Japanese Hadron Project

—The First Stage—

March 1989

Institute for Nuclear Study
University of Tokyo




CONTENTS

Outline of the Japanese Hadron Project ..................oi. 2
JHP Accelerator SYSteIT ....oueuireininiiiieiniiiiiinineiniiiiiieinecienenes 7
MESON ATENA  «eueneninininininiiiiiniiieeiteneienteeraeneeteneaenenes 12
NEUTRON ATENA c.cutnininiiininininiiiiiiiiniieniitiaeneneieeeraenenes 16
EXOTIC NUCLEIL AI€NA .« euvuvviinininiininininiiinineniniaieenenen 20
KAON ATENA .eouvitiiniiiiiiniiiiiiiiiiiiteii e eeeeneeaeeeneanaes 24
Radiation Safety ........cccocoeviiiiiiiiiiiiiiiiiiiii 26

The Japanese Hadron Project (JHP) has been proposed in order to promote
the progress of new research fields in nuclear physics and related science. Much
effort has been put forth by the JHP working group organized under the
auspices of the Institute for Nuclear Study, University of Tokyo. In June 1987,
the first draft of “The Japanese Hadron Project” was published. Since this
project is closely related to particle and nuclear physics as well as other sciences
presently under way at the National Laboratory for High Energy Physics
(KEK), its concept has been fully deliberated in collaboration with KEK.
From the viewpoint of physics in general, the Japanese National Committee on
Physics of Japan Science Council positively reviewed this proposal and has
resolved to see its realization as soon as possible.

In 1988, the working group decided to emphasize, as the first stage, the
facilities designated for early construction among the ones proposed in the first
draft proposal. Under an interim promoting organization of the JHP, further
design work for accelerators and experimental facilities has started according to
this plan.

This document summarizes the present proposal for the first stage of the JHP.



A proposed site for the Japanese Hadron Project is shown with a white dashed line in
the picture, which is located at the southern part of the present KEK site.




OUTLINE OF THE JAPANESE

Quest for a New Science with a Wide Variety of Unstable Particles

The Japanese Hadron Project aims to investigate many unexplored facets of matter by
utilizing various kinds of unstable particle beams such as mesons, muons, neutrons, and
short-lived nuclei. Such beams are to be supplied by an accelerator complex of high-
intensity hadrons described in this brochure. This project is expected to extensively
contribute to the progress of basic sciences, not only nuclear and particle physics but also
condensed-matter physics, atomic physics, chemistry, life science and advanced engineer-
ing.

The research facilities to be realized in the Japanese Hadron Project are called
“ARENA” after the Roman amphitheaters which were used for combat and other
performances. In the arena of JHP, scientists are expected to freely perform their research
activities with the supplied unstable particle beams. This project intends to establish four
arenas (K, M, N, and E), in which particular fields of science will principally be studied.
It is also emphasized that the scientific activities of the four arenas are to be related to each
other through cross-communication among the different disciplines of science, which
should be mutually beneficial.

Pioneering

Researches such as meson science, pulsed
neutron scattering and nuclear physics with
unstable nuclear beams have been intensively
explored by Japanese physicists. The project
puts emphasis on these scientific activities and
intends to further develop the fields.

Interdisciplinary

The project emphasizes synergistic effects
in research activities through mutual collabo-
ration among different fields of science. The
structure of the accelerator complex is designed
so as to promote exchanges of ideas and to

develop interdisciplinary fields of science.

Basic Principles

of the Projects

International

JHP is intended to be unique and complemen-
tary to other projects in the world. lIts facility
and scientific activities are defined from a point
of international collaboration in basic science.
The new facility will be open to scientists in
the world.

State-of-the Art

Engineering
The accelerators of the JHP are designed bas-
ed on accelerator engineering developed within
Japan. The project is expected to stimulate the
development of rf technique, beam control, radi-
ation safety engineering, superconducting tech-
nology as well as data and information process-
ing.




HADRON PROJECT

Research Areas of JHP

K AReNA
Improvement of the 12 GeV PS at KEK
High-intensity and high-quality beams
Injection of 1 GeV H™ from the 1 GeV linac
New experimental hall for high-intensity
secondary beams

Strangeness nuclear physics

High-energy nuclear physics

Particle physics beyond the standard model
Search for rare decay modes
Search for new particles

M Arena
Meson Science Facility

Pulsed to DG, ultra-low to high-energy muon
beam

High-intensity pion beam (<0.7 GeV)
Time-separated neutrino beam

Intermediate-energy nuclear physics
High-precision particle physics
Muon catalized fusion

Condensed matter physics with xSR
Material science

Atomic and molecular science
Chemistry

Life science, medical science

E ARena
Unstable Nuclear Beam Facility
Production and acceleration of exotic nuclei
Variable energy (0-6.5 MeV/nucleon)

Nuclei far from stability

Search for superheavy elements
Reactions induced by exotic nuclei
Isospin-dependent interactions
Nuclear astrophysics

Injection of radioactivities into mate-
rials

Radiochemistry

High Intensity Hadron

Accelerator Complex

N ArRENA
Neutron Scattering Facility

High-intensity pulsed neutron source
Neutron spectrometers

Neutron scattering in wide Q-w space
Fundamental physics with neutrons (symmetry
breaking etc.)

Condensed matter physics, material science

Chemistry

Life science

Nuclear and particle physics

Accelerator engineering

Radiation safety
engineering

High-speed high-density
infomation processing




OUTLINE OF THE JAPANESE HADRON PROJECT

The JHP plans to construct the following accelerators and facilities:
Proton linac,

Compressor/stretcher ring,

Heavy-ion linac,

Meson experimental facility (M ARENA),

Neutron experimental facility (N ARENA),
Exotic-nuclei experimental facility (E ARENA).

It is planned to locate these facilities on available land to the south of the National
Laboratory for High Energy Physics (KEK) at Tsukuba. The improvement of the
existing 12 GeV PS (K ARENA) at KEK is also planned by the injection of a
high-quality proton beam from the 1 GeV proton linac.
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to the KEK 12 GeV PS

. Proton linac

. Compressor/stretcher ring
Heavy-ion linac

. Heavy-ion facility

Meson facility

Neutron facility
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OUTLINE OF THE JAPANESE HADRON PROJECT

Features of the Accelerators and Arenas

Each facility will have the following unique features compared with other facilities in
the world.

Characteristic features

Highest energy (1 GeV) in the world
Largest acceleration gradient per unit length

Proton linac

Highest beam intensity (=200 xA)

Compressor/stretcher ring VTbis g Silcties

Ultra-low energy (1keV/u) injection

Heavy-lon linac ; :
y Acceleration of unstable nuclei

Short-pulsed beam (20 ns) to DC 7, 4 beam

MESON arena Very low-energy x4 beam; pulsed vbeam

High-intensity and pulsed neutron

NEUTRON arena " o
scattering facility

Acceleration of unstable nuclear beam

EXOTIC NUCLE! arena up to 6.5 MeV/u; unique in the world

(HA)
250 O KEK Booster
A high-intensity proton beam is JHP
supplied to the M and N arenas by the £ 200; u O ANL
1 GeV proton linac and the compres- S
sor/stretcher ring. The intensity of = 1501 RAL
the beam is planned to exceed those of S
existing accelerators, as shown in the = B LAMPF
i ) 100]] (in tune)
figure. JHP emphasizes supplying o
low-emittance beams with various g B | AMPF
time structures which meet various ex- & 501 (d5&iGned)
perimental requirements. ]
oL B R
0.0 0.5 1.0 1.5
Energy (GeV)
(MeV/u) | guvain-la-Neuve TRIUMF (Canada) Comparison of Pulsed Proton Beam
10 (B/elgnum) _proposed
. o | .
2 1t 1 JHP A unique feature of the E arena is
G | that a wide variety of short-lived
é 01l E exotic nuclei with A <60 produced by
g ! 1 GeV protons are accelerated by the
Q | heavy-ion linacs up to 6.5 MeV/nu-
< el i cleon, so that nuclear reactions can
N/CERN be induced by unstable nuclear beams.
0.001~ :
1 1 1 =L | ==

Mass Number
Comparison of Radioactive lon Beam




OUTLINE OF THE JAPANESE HADRON PROJECT

Construction Schedule

Financial years—
[ 1 | 2 [ 4 {8 6 |

| Organization of the new institute I

Accelerator

K Arena

Radiation Safety

Design

Construction

[:j Tune, test




JHP ACCELERATOR SYSTEM

The accelerator complex of the JHP consists of a 1 GeV proton linac, a compressor/
strecher ring and a heavy-ion linac, which supplies:
Short-pulsed £ and v beams,
Continuous 7 and ¢ beams,
High-intensity pulsed neutron beam,
Exotic nuclear beams.

The compressor/stretcher ring is a versatile tool for shaping the time structure of
beam produced by the high-intensity proton linac. The pulse-structure of 400 us from
the proton linac is compressed to a micro-pulse of 200 ns, resulting in a peak intensity
that is more than one thousand times higher.

The acceleration of exotic nuclei is another specific feature of the present project.
Nuclei far from the stability line produced by 1 GeV protons and mass-analyzed with an
ISOL are to be accelerated by the heavy-ion linac.

The improvement of the existing 12 GeV PS is also planned as stated in p. 4.

JHP Accelerator Scheme

1-GeV proton beam F B =

High-intensity neutron beam
Short-pulsed #beam
Continuous 7 beam

ISOL

arena arena

arena

Unstable nuclear
beams

A<60
Energy 6.5 MeV/u

ﬁf‘ ( Heavy-lon Linac

High-intensity proton
beam ,
Energy 1 GeV
Current 400 xA




PROTON LINAC

The proton linac comprises an ion Eneioy Jaeel
source, an RFQ linac, a drift-tube linac Average current 400 pA
and a coupled-cell linac. The present Repetition rate 50 Hz
design chooses the acceleration frequency Bl ciioit 90 A
higher than the conventional value, result- ;

; & . . ; Pulse width 400 us
ing in the smaller cavity size and lower
construction cost. (. Tonllenghh 00

lon source (50 keV)

RFQ linac (3 MeV)
Drift-tube linac (150 MeV)

Coupled-cell linac (1 GeV)
H™ beam
1 GeV
(411 m) 400uA
L High-power klystrons L High-power klystrons

and modulators (14) and modulators (36)
432 MHz, 1 MW 1296 MHz, 3 MW

System Layout of the 1-GeV Proton Linac

RFQ linac Drift-tube linac Coupled-cell linac

Sketch of the Accelerating Structures




PROTON LINAC

Modulator

Klystron

Sketch of the Upstream End of the Linac

In the R & D program pres.ently ’ ﬁ(l - = A
under way, stress has been laid on (
studying the technical feasibility of a j U b j U u
3-MeV RFQ linac which is 2.7 m ’ ) — _ beam

-

long for 432 MHz frequency, the g J f g g
fabrlcat}on technique of a drift-tube A L5 } ) }L?
linac with permanent magnets and
the new accelerating structures for APS-type Cavity Used for TRISTAN

the coupled-cell linac. Specifically,
the accelerating structure, which has
a high shunt impedance and a high
geometrical symmetry to maintain
high current, has been developed for
the coupled-cell linac.
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Accelerator Structure under Developement




COMPRESSOR /STRETCHER RING

The compressor/stretcher is a ring which shapes time structure of the beam in various
manners. Receiving a beam of 400 us in time length from the proton linac, the compressor
/stretcher ring delivers a 200 ns pulse of proton beams for the neutron scattering facility
and a short pulsed beam down to 20 ns for the meson science laboratory. A continuous
beam will also be available to meet the requirement of some experiments in the meson
laboratory.

From proton linac 20ms

B
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Stripping magnet (H"—H°) Charge stripping foil (H~H")
From proton linac

200ns 20ns

Stretch mode

Energy 1 GeV g
Average current 200 uA ES
Repetition rate 50 Hz DS
Pulse structure
(standard) 200 ns
(ultra-short) 20 ns
Continuous beam
Duty factor of D ¥
more than  70%
Emittance
30 zmm - mrad
Diameter 54 m

Fast extraction line

Slow extraction line

Plan of the Compressor/stretcher Ring




