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ABSTRACT

The Japanese Proton Synchrotron Project will be financed from thisg
fiscal year. The originsal plan was changed to a 8 GeV slow cycling
machine with a 500 MeV booster and a 20 MeV linac as the injection
scheme, In this paper we describe results from the design study for the
Injector linac; i.e, study on the ion source, development of the
electroplating tanks, snd experiments on the half-size model which was
also tested by electron beams. Electron besm as large as 100 LA, which
1s equivalent to about 180 mA of proton beam, can safely be accelerated,
The result 1s consistent with the previous study on the longitudinal
space charge effect,

Introduction

After a long discusslion for past ten years, the Japanese Government
authorlzed to build a proton synchrotron of about 8 GeV, The machine
will be installed in a new Natlonal Laboratory for High Energy Physics
at about 40 miles north-east of Tokyoe, Researchers in universities and
other institutions collaborate with the Laboratory and can use the
facilitles, A part of the construction money is financed from this
fiscal year and the bulldings for the accelerstor research including the
preinjector room are under construction,

The machine ls a slow=cycling separated function type proton
synchrotren with a 500 MeV fast-cycling booster and a 20 MeV linac as the
injection scheme, Table I and II show parameters and structures of the
main ring, Parameters of the booster are shown in Table III and those of
the linec in Table IV. PFor financial reasons and man power problems, the
machine will be operated at about 8 GeV and at a moderate intensity at

the first stage, The energy can be ralsed up to 12 GeV with an addition-

* Permanent address: College of General Educatlon, University of Osaka,
** Permanent address: Department of Physics, University of Tokyo.
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al fund for power statlons and the intensity to 1013 p/s by successive
improvements.

The design study of injJector linac started in 1966, At that time,
the energy of the machine consldered was 40 GeV and the injector linac
was 125 MeV.l Since a blg change was made in this plan, the ilnjector

linac has been considerably scaled down., However, the efforts at the

design study stage are still usefull.

Model Cavlity Study

After the last Conference, we continued helf-size model cavity
experiments on the first 10 MeV stage.2 The field and phase measurements
were carried out, In Fig. 1l and Fig. 2, steady and translent phase
shifts along the cavity are compared with the calculations based on the
normal-mode theory.3

Then, electron beams were injected and accelerated in this model
cavity. To pump out the cavity, it 1s put into a larger vacuum vessel
with an electron gun and measuring devices,

If the electron energles and other kinematical parameters are
decreased by a mass factor (me/mp = (1836)_1) compared to the design
values for protons, dynamical problems can be simulated by electrons as
in the actual protcn linec. For the model cavity 1s & half-size of the
actual one, the r.f. field and the gradient of the focusing fleld have to
be multiplied by the scaling factor 2 and 4, respectively, To get the
requlred quadrupole fleld for focusing, the wires are turned around the
drift-tubes as shown in Flg. 3. The M -metal sheets are attached around
the inner side of the vacuum vessel for shielding the terrestrial mag-
netic flield. The accelerated beam is collected by a Faraday cup, which
has an auxillary magnet to suppress seccndary electrons. HRetardation
potentlal is given between the Faraday cup and the cavity for messuring
electron energies. The block-dlagram of the electron model is shown in
Fig. 4.

The main purpose of thls experiment is to study space-charge effects
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since the effects ln proton linacs are realized at a current lowered by
a Tactor of the mass ratlo. An electron gun of a TV tube was used as
the electron source, which provices beam currents of 0.5 mA (max.} at
400 V with the dliameter of about 4 mm. Experiments were made by using
the first 12 or 24 cells of the model cavity., The deslign values of
proton energies corresponding to these cases are 1.6 MeV or 2.8 MeV,
respectively. Without a buncher about 20 % of the injected beam can be
accelerated at a lower current as expected from phase motlions, The
ratio gradually decreases by the space charge effect as the current
increases, The solid curve in Fig. 5 shows a typlcal result, in which
an electron beam as large as 100 JA can safely be accelerated: the
maximum value corresponds to 180 mA of the proton beam, The result can
be compared to the prevlious theoretical studies on the longitudinal
space charge effect. Nishikawa and Okumura,4 and Benton, Chasman and
Agritellis5 reported in 1967 their results of numerical calculations.
The calculation 1s transformed into the present case by dotted curves in
Fig. 5, where the beam radius is given as parameters. The agreement
btetween the theory and the present experiment 1s excellent, In Fig. 6,
the energy spectra of accelerated electron beams are shown for various
r.f., fleld levels. The experiments are going on, and a higher current
study including the use of a prebunching system, r.f. phase measurements
due to beam loading effect, and the emittance measurement of the acceler-

ated beam are belng undertaken,

Study on Accelerator Parts

The design study on the accelerator parts has also been proceeding
as follows:

1)} Ion Source and Preinjector

A model stand for the lon source is used to study duoplasmatron
characteristics, A cross section of the duoplasmatron under study ig
shown in Flg. 7, where the expansion cup with a two stage expander is

used, The photograph and the analysis of slit images in the emittance
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measurement are shown in Fig. 8 and Fig. 9, respectively. The normal-

8 maA {ecm r&d)_2 is obtained at a 70 mA of the

ized brightness of 7 X 10
proton beam, A prototype high gradient accelerating column for 750 KV
acceleration is now under construction,

2) Accelerator Tank

Flectroplating method was developed for fabricating accelerator
tanks. A uniform, smooth and thick copper layer was obtalned by using
a copper bath with an organic brightenlng agent, U.B.A.C. R-l* and
improving the plating techniques, The mechanical, electrical and vacuum
properties of accelerator tanks are much lmproved by the newly developed
methed, Measured @ values as large as 90 % of the values calculated by
using d.c, conductivity of copper are obtained, The surface roughness
is less than 0.3 M and almost independent of the roughness of the base
metal surface. The excessive deposition on edges and the lack of the
deposits in deep grooves are also eliminated, so that stem holes, r.f.
and vacuum ports, and flanges, and the other parts can be machined and
welded before plating., After copper plating, nc finsl machining or
finlshing is necessary. A unit of 94 e¢m in dameter and 2.5 m in length
was fabricated, Drift-tubes and other parts are made by the same method
wlth combining the electron beam welding technlgques., A photograph of
a prototype 1 m unilt is shown in Fig. 10,

3) Q-magnet System and RF Source

FPield measurements on the prototype focusing magnets have been made
and the field gradient as high as 10 kG/cm can be cbtalned, Fringing
fields and harmoniec contents are measured and analyzed by a harmonic
analyzer.6 These gquantities has also been measured at pulsed operatlions
by means of a peak-to-d.c. comparison method and a Fourler analysls of
the azlmuthal field distributions.

The FTH-516 tubes will be used for the RF source and were tested at
about a 2 MW power level. The block dlagram of RF system is shown in
Plg. 11 where a double power feeds at 1/4 and 3/4 of the total length
wlll be used for compensating rhase shifts due to the beam loading

* made by Ebara-Udylite Co.
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Tgble I MAIN RING PARAMETERS

Max, Kinetic Energy 12 GeV *
Type Separated Function
Radius of Curvature 2l.52 m
Mean Radius 52,35 m
Number of Betatron Oscillatilons 7.25

Max. Bending Fleld 20.0 kG

Max. Quadrupole Gradient 1.87 kG/cm
Gap and Useful Width of Magnet 5.6 X 10.0 om®

Space Charge Limited Intensity

Repetlition Rate

Injection Energy

Magnetic Fleld at Injection

Number of Injected Beam Pulses
* B GeV at the first stage

Table II STRUCTURE OF MAIN RING

Number of Superperiods
Total Namber of Cells
Number of Cell I
Number of Cell II
Number of Cell IIT
Structure of Cells

0.5 GeV
1.69 kG

9

28
20

2 X 1013 p/pulse
1 pulse/2 seconds

con 1 (3] IBTIQFIl B

)

B | %

i.uOQP

»:40% >, 407
Cell II } D) l B l L I l : . '
9.60 Py : »;40:« -).60m
Cell III |_—Q . '
1,400 1,547 "
< iy 11.75" >
Superperliod
‘ I I 1 I I II I1T
Long S, S.
Numter of Bending Mag. 88
Number of Quadrupole Mag, 56

Useful Length of Long. S. S. 6.28m, 4. 28"
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Table III

BOOSTER PARAMETERS

Max. Kinetic Energy
Type

Radius of Curvature
Mean Radlus

Number of Betatron Oscillations

Max, Mag. Field
Number of Cells
Structure of Cells

Gap and Useful Width of Magnet

Injection Kinetiec Energy

Magnetlic Fleld at Injection

Revolution Frequency
Harmonic Number
Repetition Hate

Space Charge Limlted Intensity

Table IV

0.5 GeV
Combined type
3,30 m
5.82 m
1.75
11,0 kG

8
1ODFFD:0
6.6 X 12,0 cm
20 MeV
1.97 kG
1,67 ~ 6.22 MH,,
1
20 cps
3 X 10%% p/pulse

2

LINAC PARAMETERS

Max. Kinetle Energy
Type

Total Length

Cavity Length
Number of Cells
Frequency

Peak Power
Injection Kinetic Energy
Peak Current

Beam Pulse Length
Repetition Rate
Mean Current
Preinjector

Ion Source

20 MevV
Single Tank D-T Linac
20 m
16 m
90
201,25 MH,
3 MW
0,75 MeV
100 mA
20 ms
20 cps
40 A
Cockecroft-walton Type
Modified Ducplasmatron
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PHASE SHIFT
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O Experimental
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2 3
LENGTH

Fig. 1. 5teady state phase shift along the cavity length. The cavity is fed at a

middie peint.
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Fig. 2. Trangient phase shift between the low-energy end and the high-energy end
of the cavity. The cavity is fed at the low-energy -end.
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QUTPUT BEAM CURRENT
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INJECTED BEAM CURRENT

Output beam current as a function of injection current. The electron cur-
rents are converted into proton currents by multiplying mass ratio. The
dotted lines are calculated under an assumption that the beam diameter is
constant along the linac. The total number of cells is 24.
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RF Field Level

=09 E,

=096 Eo

INTENSITY

T
ENERGY 6 MeV

Fig. 6. Measured energy spectra for various rf field levels. EO iz the design value
of rf field. The total number of cells is 12.
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Cross section of a duoplasmatron under study.

Fig, 7.
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T (mrad)

3]

(mm)

V =76 (kV)
I =70 (mA)
A =346 (cm-mrad)

« =B2A .04 (em-mrad)
B =7.24x10° (mA/cm-rad”)

Fig. 8. Emittance diagram of the duoplasmatron shown in Fig. 7.

Fig. 9. Images of the emittance measurement of the duoplasmatron.
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Fig. 10. Photograph of the prototype cavity fabricated by the electroplating method.
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DISCUSSION
J. P. Blewett (BNL): Is any polishing done either before or after electroplating ?

T. Nishikawa (Univ. of Tokyo): No. We use only the usual chemical treatments

before and after the plating process.
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