Ultra-Precise Beams of RCNP Cyclotron
- Practice and New Non-Linear Orbit Theory -
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Successful Achievement of Ultra-Precise Beams
But
Happenings of Deteriolation of Ultra-Precise Beams
Reveals Necessity of
New Non-Linear Orbit Theory

A thing left in cyclotrons
without being noticed by anvone so far
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Further Achivement of Hyper-Precise Beams
Beyond Ultra-Precise Beams
due to Development and Invention of a New Device
for Curing a Non-Linear Behavior
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Proposal of Upgrading Project: Part 1

Flat—topping of rf accelerating voltage Measurement of Resonant Frequencies in a Model

The 5th higher harmonics for flat topping: Dependeace on a shorting plate position

contaminated by a parasitic half—wave resonance

Control of a resonant frequency of a parasite: W b S W B mee
by installing a center slit for Dee electrode
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Frequency shift of a half—wave resonance with
a center slit:
10 % down as expected and
enough for avoidance of overlapping of resonances
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392 MeV Proton
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Remarkable Achievement

" High—Resolution Measurement of Magnetic Field
of AVF Cyclotron by NMR Probes
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Resolution of 1 mG:

very helpful for tuning of AVF cyclotron
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AVF cyclotron y _
Field change with temperature of cooling water of magnet coils Proposal of Upgrading Project: Part 2
Stabilization of the Magnetic Field
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| | 3 Measurement on Critical Damping
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Ring cyclotron
Remarkable achievements in July,1997
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Remarkable achievements in 1997

The waorlds nicest low background 0".measurement at EP =192 MeV

at GRAND RAIDEN
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The best performance;
attainable for a long term
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Structure of the Sector Magnet for the Ring Cyclatron

Ring cyclotron

Adjustment of temperature of cooling water of magnet coils
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Remarkable achievement in February,1997
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Relative field change:
less than 2x107 in a long term of 3 days



Ring cyclotron

Field change with temperature of cooling waterof magnet coils

1811.45 S L A G
1811.40
1811.36
1811.30

1811.25
1818. 75

1618.70
1618.65

182%:88

1821.85
1821.80
1821.75
1822.80
1822.80
1822.55
1822.50

1822.45 ""I'Plhllj.l.ililu .
O 10 =0 S0 E

HOURS

I,

HEJLHL|

!

1Ll

III‘||||J|JIIJ|JLI;tlI!IJ|IIIJ|JJIJ[

LTH|HIJIH

A1l

gyl temperature change of cooling water

Fast response
dua Lo
: & shacial sthactunal faaficne of maqmels



1.1 Unique experimental fact of a long time-constant

H.N. Jungwirth of NAC, South Africa
"Field Setting for a Cyelotron Sector Magnet”
Proc. of MT9, 1985, Zurich, pp.138-141.
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different fleld levels Bl in b pole gap af a

sector magnet.

Reproducibilicy

S3ix stendard excictations canging from 0.13 T te
1:23 T have been sat many cimes, bath by hend and under
computat centrol, using thass proceduras durlng cthe flald
mensutemants for tha sector mapnets. Tha mapping
tquipment made usa of twe Hall=-probar as (1ald sensors
“icth @ twsolution of 30 uT. The field var alac monitored
wich FHMB=probes to victhim 2 uT at one or tvWe positions in
tha pole gap, womecimes wp to 12 houre afcer the fleld
has become steble acgording to che setting proceadure. Mo
fiald drifc was obsarved amcapt for varisclons wvithin the
scabilicy limict of the powar supplies snd st maxiou
excicacion, where & vemanapnt magieticatlon deflclency
cannet be completaly svelded.

Whan making use of computer comtrolled Ffleld satcimg
a fleld gaproductibllicy of 9.1 nl Wweam mespured ac maximue
evcication, improving gradually to about 30 pT at lowvar
fiald lavels. TDaviatione by up ta & fagcor of twe laprgel
ware encouyntered when different operaforTs wars setting
tha pavar Iupplie_l menually, Tbhecaups pf ipgresses
variationa {n ths time ostructurse of the progedurg
including somevhat d1iffavantly ramped currenca- Mot ol
the" daviatisns for computer centrslled wmaccing have bael
ebearved afrer [lalds wich high trim-ceil smciestion, bu
thans phould now be erased Jduoring tha modified Fita
staga of che procedurs. Wheti the oegnets were [ull
axcicad for che [itef time after they had mnot basn O
opecation for a few daya or longer, che maximum flald wa
up to 0.3 mT lowar chan during concinuous operation
probably .dua to temperatura offaczte.



I. Overview of AVF-Ring Cyclotron Cascade

RING CYCLOTRON LABORATORY R I

1971 RCNP established.
Construction of the AVF cyclotron started.

1975 The 1st beam extracted from the AVF cyclotron.

1987 Construction of the Ring Cyclotron started.

1991 The lst beam extracted from the Ring Cyclotron.

1997 Remarkable achievement of highly—stable
long—term operation of the Ring Cyclotron
without any tuning of all cyclotron parameters.

The measurement of a high resolution (p,p) spectrum
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