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J-PARC & Neutrino beam-line
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Fast extractlon beam

30GeV proton beam is extracted
to neutrino beam-line in the fast
extraction mode

Volume

to neutrino k '

target

Septum Magnet(3)
kick angle (total) 63.6mrad

Kicker Magnet Septum Magnet(1,2)
Proton beam(30GeV)  kick angle (total) 6.1mrad  kick angle (total) 8.7mrad

neutrino line

A
|

original figure by T.Shibata (J-PARC/MR) abort line



J-PARC Neutrino facility
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Beam monitor
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Beam power and importance
of the beam interlock

. Even one shot high intensity (>10'* Achieved Target
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. ~800 interlock sources

MPS (machine protection system)

Super-Cond. & Cryo.

- Stop or abort MR beam when
equipment status is “not ready”

Beam Monitor(SSEM)

2nd. beam-line
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- Failure of equipment Vacuum
N Beam plug AND (th AAZPRS)
- Detected abnormal condition DAG
(equipment, beam itself etc.) Online Monitor

Normal cond. magnet
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- Latency to stop/abort the
beam should be enough fast to
prevent any damage



Requirement on MPS latency

An example : SC magnet quench detection interlock
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Experience of mis- shots (1)

- Dec. 2012, one shot beam with
217kW (1.1x10'* ppp) was
extracted to NU although one of
vertical bending magnet (2bmrad
bend) was off

———
FVD2 |FQ4a [ | FVD1 F

- Beam directly hit the beam monitor
(ESM19) and its feed-through was
destroyed (then, vacuum break)

- Beam extraction was permitted
even though the bending magnet
was off < a loophole of the MPS




Improvement of the interlock

- magnet interlock system was improved
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Performance of the new interlock

. Latency of new interlock
was measured

. MPS should be issued
before the magnetic field
dropped to 95% of the
nominal (where the beam
could hit the magnet/duct)

.- New Interlock can abort
the beam (change the
kicker polarity) before the
95% drop
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Experience of mis-shots (2)

- Feb. 2016, there were several mis-shots due to FX septum failures (wrong
output current which could be caused by noise at the septum power supply)

- Only 60% of kick angle at the FX septum 3 — mis-steered beam was
extracted to NU beam-line
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Improvement of interlock for FX failure

- New interlock to detect wrong output current of the FX septum was
implemented after the Feb. 2016 mis-shots

- all the FX septum output current is checked just 5 msec before
the FX kicker fire (beam can go though the NU target (or baffle)
based on SAD calculation)

- In addition, FX kicker interlock (detecting any wrong timing mis-fire)
was also improved in order to avoid any mis-steered beam extraction

- Further improvement is under consideration
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Improvement plan toward 1.3MW

High intensity beam off-centered at the target can damage
the target

Further improvement of interlock is necessary to avoid such
case

Stress Analysis for off-center beam
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Development of beam position/profile
interlock module (PAPILLON board)

S.Yamasu (Okayama U)

< Present system > Attenuate signal from Calculate beam
VME SU SSEM position and profile
attenuator _=—=——
Signal from ™% =m GotoFADC
SSEM > I artgs ndbAQ
24strip ‘
<New system >
VME 9U

Signal from New module Attenuate signal from SSEM
SSEM - Er - + Convert the analog signal to
é W MPS - :

5 é the digital signal(FADC)

24strip ~+ Calculate beam position in

FPGA

2017/2/6 <10msec .
NPT — —— openlt
PAPILLON board : http://openit.kek. roject/beam_monitor_interlock/beam_monitor_interlock

Open source consortium of Instrumentation



Status of PAPILLON board R&D

Initial evaluation test

with beam was
performed (Feb. 2017)

Plan to do further
evaluation and stabillity
check with beam soon

Plan to finish R&D and
install before MR high
repetition operation

(from 2019)
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Summary

- There were several mis-shots during J-PARC
neutrino beam facility operation

- Beam interlock (MPS) was improved in order
to avoid any serious damage on the beam
equipment against such mis-shot experiences

- Further improvement of the beam interlock is
INn progress



