CONCEPTUAL DESIGN OF MUSES 300MeV ELECTRON LINAC

M.Wakasugi, RIKEN RI Beam Fadory Project OfficeJapan
T.Katayana, University of Tokyo, Center For Nuclear Study, Grael&chool of Science
Y.Kamino, Mitswbishi Heavy Industies, Ltd. Nagya Aelospace Systas, Japn

Abstract RF Frequemry :2856MHz

The Multi Use Expé@mental Storageings (MUSES) is Bean enegy - 390Mev
. . " Pulse repetition : 50HméX.)

planned as one tfie man research assdts addition to . .

U Long pulse mode : Bean pulse width 5 psec
thesuper conducting fing cyclotrons(IRC and RC-6) and B t 100mA
RI beam generator(BigRIPSjor RIKEN RI beam factay ean cu'rren mA

) ; Short pulse mode : Bam pulse width 1nsec
(RIBF). MUSES is omposed of Double Storadring

. Bean curent 1A
(DSR) Accumulator Cooler Rig(ACR) and Booster .
. g . Enegy spread +0.25%(design tget)

SynchrotronBSR)for various colisionexpetimentsof RI Nomalizedemittance : 100 mm mrad (max)
particle, ions, electron and SQiRoton.The MUSES '
300MeV electror.INAC provides electron taen to BSR

and DSRThis electrorLINAC features a ompad high 2.SYSTEM DESIGN
energyLINAC with a high qualiyy beam of low enegy ) . . i
spread andrsall emittance. Inthis paper the conceptual A high gradent accelerationsinecessgy to attain a
design of the LINAC is preseted ad the imovative a short bam line. The 5usec bem pulse is requwed for
approach to suppress the energy spread ésstisd. the Long pule mode and thelSED is not applicable. A

high pe& power klystron Toshiba E3712 (80MN 4usec)
is selectedThe Gusec RF pulswidth is required for
1. INTRODUCTION 5usec bem pulse including a filling time of the
accelerator guide3.he klystronhigh voltage bam pulse
A doubk storage ring systefMUSES) is planned as a of 8.2usec{3dB) isnecessgy. The diswssia with the
main expermentd assé in addition to super conductive klystron manufacurer cancludes 50MW pela power
ring cyclotrons (IRC, SR®) and RI bem generator (Big operatio will be reasonatdwith ome sfety margn.
RIPS for Rl bean generathn. MUSES is omposed of a The number d the accelerator guéd per klystron is
double storage ring (DSR), ancamulator coole ring, studiedwith modulata number(ecmomical) and beam
booster sychrotron(BSR) and an electronlNAC for line length(@mpactness) as evaluati factorsand the
collision expeiiments of Rl particles, lon, electron and conclusion is 2 accelerator guides one klystronThe
SOR photon.The electronLINAC provides BSR and system block diagram of the LINAC isgivenin FHg.1.
DSR with 300MeV electron bam as an injector and is The regular section issmposed of three klystorns and six
required to bea very compad accelerato with the accelerator guide3.he sme klystron is selected for the
peiformance specfied bebw. The electrorLINAC beam injector section for theawnmonality of the spare klystron.
line is also required to ebelectranagnetically quiet, The Enegy GainDiagram isgivenin Fg.2.
because ensitive detector devicewill be collocated on
the ame floa.
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3.INJECTOR SECTION

The injector section is theLBC type mmposed of a
starding wave type pre-buncher No.1(PB1), a traveling
wave type pre-bunher No.2(PB2) and a travelingave
type accelerator guidd ®=1. A rather low gun voltage
(100kV) can be used, because PB2 haacceleration
effect The electron gun is drien by 100kV DC pwer
soure for the suppresen of electomagnetic noise.The
desig gun current is 1.3A for the dort pulse mode and
the gun electrogk geometry is optimized for this current.
An irisis usedto limit the gun current to IBnA for the
long puse mode which will improve the gunemittance.
The cathod will be EIMAC Y-845 (cathode ae.5cnf)
to improve the gunemittancewith a small cathode area.
Other injector pamaeter is detemined with PARMELA.
Fig.3 and k.4 stowsthe PARMELA simulation result.
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Figure 4 Short Pulse Mode

4. REGULAR SECTION

The regular section immposed 6 three goups of
CG type traeling wave type acceleratoguides The
attenuationfacta of three groupsA,B,C is 0.5Nepe
0.6Nepe and 0.7Nepe respective} to downstream of the
bean line. The groyw A has three accelerato guides and
growp B and C hastwo accelerator guides respectiveb
mentionedin sectio 2. This arrangment is for HEMy,
mode dumping to suppress hie cunulative type d beam
breakup (C-BBU) in the long puls mode.The HEM;
mode induced in thupper stram of the accelerator guide
by the df axis bean is dumped in the downstream
accelerator guide, because the HEgNtequency of the
uppe strean is aut off frequency in the downstream. This
scheme will be too muchfor 100nA beam current. The
minuteand quantitaéitve examination of C-BBU should be
performed and the wification of the guide paranete will
be prderablefor econory, if possible.

5. BEAM TRANSPORT

In the irjector sectiorthe bam is focused § solenoid
coil. After the bucher guide, Quadrapel[Triplet lenses
are used for beam focusing. The beam transport
simulation with TRANSPORT is stown in Fig.5 for the
long pulse mode.
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6. ENERGY SPEAD CONSIDERATION

The cause of the energy spreadsi$od ows.

(2) Acceleratbn field fluctuation causedby the
Klystron RF pwer fluctuation within a bem pulse

(2) Acceleratbon phase fluctuation aused by the
Klystron phasfluctuation within a bam puse

(3) Phase distributin of the eletron bunch

(4) Bunch positioning error causelly the Phasng error
of acceleration RF

(5) Bunch positioning error causelly the Reactive
Phase Distortion

(6) Beam LoadingEffect

The pulse flatness+0.3%(pp) of the Klystron voltage
will not be dificult with a caréul PFN and impedance
matching desia of the Klystron modulator asfor item
(1) and (2) aboveThe PARMELA simulation result
shows that the bunch width is less han 4deg FWHM as
for item (3) aboveThe phasing error is lessath+3deg
with the existing sysims as for item (4). The reactive

pha® distortionis less tlan 1deg because of the light

bean loadingin the long pule mode.Ther.m.s. value
of the enegy sprea caused ¥ item (1) to (5)
contribute randmly is lessthan +0.2% forboth long
and short pulse modes. Rit for the long pulse mode,
item (6) causes about 10&hergy transient at the rise
of the bam pulse, if the electron laen is injectal into
the accelerator guiddully filled with RF. The width
of the transiet is abatt 1usec and 20% of the 5Susec
pule will be lost atthe energy apertarof the
following bean devices. Qe method to canpensate

this energy transient will be the use of ECS(Energy

Compressim Systam) composed 6 4 bending magnets
and an energyarnpression accelerator guidgut ECS
requires more tran 10m of space in the lam lineand a
compact bem line will not be feasit# with ECS.

The secondnethod will be the Kystron trigger itming
adjustnent to the electron bea trigger. But this
method will not have erough canpensaion. At SLAC,
the amplitude modulation of RF fed to the accelerator
guide is recognized to hawe goad enegy transient
suppressin effect with NLCTA.M@ With NLCTA,
delay line type S.LED2 is driven by one Klystran phase
modulated to gve the requiredamplitude modulation.
Dre Shintakeof KEK has presentg anothe idea to
give the requiredamplitude modulatin by feeding
conwentional avity type SLED with phas modulated
two Klystrons for their C-Band LineaCollider plan!®!
In our case, theresino S ED. The Klystron isdriven
by the amplitude modulated RF source as @hin in
Fig.6. The amplitude modulation will be realized by
vector summingof two pha® modulated RF signal.
The HWystron has ome phase fluduation when the
input RF drive pwer is amplitude modulated. The
phase fluctuatin can be ompensatd by counte phase
modulation. The amplitude modulation pattern and

simulated bean energy is shown in Fig.7.
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Figure 7 Energ transient Suppression
by RF amplitude modulation

7. KLYSTRON MODUL ATOR

2.0

The Klystron modulatar will be the conentional line
type pulsar with a high voltage carging DC power
suppl and PFN. But the recent delopment of the pwer
semiconductor provides a very small and higfiigent
IGBT driven charging inverter DC pwer sipply
commercidly available!.

8. CONCLUSION

The outline ofthe systm designof a compad electron
LINAC with a narow energy spread is presentefbr
RIKEN RIBF MUSES. A further engineeringvork will
be necessy for the BBU analysis and energsansient
suppressin beore the detail design.
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