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Abstract

We have established an advanced and sophisticated uses of a current transformer and a multi-wire profile monitor for accurate measuring as well as online
monitoring of the waste beam so as to know the stripper foil degradation during user operation of the J-PARC 3-GeV RCS. The sensitivity of both monitors
are good enough for measuring a change of the foil thickness of 1% or even less. Foil degradation such as, foil thinning and pinhole formation are believed
to be the signs of a foil breaking. A sudden foil breaking is not only decreases accelerator availability but also raises maintenance issues. A proper monitoring
system of the foil degradation Is thus important in order to avoid any such issues by replacing the foil with a new one In the scheduled maintenance day. A
foll was used for a continuous last 7 months operation with an extracted beam power of 300 kW (18 kW Injected beam). The Integrated irradiated particles
(only injected H-) were 8 X 104! but there was no foil degradation so far. Surprisingly, an increase of the foil thickness of around 10% was observed.
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Layout of the 3-GeV RCS:

3-foid symmetric lattice

Einj = 400 MeV (181 MeV at present)

Eext= 3 GeV,

Repetition: 25 Hz

Beam power (design): 1 MW (8.33 X103 ppp)

Beam power for user operation at the latest
was 300 R W and feasibility of more than 500

QA/ has also been demonstrated recently.

Introduction

In order to increase circulating beam intensity, multi-turn H-

charge exchange injection iIs performed. Nearly 99.7% of the

H- beam is stripped to proton beam by using an HBC (Hybrid
type Boron doped Carbon) Stripper foil placed in the middle of
chicane bump magnets.

Remaining 0.3% Is called waste beam and mainly it Is partially

stripped H°, where un-stripped H- is ideally negligible.
The H° and un-stripped H- (if any) are stripped to H* and
transported to the injection beam dump.

By using cross section given by
R.C. Weber el. al.

Foil related parameter list _
~IEEE. Nucl. Sci. NS-26(1979)

NIM A 590 (2008)

IVSTM1

By using scaling cross section
given by W.Chou et. al.
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Energy (MeV) 400 | 181 ‘ W In
.. =181 MeV

Foil thickness = 0. ! o 0.8 \ /EmJ =400 MeV -

2 330 | 200 | § §
(1g/cm?) 70, 0.6 —
Strippin 0 / 0 0 4 W For stripping |

PPINg ) 99.7|99.7 | 5" /\/\ For stripping TR /\/ \ efficiency 99.7%
efficiency (%) 0.2 efficiency 99.7% 1 0.2 |
Waste beam 03 | 03 V Q i ‘ V \ 1 |
fraction (%) ' ' 0 100 200 300 400 0 100 200 300 400
Inj. beam power ug/cn’ ug/ cm’
(kjW) P 133 | 36 Thicker foil: = stripping efficiency increased.
But foil scattering beam loss also increases.

l‘;‘ﬁi‘i ?:‘Z/T 0.4 | 0.11 (Avg. foil hit by circulating beam is 20!)

e Thinner foil: = waste beam increased.
Dump limit (kW) |4 | 4 Needs larger capacity dump
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Layout of the RCS injection area. HOCT and MWPMY7 placed near the
dump are used for measuring as well monitoring the waste beam

110 mm

A typical dimension the primary stripper
foil used mainly for the beam studies as
well as measuring stripping efficiencies
for different thicknesses.

Injected beam

16 mm(4c)

40 mm

Stripper foil lifetime is one big concern in RCS for 1 MW operation.

Foil peak temperature at 1 MW operation is estimated to be more than
1100K (at present for 300 kW: ~600K)

A complete breaking is not always a lifetime as foil degradation such
as foil thinning and pinhole formation would increase the waste beam
so as the heat load on the dump.

A little degradation is even crucial as dump capacity is only 4 kWV.

A proper monitoring system of the waste beam 1s very important.
[t can also provide useful information for understanding the foil
breaking mechanism.
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power spectrum corresponding to the
frequency of the intermediate pulses.

Waste beam fraction = HOCT signal in mode (a) or (b) / (c)

(by removing 3™ foil in mode (a) or (b), H? fraction only is also measured)

Measurement principle and Validity

Online trend of the foil thickness
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MWPM?7

Measure H? and H- waste beam simultaneously.
No overlap (profile center separated by 70 mm)
Analysis is done based on integrated yield for
each corresponding profile

H* fraction=1 - (H’ +H")
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H? fraction = H yield in mode (a) or (b) / total yield (c)
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In addition to the HOCT data taken online, waste beam was
in detail measured almost every maintenance day

Clear reduction of the H® yield obtained by both HOCT and MWPM?7
Foil thickness increased by 10%! 191 ug/cm? =2 210 ug/cm?

e Carbon build-up mlght be one big Yeason (foil temperature:~600K at present)
@ Foil deformation and foil shrinkage are also involved
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4 Summary

An accurate measurement of even a small fraction of the waste beam has been successfully done. Online monitoring of the waste beam
and recognizing any change of the foil thickness during RCS operation has also been demonstrated. An HBC foil used for a continuous 7
months operation did not show any foil degradation but a linear increase of the thickness as much as 10% from it’s initial value has been
\_ measured. More repeated and further longer time range experimental data might be necessary for detail explaining the present data.
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