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Particle / Nuclear physics and Materials Science (my view)

Peak science 2
Particle/Nuclear physics
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People Trajectories

= Kenji Kojima = Makoto Fujiwara = Shoji Asai = Toshiyuki Azuma
= 1968 born in Niigata ’
- 1991 Nagamine gr. = 1991 Torikai gr. = 1990 Orito gr.
| UTMSL/KEK muon KEK muon user KEK muon user
expt. = 1992 UBC Gren Marshall gr.
* 19961 Columbia U. = UCF at TRIUMF = ATLAS at CERN
" 19981 U. Tokyo S
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= 2009+ KEK, IMSS
= built ySR spectrometers
= 2018+ TRIUMF
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MSR Beamlines: M9H (completed and operational 2026/1~)

KEK magnets
~.B3 and final Q’s

"’

« Backward p*/u~ beamline
« Longitudinal and transverse
spin polarization
|+ CFI funded (Sonier, SFU) |
» Qperational in fall 2025

Compact slits /w
beam profile detector

\ Project Engineer
l‘\f Khosravi

T2-M9 front
end repaired in
2020

5T recondensing RT-
bore solenoid, operates
in persistent mode with
a robust 10hr hold time
during total power loss
or interruption




1. The first negative muonic X-ray measurement

= Rurie Mizuno + Kris Starosta gr. (SFU) and TRIUMF Nucl. Phys. gr.
= 2025/4~2026/2 (JSPS oversea fellow at TRIUMF)

= 2026/3~ (Riken postdoc at Nishina Centre)

Octo-Pi (HPGe

Gamma-ray )

"
=== =with Ocjo-Pi

e =7
 Identical frame

P 4 Organic
4 glass sci.
| for neutron

energy

Plastic sci. for neutron TOF

(Gren Marshall’s SiPM used)



Muon nuclear capture reaction
Dynamics of a highly excited state populated by a muonic atom
Targets: Al, Si, Ca, Ni, Zn, Zr, Pd

Idea of Rurie’s experiment

Study using muonic atoms is limited to stable nuclei
: available as target

Two fission modes for >Uranium (Actinides)

If unstable muonic
/ atoms can be formed
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2WP7E9R @RAL, 2017511 @ML F,(OTBtS"J @MLF)
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Prompt fission Delayed fission

- Bubble nuclei
through charge
distribution

Proton number (2)
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(muon-catalyzed fission)
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Fission after excitation by
the energy of transition X-ray (~ 6 MeV)
Time scale : ~ ps

(muon capture fission)
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- search for new

highly-excited levels
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Fission after excitation by -
Muon nuclear capture reaction (20 MeV in average)
Time scale : ~70 ns

SRAN
N

Negative muon stays with the
fission product: muonic X-ray
analysis of n-rich rare isotopes

238) + Jiqy. Sci.

Initial target material is 2°°U



Muon was already too bright with liq. scintillator !

Commissioning of M9H

01/28~29 2026

(Positive muon)

60, 90 MeV/c,

max. 80k py+/sec
(one Q magnet is off)

01/29~02/02 2026
(Negative muon)
60 MeV/c + X-ray
10~50k u-/sec
10~15% e- contamination.

02/02 2026 (Mon)~
long shutdown 2026

Lig. Sci. pulse height (a.u.)
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Muon irradiation
& decay electron?

WaveForm: ievent= 3111298, ch = 0, t = 70.5499 sec
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We were expecting that
Uranium fission gives much
brighter signal than single
muon / electron event

- No, muon signal
dominates lig. scintillator.
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Muonic X-ray spectrum of Uranium

UTe2 Superconductor: uSR sample degraded. &
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U+ lig. scintillator Courtesy from Dunsiger et al.
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First Uranium (and Tellurium) muonic X-ray signals from M9H were observed !



Negative muon experiments in the future KEK/J-PARC pulsed beam is

Nuclear physics experiments ArCheOlOgy/ |ndigenOUS StUdy in Canada ~10 years ahead of TRIUMF in H-

Rurie’s Muonic X-ray analysis of elements in the depth

muon-induced fission detection =2 NSERC Discovery Horizons application with

> Fission chamber + Si detector Museum of Anthropology, UBC (deadlined
being developed at RIKEN. Oct. 19, 2026).

TRIUMF’s DC beam is deadtime efficient

Collaboration framework:
K. Shimomura’s (KEK) leading
New Horizons in Negative Muon Science group grant (S #fiiZ %)

New Horizons in
(‘} Negative Muon Science:

Japanese
SRS | e e onefeonesesisnenes— vttps:/fmu-horizons.kek.j p/eF

HOME Message About News Projects Open Call Achievements Reports Publications

Other experiments being consulted:

e.g. Moonshot for uCF (S. Okada). -- KEK-QUP ? D01 EmA#E
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Rev. Sci. Instrum. 90, 123107 (2019)
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2. Muon Spin Imaging (beyond conventional u*SR)

Slide from M. Mihara (Osaka U.) |

kers

M-e decay time MSR spectrum

: +
spin u
speCtrum A(t) = (Ny — Np)/ (N + Np)
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Collaboration with Osaka U. since 2022 at TRIUMF

\ §,EQ'

S = “’*‘-ﬁ KEK-TRIUMF EPECR

FY2023: Takato Sugisaki

Affiliation :
CMMS, TRIUMF,

Dept. Phys., Osaka U.,
KYOKUGEN, Osaka U.,

Osaka Elec. Comm. U,
KEK, Kanazawa U.,
Kyushu U., Tokyo City Univ.,
Tokyo Agri. Eng. Univ.



Set up at TRIUMF  Slide (re-arranged) from

M. Mihara (Osaka U.)

Helmholtz coil et
Up Counter
Collimator ' 60 K - ’l’ ]
(125 mmg) | - | I ]
! 7 64 |
Vacuum : B I——— =
window Beam window \
(Kapton 25.4 pmt) (alminized PET film)
Fiber Tracker
+ '
32 112
2 ; , Sample

‘ " Forward
| Counter

Muon Fiber Tracker

Counter

15 mmd¢
e m) u+ tracker
L
Backward Drift Chamber [
Counter

(with a 30 mm¢ hole)

u+ trackers: Drift Chamber .

41&’{:)1"\
e+ trackers: 64 ch fibre sci.

Readout electronics: +SiPM

B 2022, 2023: VME TDC (Riken)
¥ 2024: Kalliope ASD+TDC (KEK: Kojima) (&&#
2025: EASIROC (KEK: Honda) + Kalliope

A. -‘t'o
(Osaka U.)




Muon Spin Imaging at TRIUMF Slide (re-arranged) from

M. Mihara (Osaka U.)

2D image of A(t) (pixel size =1 x 1 mm2)
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Application of Muon Imaging to Materials Science JPS meeting Sep. 2026

Measurement in Diamond Anvil Cell for high pressure

14

M+ tracking
2 mmae
0.30
“+

0.25

e

© 0.20

£

3 MSR signal of

i CeF; Ly CeF3in2mm ¢
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0.10
Drift Chamber e § 9w F . ¢ . 5 . 4

“Developing of muon spin imaging ----”, M. N Time (us) 18



Muon Imaging experiment in the future

= Osaka collaboration: real sample with structures .
[ Meteorite K Morishima is leading a group grant: A2 section is mainly KEK
O B|Olog|Ca| Sample | ; MSMI ;;;;;H—Hts;—th—wyv M3 https;//msmi_j
= Fuel cell: water vs. ice e
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Technology transfer from Materials science to Particle physics

= CeF, scintillator which holds muon polarization  pese vy o,

K. Horie et al,,

\ ')Té Nucl. Instrum. Methods A 1037 (2022) 166932
® / 03
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Summary

18

* TRIUMF is equipped with M9H the pion decay channel
- Capabillity of negative muons + high momentum muons

- Complementary to KEK / J-PARC’s MLF D-line muons

= TRIUMF has developed Muon Spin Imaging
- MSR has gained imaging capability
- Complementary to KEK / J-PARC's imaging project

=

= Collaborations with KEK-lead group funds (%72 &) on
U- and muon imaging are underway

u-: https://mu-horizons.kek.jp/en/
Muon imaging: https://msmi.jp
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