power variations at the REFERENCES
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with:
Mtot wall-plug to beam efficiency;
Nac/dc conversion AC/DC efficiency;,
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