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Useful Reading:

Muon Spectroscopy: An Introduction
Edited by Stephen J. Blundell, Roberto De Renzi, Tom Lancaster, Francis L. Pratt

OUP 2022

Muon Spin Spectroscopy, Nature Reviews Methods Primers
Hillier et al, Jan 2022

Muons at ISIS, Phil. Trans. R. Soc. A, 377:20180064, Hillier et al
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Core muon beam characteristics for condensed matter studies ”m\\‘\w

Typical energy

low energy: (0.5 - 30)keV, surface: ~4MeV, and decay: (15 — 60)MeV

ranges
Charge utand p beams
Flux 106-108 p*s

Spin polarisation

~ 100% for y* and p-beams! (exceptions: elemental analysis and imaging)

Beam spot size

Typically, around (10 — 30)mm?*
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Different types of muon source — continuous and pulsed

ISIS Neutron and

Muon Source

Continuous Sources
(e.g. PSI & Triumf)

« Single muon at a time, rate limited
» Fast relaxations, rapid precession
« Higher intrinsic background

« Compact detector arrays

Existing low energy muon facility for
surface and interface studies

v

Science and
Technology
Facilities Council

Pulsed Sources
(e.g. ISIS & J-PARC)

« Bursts of muons (10s Hz, 50us spacing)
« Weak relaxations, slow precession
« Lower intrinsic background

 No fundamental rate limit in time
differential measurements

« Big detector arrays

Pulsed environments

v

Good complementarity, with many experiments making use of both.
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) The ISIS pulsed neutron and muon source
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ISIS Neutron and
Muon Source
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A World Centre for Condensed Matter Science with Neutrons and Muons
Typical year: 1200 experiments, 3000 visitors, 30 countries, 600 publications
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The ISIS pulsed neutron and muon source
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The ISIS pulsed neutron and muon source
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The ISIS pulsed muon source — our instruments \
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The muon spectroscopy technique — the muon lifecycle

o Pion production: high energy
protons collide with C nuclei

o Measure the positron
distribution to determine the
muons’ polarisation in time. Learn
about the muons’ local
environment or the muon
behaviour itself.

Science and
Technology
Facilities Council

ISIS Neutron and
Muon Source
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The muon spectroscopy technique
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() Science highlights — science supported

Elemental analysis
{materials) Bio-systems
2%

Semiconductors
5%

Elemental analysis
(archeometry)

5% Superconductivity

24%

Chemical Physics
7%

Frustrated
systems
10%

Magnetism
18%
lon diffusion
11%

Spin liquids
15%
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() Science highlights | - thin film superconductors
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Use F--u--F states above T,. and
DFT to find the muon site
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Science highlights lll — elemental analysis in cultural heritage
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Future development opportunities

Source and beam developments

* More intense beams
» High repetition rate pulsed sources
» Improved target design to increase muon/ pion yield

« Improved muon extraction (polarised and
unpolarised)

» Higher energy beams for muon
(and pion) imaging

« Highly collimated beams for imaging and to
measure smaller samples

« More low energy muon facilities

ISIS Neutron and

Muon Source

Science and
Technology
Facilities Council

Instrument developments

Si pixel detectors, tracking detectors
(muons in, positrons out)

Bigger detector arrays

Pulse slicing to increase/ cheat time
resolution

Digital signal processing of the raw
event traces from detectors
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Source and beam developments

* More intense beams
» High repetition rate pulsed sources
» Improved target design to increase muon/ pion yield

« Improved muon extraction (polarised and
unpolarised)

» Higher energy beams for muon
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measure smaller samples
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Instrument developments

Si pixel detectors, tracking detectors
(muons in, positrons out)

Bigger detector arrays
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resolution
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event traces from detectors

—

d»;é
'771 \'\\-}\"’/

\

\W C/‘/

% I\

N\ 4
////1 lx\

— 7

0%
7

\\ﬂ'/

N

A

-_— =
-—
(/

Z
g\\.//

v

\\\J /
\ p

g
N

\\\\ ! //
711‘\§



Future development opportunities

Source and beam developments

* More intense beams
» High repetition rate pulsed sources
» Improved target design to increase muon/ pion yield

« Improved muon extraction (polarised and
unpolarised)

» Higher energy beams for muon
(and pion) imaging

« Highly collimated beams for imaging and to
measure smaller samples

« More low energy muon facilities

ISIS Neutron and

Muon Source

Science and
Technology
Facilities Council

Instrument developments

Si pixel detectors, tracking detectors
(muons in, positrons out)

Bigger detector arrays

Pulse slicing to increase/ cheat time
resolution

Digital signal processing of the raw
event traces from detectors

Probably many more. Any ideas?

—

dr,;é
i/ \'\\-}\"’/

R

\W C/‘/

% I\

N\ 4
////1 \x\

=7
l\\

7/l

\\\ﬂ'

7

A

-_— =
-—
(/

Z
g\w/

v

\\\J /
\ p

g
N

\\\\ ! //
711\\§



In Summary

(Spin polarised) muons tell us a lot about a variety of condensed matter systems...

superconductors
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In Summary

(Spin polarised) muons tell us a lot about a variety of condensed matter systems...

superconductors
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