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@ J-PARC Radio Frequency (RF) negative hydrogen ion source
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(2Extension of ion source continuous operation duration

* To reduce beam instability by exchanging the ion source, continuous operation duration is being prolonged.

* The immediate goal is to cover the full |-PARC user operation duration each year with a single RF ion source.
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@Soundness evaluation of RF ion source after long-run

* Soundness evaluation is made for key components for further extension on the operation duration.

* Cs consumption in 5 month operation was estimated / visibly confirmed.

Cs consumption in 5 months
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@Soundness evaluation of RF ion source after long-run

* Extraction Electrode used for 2 years on the beam line was confirmed.

* Although slight damage was seen in the electrode, no difference in the aperture shape was confirmed.
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(2Extension of ion source continuous operation duration

The RF antenna coil is a copper pipe with enamel coating for insulation.

Condition of the antenna coil surface after 5 month operation was investigated.
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RF antenna dimension measurement after 5 month operation
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From the visible confirmation, discoloration areas were seen on
the antenna surface after 5 month operation.

From the dimension measurement, no decrease in the antenna
coil diameter was confirmed.

Fortunately, no crack or pinhole was confirmed on the antenna
surface.



@SEM/EDS measurements for discoloration fragment of RF antenna

Discoloration
fragment

Non-discoloration
fragment

EDS System

Quantax70 (Bruker)

Tabletop Microscope TM3000 (Hitachi)

L T ERa . TM3000
#86_H 8 * Accelerating Voltage: 15 kV
MAG: 30x HV: 15kV_WD: 8. 3mm Quantax70
SEM photograph of discoloration fragment (left) * Accumulation time :
and non-discoloration fragment (right) 100 s (for non-discoloration fragment)

200 s (for discoloration fragment)



@SEM/EDS measurements for discoloration fragment of RF antenna

Discoloration Non-discoloration M

aterial mapping of discoloration and non-discoloration fragments

The main material observed from the non-discoloration fragment was O, Na, Al, Si, K, Ti, Zr, which are
composition of enamel foundation.

From the discoloration fragment, Fe and Cs are observed in addition to the enamel foundation.
—> Cause of the discoloration on the antenna is external deposition.
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(B Characteristic X-ray spectrum and semi-quantitative analyses

* Characteristic X-ray spectrums are obtained from the EDS measurements for the RF antenna

coils used in 5 month (RUN#86) and 3.5 month (RUN#84) operations.
* Line spectrums of Cs, Fe, Cr and Ni are detected only on the discoloration fragments.
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(B Characteristic X-ray spectrum and semi-quantitative analyses

Semi-quantitative amounts of materials on the
discoloration fragments from RUN#86 and RUN#84

- RUN#86 RUN#84 Focusing on Fe, Ni and Cr
norm. wt.% norm. wt.% (depositions except Cs) on the

Oxygen 40.65 41.36 discoloration fragments, mass ratio

Silicon 20.10 14.99 of these 3 materials was Fe:71%,

9.82 11.94 Cr:12- 16 %, Ni: 10 - 16%.

7.65 5.64

Sodium 6.38 4.59 This ratio matches well with that of

5.76 4.06 stainless metal composition which

3.56 9.63 is used as the ion source chamber

m 1.88 1.31 components.

lron | 1.78 3.82

Zirconium .48 0.92 Difference of few months in the

0.38 I.11 continuous operation duration does

Nickel 0.34 0.47 not lead to significant difference of

'Magnesium_ 0.22 0.17 the antenna surface condition.

ALL 100.00 100.00




® Discussion : possible source of discoloration
: @ Initial injection

of heavy ions

| @2 ‘semi-’ prompt
iy e redeposition Q

Filter field

Q@ 3 Enhancement

8 Discoloration of
the stainless steel
surface

Fe2* orbits in the magnetic field configuration

Excessive coverage of the antenna by stainless
steel may cause extra heat load.

Discoloration of the RFM cases was observed.
-> Main source of the deposition?

Injection of heavy ions such as Cs+ leads to
‘semi-’ prompt redepositions of the stainless
materials and to the RFM sputtering.




Continuous operation duration of 4,001 hours (5.5 months) was achieved by ]-PARC RF ion
source in the user operation 10t Jan.— 8t Jul. 2022.

For further extension of the operation time, soundness evaluation of the RF antenna coil after the
long-run was performed.

Discoloration areas were confirmed on the enamel coating after the long-run. From the SEM/EDS
measurements, it has been shown that the discoloration of the antenna is due to depositions of
(1) injected cesium and (2) sputtered stainless steel from the ion source components.

The results show the enamel coating was not deteriorated by the 5 month continuous operation.
It is also noticeable that the surface condition does not change largely by difference of operation
duration for few months.

However, the excessive deposition may result in extra heat load via eddy current on the antenna
surface. Measures to the plasma sputtering of the RFM cases (for example, coating of RFM cases
with plasma sputtering resistant materials) can be one of the method to extend the ion source
lifetime.
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