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* The replacement of DTL Tank 4
« AMEBT for the pre-injector
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Today'’s talk

* The replacement of DTL Tank 4
* To ensure continued reliable operation of the Linac

« AMEBT for the pre-injector
* To increase the performance of the Linac

 The Front End Test Stand
* Not for this Linac but the Linac that is to come after it



Replacement of Tank 4

ISIS reused many buildings and some accelerator components from NIMROD, a
7 GeV weak focussing synchrotron at RAL from 1964 to 1978.
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Replacement of Tank 4

ISIS reused many buildings and some accelerator components from NIMROD, a
7 GeV weak focussing synchrotron at RAL from 1964 to 1978.
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The 70 MeV linac was originally intended as an upgrade for the 15 MeV injector
on NIMROD.

It would recycle two DTL tanks from the 50 MeV Proton Linear Accelerator (PLA)
which operated at RAL from 1959 to 1969.

Before the new injector could be finished NIMROD was shut down.

The 70 MeV linac became the injector for ISIS using parts recycled from
NIMROD which used parts recycled from the PLA.

PLA and NIMROD operated at 1 Hz. ISIS operates at 50 Hz.
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The DTL tanks which ISIS inherited from PLA via NIMROD have a completely
different construction to modern tanks.
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The DTL tanks which ISIS inherited from PLA via NIMROD have a completely
different constructlon to modern tanks

Because of the way these old tanks are made every part of them is accessible
and therefore repairable.

This is why they are still operating at 50 times the original rep. rate over 60 years
later.
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Tank 4 is one of the ‘new’ tanks made in the late 1970s.

It is made in a much more recognisably modern way.

11« Steel tank with explosion
bonded copper lining.

A - Drift tubes hang by a single
,  stem from above.

* 6 sections bolted together and
internally welded.

Essentially a copy of the Fermilab
- DTL.

, The internal welds cracked and
= leaked from the beginning.
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The solution was to fit vacuum patches over all the leaking cracks.
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The patches allowed the tank to be commissioned but the vacuum has slowly
deteriorated over the years.
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The patches allowed the tank to be commissioned but the vacuum has slowly
deteriorated over the years.

Tank 4 was essentially
unrepairable.

Science and
- Technology
4 Facilities Council



The patches allowed the tank to be commissioned but the vacuum has slowly
deteriorated over the years. — —

Tank 4 was essentially
unrepairable.

Mainly because we could no
longer do this.
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The new Tank 4 would be a direct plug in replacement for the old one with
identical beam dynamics.
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The new Tank 4 would be a direct plug in replacement for the old one with
identical beam dynamics.
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The new Tank 4 would be a direct plug in replacement for the old one with
iIdentical beam dynamics.
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The new Tank 4 would be a direct plug in replacement for the old one with
iIdentical beam dynamics.
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The new Tank 4 would be a direct plug in replacement for the old one with
identical beam dynamics.

Surface: Tatal displaceman t [pumi o

180
160
140
120

1aa

F {80

&0

a0

20

Science and
- Technology
4 Facilities Council



One design goal was to have a new tank which wouldn’t leave a future

generation of operators with the same predlcament we faced
== == B OLE
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Sections of tank are bolted together with HELICOFLEX™ seals for vacuum and RF.
Could be dismantled in future if necessary.
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New Tank 4 would have removable hatches along its length.

Science and
- Technology
4 Facilities Council



New Tank 4 would have removable hatches along its length.

/ ’&L

g

-

Science and
- Technology
4 Facilities Council




New Tank 4 would have removable hatches along its length.
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Linac Test Area built to assemble and test the new tank.
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A single section Test Tank to check modelling and manufacturing techniques.
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A single section Test Tank to check modelling and manufacturing techniques.

Test Tank RF conditioned and operated at full power for an extended period.
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The original tank design is very conservative by today’s standards.
Good results with the test tank encouraged us to be bolder.
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The original tank design is very conservative by today’s standards.
Good results with the test tank encouraged us to be bolder.

15% increase in TTF - 25% decrease in RF power
Surface field: 1 xE, > 1.6 X E,
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For the 12 m tank all dimensionally critical features were machined in a single
operation with all 6 sections assembled.
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For the 12 m tank all dimensionally critical features were machined in a single
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For the 12 m tank all dimensionally critical features were machined in a single

operation with all 6 sections assembled.
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Tank assembled in the LTA.
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Tank assembled in the LTA.
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Tank assembled in the LTA.
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Tank assembled in the LTA.

After alignment, vacuum testing, tuning and field stabilisation
e RF conditioned to 110% field level
e Soak tested in simulated user run conditions

 QOperated continuously for 6 weeks

 Shutdown for inspection & maintenance

e QOperated continuously for another 6 weeks

All testing completed in time to commit to installation in a long
shutdown 2021/22.
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Removal of the old tank was not trivial.

Science and
- Technology
4 Facilities Council



Removal of the old tank was not trivial.

Science and
Technology
Facilities Council




Removal of the old tank was not trivial.
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By comparison, installation of the new tank was relatively straight forward.
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By comparison, installation of the new tank was relatively straight forward.
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 After installation the bead pull was repeated to confirm the
alignment.

* With all services connected and the shielding reinstated the tank
was reconditioned.

« Beam commissioning by the A-t method took one day in April 2022.

 An initial miscalibration resulted in too high field level and some
window failures.

* The problem was identified and resolved and the A-t measurements
repeated.



New Tank 4 has been operational on ISIS since April and so far has
performed well.

The project was very successful and a great deal was learnt.

The goals were met and in time for the scheduled long shutdown.



Pre-injector MEBT Upgrade

When the RFQ was installed on ISIS in 2004 the available space was hlghly
constrained. W |
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Pre-injector MEBT Upgrade

When the RFQ was installed on ISIS in 2004 the available space was highly
constrained. . ,

It was always anticipated e would eentullyinstl a MEBT.

After a decade of almost faultless operation we decided it was perhaps time to
take that risk.
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Even with extra space available to design of the MEBT is very constrained.
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Even with extra space available to design of the MEBT is very constrained.

Toroid in RFQ Quadrupole Re-bunching Beam Position Toroid in DTL

end flange Line Valve Magnet Chopper QWR cavity Monitor end flange
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Even with extra space available to design of the MEBT is very constrained.

Toroid in RFQ Quadrupole Re-bunching Beam Position Toroid in DTL

end flange LineValve  Magnet  Chopper QWR cavity Monitor -anmee  * 8 quadrupoles

N | | * 4 bunching cavities
 Beam chopper

* 4 BPMs

i All In less than 2 m

| |
- Sca]e 100 mm

u.lu.n ul.u
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Raft 1 Raft2 Raft3
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Even with extra space available to design of the MEBT is very constrained.

Toroid in RFQ Quadrupole Re-bunching Beam Position Toroid in DTL

end flange LineValve  Magnet  Chopper QWR cavity Monitor -anmee  * 8 quadrupoles

N - » 4 bunching cavities
 Beam chopper

* 4 BPMs

All In less than 2 m

RS Quite challenging
- Sca]e 100 mm

u.lu.n ul.u

' 'S 'S
Raft 1 Raft2 Raft3

The MEBT should achieve close to 100% transmission in Tank 1.
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The improved performance of the pre-injector with the MEBT installed will reduce
the demands on the ion source.

A new un-caesiated RF volume source is being developed in parallel with the
MEBT.
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Most of the components are complete or in the final stages of manufacture.
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A test stand based around the spare RFQ is being built to allow commissioning
and long term testing of the complete pre-injector.

e
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A test stand based around the spare RFQ is being built to allow commissioning
and long term testing of the complete pre-injector.

e

First beam in anticipted in 203 with installation posiblyin 202
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A test stand based around the spare RFQ is being built to allow commissioning
and long term testing of the complete pre-injector.
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First ion source beam as achieved this month.

For more details see Scott Lawrie’s poster
UPJ021.
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First beam in anticipated in 2023 with installation posibly In 204
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Front End Test Stand (FETS)

The history of FETS is long, involved and at times ugly.

The project is now being completed in the context of ISIS I, the next UK neutron
source.
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All components of FETS have been manufactured and tested except the beam
chopper which awaits testing.

Phase 1 operation will be of the RFQ directly into the beam dump.

Primarily for radiation checks and to understand operation of the RFQ.

Phase 2 will include the whole of the MEBT.

Science and
- Technology
4 Facilities Council



The RFQ is of all bolted design with only two small vacuum brazing operations.

Sections made of 2 major and 2 minor vanes
Vanes bolted together to

make 1 m sections
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Each section was inspected, assembled and aligned on a CMM.
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Each section was inspected, assembled and aligned on a CMM.

CE Flatnesa of Both Internal Mating Faces
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Each section was inspected, assembled and aligned on a CMM.
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Each section was inspected, assembled and aligned on a CMM.
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RF and vacuum tests completed on each section.
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RF and vacuum tests completed on each section.
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RF and vacuum tests completed on each section.
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Beadpull performed to set 62 adjustable tuners.
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RF conditioned at 50 pps and 5% duty factor.
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RF conditioned at 50 pps and 5% duty factor.

(@D 2.00mv % @B 5.00mV &
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First beam accelerated in RFQ this year.
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First beam accelerated in RFQ this year.

* lon source emittance too high
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First beam accelerated in RFQ this year.

* lon source emittance too high
*One LEBT solenoid not functioning

Science and
- Technology
4 Facilities Council



First beam accelerated in RFQ this year.

* lon source emittance too high
*One LEBT solenoid not functioning

28 mA achieved at RFQ exit
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Summary

There is an active programme of linac R&D taking place at
ISIS.

These projects will enable continued reliable operation of the
facility with increased performance over the coming years
and prepare the way for development of the next generation
of neutron source in the UK.
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