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Abstract

The goal of th@roposed Neutron ScienBeoject ( NSP )
at JAERI is toprovide ashortpulsedproton beam of less
than Jus with an aeragebeam power MW. Toachieve
such purpose, a proton storage rapgrated abOHzwith
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At such a high average current, a beam loss of a very
small fraction makes a very high radioactivity around the
ring. Itisnecessaryto examine reductiorlocalization of
the beanfoss with sufficientonsideration athedivergence
of the beam by the space charge force, the resonance
phenomena by the tune shift, longitudinal instability, e-p

4.17x106* protons per pulse at 1.5GeV is required. Thenstability and so on. This paper describes the preliminary

preliminary study of the ring for the specification of the study of the proton storaging.

neutronscience project iglescribed irthis paper.

1 INTRODUCTION

Japan Atomic Energy Research Institute, JAERI, has been

proposing the Neutron Science Project (NSP) which is
composed of researchcilitiesbased on proton linaand a

proton storage ring with an energy of 1.5GeV[l]. The
proposed NSP isring at exploring new basic researches

and nuclear technologies such as condensed matter physics

and nuclear waste transmutation based on a proton
accelerator. Ithe proton storagéng, thepulsed bearfrom
the linac isaccumulatedandhigh intensitypulsed beamiis
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Fig. 1 Layout of the proton storage ring

producedor the neut.ron -scattering.experiment. The goal of [ geam Average Power 2.5 MW /ring
the proton storage ring is to provide a short pulsed proton| Kinetic Energy 1.5 GeV
beam of less thanus with araveragdbeam power of 5SMW Average Current 1.67 mA/ring
with two rings. The study of the protstorage ringvhose Repetition Frequency 50 Hz
beam power is 2.5MW has been performed[2]. Figure 1| Linac Peak Current 30 mA
shows a layout of the proton storage ring including the High [ Linac PulseLength 3.72 ms
Energy Beam Transport (HEBT) line which connects the | Number of Tumdnjected [ 2777turns /ring
1.5GeV linac to the proton storageg. The beam coming InjectedBeam Gap 270 ns
out of the linacis a 1.5GeV Heamand1.86ms long with :;?rc;iiimfr:s:rgth i’oo ns
a peak current 80mA. Thebeam ischopped tahe pulse )
. . Revolution Frequency 1.49 MHz
length of 400ns W|th 270ns gap. The l?e.am.ls compressed . terence 185.4 m
by means of a multi-turoharge exchangajection.When MagneticRigidity 751 Tm
a harmonic number of the ring is 1, a circumference and Circulating Current 49.75 Alring
revolutionfrequency ar&85.4mandl.49MHz respectively. ) _ X _
The single bunch in the ring is contained by rf cavity. To L. of Circuating Protons] 2.08x10" protonsring

achieve @eam power a2.5MW with thisbeam structure,
it is necessary to accumulat2777 bunches. This
corresponds t@.08x10* protons. When the beam injection

Table 1 A basiparameters athe proton storage ring

2 HIGH ENERGY BEAM TRANSPORT LINE

is completed, accumulated protons are extracted from the

ring during 1 tum. The average current circulating in thEn® High Energgeamiransport lingHEBT)connects the

ring with 1.49MHz revolutiorfrequencybecomed9.75A.

1.5GeV linacto aproton storageg. A majorrequirement

A basic parameters of the proton storage ring are showrP4his liné is tchavelow uncontrolied beaross in theing

Tablel.

in order to allow hands on maintenance. To achieve such



low beam losses in the ring, the beanmst beprepared very  TBA lattice. Such a property will giveneugh spce for
carefully beforanjection. TheHEBT not only matchesthe injection, rf cavity, and extraction. The consideration of
beaminto the ring, but alsdeterminethe beam quality at beam dynamics fagacHattice is important talecidenhich
injection. TheHEBT has following functions(a)matching is better lattice for the proton storageg. This is the main
of the beam from the linac into the transport line, (ubject for our study of theng.

horizontalndvertical betatromandmomentum collimation,

(c)focusing the Hoeam to theorrectspot sizéor injection, oo ilooio1 1

and (d) halo cleanup. To reduce the prditsh of 29
uncontrolled beam losses, HEBT is equipped with many EZO B
beam halo scrapers. Timaximum magnetifield in dipole —15 By
and quadrupole isept less than 1.8kG teep Hstripping ilo
losses t@cceptabléevels. Thalesign of HEBBystem has f:
beenperformed. @ o 7 nx
The HEBT consists of two matching sections and an 05 10 \20 30 40 50
achromaregion. Figure 2 shows an example ofrtregnet s [m]
lattice for theachromat region ithe HEBT. This lattice has Fig. 3(a) Betadunctionanddispersion function
two dispersiorireeregionsandone highdispersion region. of the 20 cell FBDO lattice

There are horizontal and vertical collimators in these

dispersion free regions and momentum collimator in high —

dispersion region iorder toclean up a beaimalo.
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Fig. 2Magnet lattice for thachromat region itheHEBT  Beam Injection
There is anainsource of beartoss in an injectiorarea and
3 STORAGE RING hence the most critical item for the ring because the main
loss isdue to H or H beam intersection with a stripper foil
MagnetLattice duringandafterinjection. H injection nethod inwhich H
Two kinds of the magnet lattice are studied for the protdream isconverted to Hbeam with the stripping folbcated
storage ring. One is 20 cell FBDO lattice and the other i8 the injection magnet is adopted for the storage ring. In
Triple Bend Achromatic (TBA) lattice. The betatronthis method H atoms emerging from the stripper faié in
functionandenergy dispersiofunction have beesvaluated a distribution of excited states resulting from the stripping
by using the lattice analysis program “MAD” developed ateaction H>H%*(n) + e wheren is the principal quantum
CERN. The calculated data are shown in Fig.3. A largeumber. The lifetime of Hatomsdepends othe Starlstate
transverse beam emittance is required in the ring to restiiatthe magnet [3]. The lifetime of 1.5GeV ldtoms was
thetransverse space chatgae shift. Thehosen values for calculated[2]. ltwas obvious from this calculatiafatathat
an un-normalized 100% transverseittance of an injected the H atoms with 84 remain as Hand may be removed
H beam, a ring acceptance and Bimator acceptance are from the ring, and atoms with n>5 rapidy beconfeadd
2mmm-mrad, 53@mm-mrad, and 20@nmm-mrad, are accepted in the ring with the injection magnet whose
respectively. This transverse emittance restricts the spateength of the magnetic field is 0.15T. The injection
chargetune shift to less thab. 1. scheme which should laglopted to redutcke beamoss in
The betatron variation around the ring of the FBD@he ring haveenstudied.
lattice is smooth. Such a property will minimize the A large transverse beam emittanceetuirechot only to
possible envelope oscillation for beams with large spawgstrict the transverse space charge tune shift but also to
charge tune shift. There are long straight sections in tfegluce the circulating proton beam intersection with a



stripping foil. To obtain the large transverse emittance tlwehen injection of all bunches is completed,cumulated
phase-spaggainting is alsaonsidered4]. beam is extracted from the ring during 1 turn. An interval
RadioFrequencyCavity between bunches is 270ns from the injection beam pulse
Though theacceleration ofhe beam is notarriedout in the  structure which ishopped t&670ns bunch widttvith 60%
rf cavity, the rf cavity isequiredfor maintaining théounch  duty cycle. It isnecessarthat the magnetiield of a kicker
structure in the storagmg. The injection beam ishopped magnet is enough to extrabe beam from the ring to less
at the bunch revolution frequency of 1.49MHz. Thé¢han 270nsndiskept with the strength to more th4d0ns.
necessargavity voltage is the sum of voltage Whichis In fact, the required field rise time of kicker magnet is less
proportional to the momentuspread ofhe injectiorbeam than 150ngonsideringheincrease othe beam bunch due
and voltage \. which supplements the decreasing voltag® synchrotron oscillation and divergence by the space
by thespace chargedfect. The \j voltage is about 13.5kV charge effect during multi-turn ring injection. When the
by assuming that the momentum spread is tatd1%. un-normalized 100% extractiormétance, beta function,
The necessary Y voltage changes according to thelispersion function, and momentum spread ara@00-
accumulated number of beatvunches. When all beam mrad, and 15m, respectively, the reflection angle becomes
bunches araccumulated, the ) voltage becomes about about 8.7 mrad. A kicker magnet of 0.02T and 3.3m is
7.5kV urderthe condition that the longitudinal distributionrequired in order toealizethis extraction process.
is parabolic. The rf voltage imisedfrom 13.5kV to21kV
to maintain the beam bunchesringinjection. 4 UPGRADE PATH

The storage process is simulated using beam tracking
codewhich has been developingJ®ERI. Thestored beam The phase | construction of the NSP project is a 1.5MW
distribution at each turn is calculated assuming that tlspallation neutron source. A systematigagradepath has
distribution of injection beam is uniform and this beam ibeen proposed. Thipgraddérom 1.5MW to 2.5MW will be
stored for 100 turns. The rf voltage at start is 13.5kV arathieved byncreasing a peak current gualse length of the
increases to 21kV during the injection. The longitudindinac beam. The upgrade from 2.5MW to 5MWIivwbe
motion with the firstand secontiarmonic(dual harmonic) accomplished by providingseconding to aim théeams
rf bucket is simulated faeducingthe space-charge force at from both rings at the same target. In this case, the beam
the beam center and increasing the bunching factor. Thergnsport system has to combine the beam bunches from the
voltage ofseconcharmonic is taken to be 10.5kV which istwo rings into a single pulse of less thars duration.
half of the first harmonic voltage. Figure 4 showsiibam
distribution at the end of injection in a longitudinal phase 5 REFERENCES
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Beam Extraction
The fast extraction method is used from the request of the
neutron scattering experiment. In this extraction method,



