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MUSE: current status
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typical time-profile of the primary proton beam
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D-Line

The first and versatile muon beamline at J-PARC MLF



D-line

The secondary beamline for transporting decay and surface muons to D1 and D2 areas

3 GeV Proton beam .,

Superconducting
Transport
2 Solenoid
_ Magnet

o
to Neutron

MIC Solenoid Magnet

8
° Source
7 7 i Muon target

Superconducting
Curved Transport ||
Solenoid Magnet ||

Superconducting £~
Axial Focusing &>

Magnet

N
A
A Yo
&
p 5

[l Superconducting
= Decay Solenoid
= Magnet

&

7— Instrument specifications (as of 2022)

B Beam line
B D-line was constructed at 2008.
B Magnetic kicker system (2013)
B Warm bore long solenoid magnet (2015)
B High power magnet for beam transport (Ongoing)
B Beam
B Surface and decay muons are available.
B Positive and negative muons are available.
B Variable momentum beam from 3 to 120 MeV/c
B Single pulse beam
B Experimental areas
B D1: uSR (Spectrometer)
B D2: General purpose (Open geometry)




D1 Instrument (Muon Spectrometer for Mater. Life Sci. Expt. )

Muon spin rotation/relaxation (LSR) spectrometer for the research on electronic property of materials
and/or electronic state of hydrogen introduced to the material.

~— Instrument specifications (as of 2022) ~

B SR spectrometer with an energy-variable p*/p
muon beam

B Typical u* flux: 1k /pulse/cm? @27 MeV/c
(Single pulse, $15mm collimator, 700kW)

B Typical p flux : 100 /pulse/cm? @35 MeV/c
(Single pulse, d40mm collimator, 700kW)

B A wide variety of sample environments
including low temperature (down to 80 mK).
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Top-loading type “dry” dilution refrigerator at D1 (Higemoto)

Sample Holders

Piezo Rotator

Thermometer
(RuO2)

Ag sample holder
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D-line

The secondary beamline for transporting decay and surface muons to D1 and D2 areas

3 GeV Proton beam .,

Superconducting
Transport
2 Solenoid
_ Magnet

o
to Neutron

MIC Solenoid Magnet

8
° Source
7 7 i Muon target

Superconducting
Curved Transport ||
Solenoid Magnet ||

Superconducting £~
Axial Focusing &>

Magnet

N
A
A Yo
&
p 5

[l Superconducting
= Decay Solenoid
= Magnet

&

7— Instrument specifications (as of 2022)

B Beam line
B D-line was constructed at 2008.
B Magnetic kicker system (2013)
B Warm bore long solenoid magnet (2015)
B High power magnet for beam transport (Ongoing)
B Beam
B Surface and decay muons are available.
B Positive and negative muons are available.
B Variable momentum beam from 3 to 120 MeV/c
B Single pulse beam
B Experimental areas
B D1: uSR (Spectrometer)
B D2: General purpose (Open geometry)




S-Line



S-line

The secondary beamline for transporting surface muons to S1 through S4 area
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~— Instrument specifications (as of 2022)

B Typical beam spot size at S1: $20-25 mm

B Data taking rate: 90 Mevents/hour (single
pulsed beam)

B Double pulsed beam either to S1 or S2 is
available by using the switchyard magnet.

B Single pulsed beam is available to both S1 and
S2 simultaneously, by using the kicker device.

.

The kicker device is the key component for stable and
simultaneous operation both at S1 and S2 areas.

S1: Three staff members and two temporary staff members support the execution
of the inter-university research programs. The beamline equipment such as
magnets and power supplies are maintained by one technical staff member.

S2: Twelve members of the research group led by Prof. Uetake of Okayama Univ.

are participating in the commissioning of the beamline as instrument group
members.



S-Line Electric Kic%keﬂ System No.1

S-Septum1

when serving a positive muon to the S1 area.
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Before 2021B

Kicker
Chamber

After 2021B

Inside of the concrete shield

Coax. Cable Delay

Inside of the concrete shield

Coax. Cable Delay

Exp. Hall

Kicker
Control
Unit

Easy replacement:

Can be replaced by two
subcontracting staff in
about two hours of work.

Kicker

Control
Unit
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S-Line Electric Kicker System No.1
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S-line Kicker trouble (T. Yuasa and A. Koda)

* Most kicker power supply failures are currently caused by MARX board
breaking.

* At the repairing work in Oct. 2022, a study was conducted on how to perform
preventive diagnosis of the MARX board.

* The leakage current when 650 VDC was applied was measured, and while
most boards had a leakage current of around 20 uA, one board was found to
have a leakage current of 140 uA and was replaced.

e By establishing a preventive diagnosis method, we expected to be able to
perform preventive replacement work on maintenance days and achieve
stable operation during beamtime...(sigh)

* HOWEVER, the results, as shown below, indicate that preventive diagnosis is
far from being effective.

We are considering to
replace the MARX boards
with new SiC FETs.

Number of Failure Events

20

Simultaneous operation of
S1 and S2 areas starts.

0
2017B 2018A 2018B 2019A 2019B 2020A 2020B 2021A 2021B 2022A 2022B 2023A

MARX(S1) = MARX(S2) (as of Jun. 2023)



Heliox ACV: >He cryostat (Nakamura)

* Dry-type 3He cryostat using
a pulse tube refrigerator.

* |t takes about 2 days to cool
down from RT.

* The sample changing is
performed at RT by opening
the vacuum cans.

* Silver sample holders are
used which are common
with DR at D1.

e 3 proposals using Heliox ACV
are approved in the 2023A
term, which is 18% of the
entire proposals at S1.
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D1/S1 Instrument (USR)

Inter-operability between D1 and S1

___

Microstat (T>4K)

Vertical cryostat (T>3K) OKI OK! No
Closed Cycle Fridge NA OK

(T>1.5K); w/ HT option

(T<800K)

3He cryostat (T>0.3K) NA OK

Dilution Fridge OK NA

(T>0.08K)

Infrared Furnace OK! OKI No
(T<1000K) ' '

Micro Transverse-field OK OK Yes

Coils (LTC; TF<40mT)
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High Field Spectrometer:
CYCLOPS
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CYCLOPS (5T superconducting pSR
spectrometer): The commissioning work has
begun upon comparing the behavior of the
detector under magnetic fields with

simulations.
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Development of new
technique: transient uSR
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Development of transient #SR method for high-flux pulsed muons  iptes”
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ARTICLE INFO ABSTRACT

Keywords: In order to expand the applicability of muon spin rotation, relaxation, and resonance (uSR) experiments with

Muon spin rotation pulsed muons and to make effective use of the high-flux beam, we have developed a new experimental method

Relaxation “transient uSR”. In this method, xSR data for each muon pulse are tagged with external parameters such

f‘nfj resonance as temperature and magnetic field in real time, allowing the sample environment to be changed without
jr]:lzzr{: interrupting data collection. As a result, continuous ySR measurements under sample conditions that vary on

a time scale longer than the beam pulse interval (40 ms) are realized, and efficient beam utilization is achieved
by eliminating the lag time associated with moving between discrete measurement points. The transient uSR
method was applied to the study of the magnetic properties of cupric oxide (CuO) and the observation of
level-crossing resonance relaxation in copper, and the method was successfully established by confirming that
the results reproduce those in the previous reports.

https://doi.org/10.1016/j.nima.2023.168669
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Temperature (K)
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Cu-LCR test measurement at IMW test operation
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Muon decay events were accumulated for 2 Sec. at each point.

400 points were measured with increasing or decreasing field, roughly taking 14 min.



Cu-LCR at T=50K
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Summary

e At both D-line and S-line in J-PARC MLF, surface muon beam is available.

* In particular, positive and negative muon experiments, or surface and
decay muon experiments are sharing the beamtime at D-line, because
D-line can provide versatile muon beam.

* Besides, S-line is mainly designed to serve positive surface muon beam.
At this stage, S1 and S2 areas are operating. In future, it is planned to
construct further two experimental areas, S3 and S4, sharing the single
pulsed beam.

 However, the key beamline equipment, the electric kicker, fails
frequently.

 The sample environments are commonly shared with the multiple
experimental areas. In order to operate smoothly, duality is necessary.
This is also important from the viewpoints of both development and
improvement.

* New techniques such like the high-field spectrometer and the transient
SR have been intensively developed.
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