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EXECUTIVE SUMMARY

The Accelerator Technical Advisory Committee (ATAC) of the Japan Proton Accelerator Research Complex (J-PARC) held its second meeting
over the period March 7-8, 2003 at the KEK laboratory in Tsukuba, Japan.

The J}PARC Project was initiated in 2001 as ajoint project carried out by KEK and JAERI. When complete the facility will support researchinto
the areas of Neutron Science and Elementary Particle Physics. The Project is gpproved with a budget of 133.5 billion yen for Phase 1, and a
congtruction schedule leading to completion in 2006. Phase 2 of the project requires an additional 55.5 billion yenin funding and is not yet approved
for congtruction. The committee notes that when complete J-PARC will provide Japan with the preeminent facility for hadron sciencesin theworld.

TheATAC heard presentationsconcer ned with thetechnical design and fabrication of theacceerator facilitiessupporting the J-PARC
Project. Thesepresentationswerewell prepared and infor mative, aswell asbeing extremely responsiveto recommendations from the
May 2002 mesting. I n addition the committeetour ed the constr uction steand observed many pr ototype componentsunder goingtesting
aswell as significant civil construction activities underway. The committee did not specifically review the cost of the facility nor the
construction, installation, and commissioning schedule. Presentations and committee discussion concentrated on the Phase 1 pr oj ect.
The committee was very impressed at the degree of progress since the last meeting and congratulates the project team on itsvery
excellent progressin further developing the design and initiating construction of the accelerator complex.

General Comments

When completed J-PARC will bea state-of-the-art proton accelerator complex with associated experimental facilities. The accelerator
facility, which was the subject of thisreview, conssts of a400 MeV linac, a3 GeV rapid cycling synchrotron, and a50 GeV synchrotron. Thetwo
synchrotrons are designed to provide extremely high aver age beam power: 1 MW from the 3 GeV ring and 0.75 MW from the 50 GeV
ring. Thisperformanceisbeyond that of any other facility operationa intheworld today. Notable pieces of the project that are currently delayed into
Phase 2 include an additional 200 MeV of superconducting linac and associated waste transmutation areg, redlization of thefull 50 GeV performance
of the Main Ring (phase 1 provides 40 GeV), and a neutrino beam line supporting long basdline neutrino experiments.

Performance criteria have been established for dl the accelerators and advanced conceptual designs are complete. All major
components have been prototyped, and approximately 50% (by cost) are now on order.
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The committee heard of a sgnificant scope modification during this meeting—the reduction of the linac energy in its initial

implementation to 181 MeV (from 400 M eV). Thisde-scopingisin responseto cost growth that must beaccommodated in other areas
of thepr oject. Performanceimplicationswer ediscussed, along with the strategy for recovering thefull 400 M eV oper ation oncefunding
becomes available.

Theaccderator design and construction present alargenumber of challenges, most of which areassociated with thevery high average
beam power required from thefacility. Thedesign, construction, ingallation, and (ultimately) commissoning arebeing under taken by a
staff numbering approximately 130 people—an increaseof 19 over thelast year. Whilethisstaff isextremely dedicated and skilled, the
committeefedls, asit did last year, that theoverall staffingismodest for such an ambitiousand complex facility, constructed over asix-

year time frame.

The committee heard very little on diagnostics and drategies for commissioning of the accderator complex. Thisis largely because of the limited
availabletimeto cover everything. However, the committee fedsthat it would be appropriate to delve into these areas at the 2004 ATAC meeting.



| ssues Associated with the Lower Linac Enerqy

Themost significant issue discussed at the meeting concerned the decision by J-PARC management to defer implementation of the
annular coupled structure (ACYS) linac section as a result of a budget shortfall of roughly 8.5 billion yen. As a result, in itsinitial
implementation thelinac will have a capability of 181 M eV rather than the400MeV in original project scope. The Project Director has
assembled an ad-hoc committeetoidentify a strategy for recovery of thefull 400 M eV performanceoncefundingissecured, consstent
with projected operational demandsfor thefacility. J-PARC management specifically asked the ATAC for comment on thepr ojected
performance of the facility in the lower energy configuration and on the strategy for recovery.

Lowering the linac energy has the most direct impact on performance and configuration of the RCS. It has secondary, but still
sgnificant, impact on the perfor manceand configuration of the 50 GeV Main Ring. The primary elementsof thecomplex that haveto
be addressed in this configuration are:

Space-char gefor cesat RCSinjection. The space-char getune shift scalesas 1/(b 2g®) for afixed physical beam emittance (asis
created by the RCSinjection scheme). Scaling from 400 M eV to 181 M eV would lead to a 66% reduction in beam intensity, and
hence beam power, if one maintained the same space-char ge tune shift.

The RCSrf system. The frequency swingin the RCSrf system isincreased because of the lower injection energy. Thisisnot
deemed asgnificant obstacle. In addition, the RCSwill beasked to operatein snglebunch modewhen fillingthe 50 GeV Main
Ring (see discussion below). Beam loadingissuesar e significantly different with single, ascompar ed to the normal two, bunch
oper ations.

The RCS magnet/power supply system. With 181 MeV injection the magnetic fields in the RCS will be about 64% of their
values at 400 MeV. Field quality and power supply regulation at these values need to be under stood.

The50 GeV MR rf system. In order to maintain as much beam intensity as possible in the MR it is proposed to double the
harmonic number of the MR rf system and inject single bunches over 15 cycles from the RCS. Implications that must be
addressed in the RCS include beam loading compensation with single bunch operations and the duty cycle which can be
maintained in the RCSfor 3 GeV beam users. Within the MR it isnoted that the injection dwell timeisincreased from 0.16 to
0.60 seconds.

The J-PARC saff argued, and supported with smulations, the idea that one can operate at a higher space-char ge tune shift at the
injection energy because a greater fractional beam loss on the collimator can be tolerated. It was estimated that in practice the
achievable RCS beam power would bein the range 0.4-0.6 MW when operating in this configuration. It isnoted that these numbers
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would be further downgraded by 20%, i.e. to 0.32-0.48 MW, when running in the single bunch mode for smultaneous 50 GeV MR
operations. It should benoted that a 5% aver age power reduction in theRCSdueto smultaneous50 GeV M R oper ationsaccompanies
the original accelerator configuration incor porating the 400 MeV linac.

Therecovery scenario developed involvesinstalling the downstream 219 MeV of ACS during 3 month periods executed over three
consecutive summer shutdowns, followed by a 3 month commissioning period immediately subsequent to the final installation. The
ATAC findstherecovery strategy to be credible. Notethat therecovery strategy locksthe RCSto MR injection schemeinto place,
and the accompanying power reduction in the RCS dueto smultaneous oper ations, even after 400 MeV linac oper ation isachieved.

Wealsofind thestrategy for reconfiguring theaccelerator complex to accommodatethelower linac ener gy to befundamentally sound.
However, thecommittee believesthat ther eissignificant uncertainty associated with the perfor mance pr ojectionsin theinterim period
in which thelinac is operating at 181 MeV and hence makes the following recommendations :

Before endorsing completely the proposed scenario for energy recovery, we strongly recommend detailed computation of the
performance degradation of the 181 MeV beam when passing through idle detuned ACS structures.

Thecommitteestrongly endor sesthe strategy of completing all civil construction and associated utilitiesinstallationsto support
retrofitting of the full 400 MeV linac energy at a futuretime.

Thecommitteedoesnot believetheoriginal project goals(1 MW RCS, 0.75 MW MR) can be achieved with thelower energy
linac. Hence, the committee strongly encour ages management to secur efunding to completethe400 M eV linac at the ear liest
possible date.

Thecommitteerecommendsthat continued simulationsand measur ement effort beinvested in under standing per formancewith
the 181 MeV linac. In particular werecommend that magnetic fields of RCS magnetsbe measured at the 181 M eV excitation
fieldsand that consideration be given to non-linear correction elements.

The committeeis concer ned about the ability of the 50 GeV Main Ring to store beam at flat-bottom over therequired 0.6 sec
injection timein the presence of strong space char ge for ces. Thecommitteefeelsthisisapotential vulnerability that requires
further investigation.

The committee suggests that commissioning and early operations schedules for J-PARC include realistic assumptions of
performance with the 181 MeV linac and the 400 M eV recovery plan.



Linac

The linac conads of an (H™) ion source (1S), drift tube (DTL), separated drift tube (SDTL), and annular coupled structure (ACYS) linacs. As
described above, the ACS congtruction and implementation is currently delayed. Thefina energy in Phase 1 (including the ACSlinac) is400 MeV,
with a peak current of 50 mA, and a repetition rate of 50 Hz. For 181 MeV operations the peak current is limited to 30 mA due to RCS
consderations. The committee notes that this gives the JPARC staff some additiond time to explore options for implementation of the find ion
source/RFQ.

The linac design is well advanced and procurement of the DTL and SDTL has begun. An ion source that nearly meets specified
requirements also exists and studies of the sour ce and associated low energy beam transport (LEBT) and medium energy transport
(MEBT) linesareunderway. DTL tankshave been measured and will soon betested with beam. All recommendationsfrom the May
2002 review have been consider ed, and someaccepted. Thecommitteeishappy with theresponses. Thecommittee offer sthefollowing

gpecific comments and recommendations with respect to the linac, in addition to those listed above relative to the lower injection
energy:

Thedesign and hardwar e assembledto date are basically sound and likely to deliver the specified performance.

Theend-to-end simulationsof thelinac areabsolutely necessary. Werecommend that these be adapted to utilizethe obser ved
particle distributions coming out of theion source and MEBT, and to carry through the entire linac up to the RCS.



Rapid Cycling Synchrotron (RCS)

The RCSis atate-of-the-art, high power, synchrotron. It is specified asproviding a3 GeV proton beam with 8.3" 1013 protons per pulse at 25 Hz
repetition rate. The total delivered beam power is 1 MW. As discussed above the per pulse intengity is estimated to be at 40-60% of the design
intengty while operating with a 181 MeV injection energy.

Multi-turn charge-exchange injection from the linec is utilized in the RCS. Transverse and longitudinal painting, plus a second harmonic cavity, are
employed to minimize the impact of gpace-charge forces within the beam. Accderation utilizes anove RF sysem. The laticeis of the “flexible
momentum compaction” type producing a higher transition energy than would be achievable with a more traditional FODO type lattice.

The design lattice for the RCS has been finalized over the last year. Recommendations relative to the design from the May 2002
review have been consider ed and someadapted, most notably theintegration of programmabletrim dipoles. Procur ementshave been

initiated and prototype dipoles and quadrupolesfabricated. A prototyperf cavity has been produced and operated at full power and

50% duty factor. Thecommittee commendsthe project team on animproved injection system relative to that described at the May 2002 mesting.
Thecommitteeisvery favorably impressed by al these devel opments and offersthe following specific comments and recommendations, in additionto
those listed above relative to the lower injection energy:

Thedesign and hardwar eassembled to datear e basically sound and likely to deliver the specified performance (at the400 M eV
injection energy).

Thecommitteewasnot presented with detailedimpedanceand tune-shift budgetsfor theRCS. Thecommitteerecommendsthat
these budgets be developed and requests a presentation at next year’'s meeting. In addition the committee recommends
measur ement of impedances of critical components of the RCS, especially the ceramic vacuum chamber.

Werecommend arealistic smulation of injection painting and initial ramping incor porating magneticfield errors, space-charge,
and collimation.



50 GeV Main Ring

The 50 GeV Main Ring isthe second state- of-the-art, high power, synchrotroninthe project. It isspecified as providing 50 GeV proton beam with

3.3" 1014 protons per pulsewith a0.3 Hz repetition rate. Thetotal delivered beam power is0.75 MW. Asdiscussed above the average beam power
is estimated to be a 54-96% of the design intensity while operating with a 181 MeV injection energy into the RCS.

Injection utilizes 15 beam transfersfrom the RCS (for 181 MeV linac operations). The origina design utilized four transfers. Thus, theinjectiontime
has been lengthened from 0.16 sec to 0.60 sec. Beam iseither fast or dow extracted from the 50 GeV ring in support of avariety of high energy and
nuclear physics experiments. The lattice is of the “flexible momentum compaction” type thet alows acceleration of the beam without crossing
trangtion. In phase 1 the energy of the Main Ring islimited to approximately 40 GeV.

A completedesign for the 50 GeV Main Ring existsand procur ementsof magnetsand power supply systemsarewell advanced. R& D
continues in parallel on RF systems. The committee is very favorably impressed by these developments and offers the following specific
comments and recommendetions, in addition to those listed above rdlative to the lower RCSinjection energy:

Thedesign and har dwar e assembled to date are basically sound and likely to deliver the specified perfor mance (oncethe 400
MeV linacis operational).

The committee heard a presentation of a proposed design modification that would lower the vertical tune (reative to the
horizontal tune) of the MR by 2 units. Thischange appear swell motivated and the committeeishappy to add itsendor sement.

Thediscussion provided to the committee on impedancesand instabilitiesrepresentsagood start at under standing theseissues
withintheMR. Thiseffort isin theearly stages of development and needsto be continued. Thecommitteerecommendsthat the
design team consider stheintroduction of new elements(for exampleactivedampersor octupoles) or new strategies (increased
longitudinal emittance) to combat beam instabilities, especially during the sow extraction process.

The committeeis concerned with the performance of the dow extraction from the MR. The scheme presented relieson zero
chromaticity and a debunched beam. We believe that beam stability isgoing to bea seriousissuewhen operating in thismode
and thus makethefollowing recommendations. 1)completethe smulation demonstrating the 1% losscriteria during the dow
extraction process; 2)smulate the debunching process of the beam in the presence of the cavity impedances; and 3)consider

measur esto amelior ate beam stability issuesduring thisprocess, for examplethrough implementation of a higher frequency rf
cavity.



Control System

The JPARC Control System provides integrated cortrol of the entire complex. The Control System is based on EPICS and the basic
infrastructureisalready in place. The network architecture has been quite fully worked out and includes afiber backbone to many distributed
edge switches with copper to the | OCsand other network devices. Thissystem will operatein anoisy, high pulsed power environment. A smdl and
versdtile suite of instruments have been sdected that can be interfaced to the control system via Ethernet or the VME backplane. Driversfor these
devices have been written and tested.

Specific discussions were held at this meeting concer ning the timing, personal protection, and machine protection systems. The
committeeisfavorably impressed with progressto date and offer s the following comments and recommendations:

The controlsteam isvery small (~9 people) and much of thework will have to be out-sourced. Very tight communication
between the two sites will be essential to success.

Based on experience at other laboratories the committee hassome concer nsrelativetothestrategy of not locking thetiming
sysem tothe AC line. The committeer ecommendsthe project team consider theimpact on non-line-locking on per for mance of
the complex.



