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Nuclear

T
Capture

Negative Muon Lifetimes in Muonic Atoms
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Atomic Number Z

gp—>nv inanucleus:

Rate exceeds that of [ — e’ vV, for Z>11.
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Atomic Capture & L+S Depolarization of y~

Large impact parameters are more probable
= initial orbits tend to be circular.

~ Viewdorgy [ TT 77777 /<>>\ i
momentum = | _ _ _ _ _ _ AV AV

Primitive Atomic Physics:

_ 8o (M) 2
o= (™) n oo
i At = =]
Eﬂ=_13‘ﬁfv ZQ[E] 4T selection rule
L& Me g_ for Radiative Transitions
I I A N O O A O A O
1CI 12 3 4 5 . g

LeS couplings depolarize (I~ spin unless fast Auger!
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Characteristic
precession
frequencies
of F*
hyperfine states
in selected
low-Z
muonic atoms
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[sotope |Nucl. | Natural | Moment | Frequency Ratios
AFl; | Spin | Abundance NS | P | P
H, | 1/2 =1 —0.314109 | 0.342946 0
?H, 1 = Q) —0.096436 | 0.301188 | -0.397624
6L, 1 007  |-0.092454 |0.302515 | —0.394969
TLiy | 3/2 0.93  |-0.366253 |0.158437 | -0.402606
°Bes | 3/2 = 1 0.132447 [0.283112 [-0.194814
0B, 3 0.19 —0.202528 [0.113925 | -0.181434
1Bs | 3/2 0.81 —0.302380 |0.174405 | -0.375992
BC, | 1/2 0.01  |-0.079000 |0.460500 0
UN, | 1 1 -0.045394 |0.318202 | -0.363596
BFy | 1/2 1 —0.295666 | 0.352167 0
PNay; | 3/2 21 —0.249406 | 0.187648 | —0.353919

®Mgia | 5/2 0.10 0.096197 |0.182700 | -0.144221
2TAl13 | 5/2 2 1 —0.409555 | 0.098408 | —0.262229
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HFS OF SELECTED "BARE" MUGNIC AT&MS:
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[,l-SR in Teflon [(CFZ)n] High frequency signal: puC

Low frequency signal:

F* (triplet) state of 19F, - HF transition rate
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SR in Melamine (CsHgNg):

High frequency signal: pC  Low frequency signal: F" state of "Ny’
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"Coulomb Explosion” Leftovers
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First observation of ;"SR in Sodium Metal
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"Themes" in u*SR

u+ only (?) Ut or -
Muonium as light Hydrogen The Muon as a Probe
(Mu = p"e) (H=p"e)

o H H . eye .
® Mu vs. H atom Chemistry: Probing Magnetism: unequalled sensitivity

- gases, liquids & solids - Local fields: electronic structure; ordering

: : - Dynamics: electronic, nuclear spins
- Best test of reaction rate theories. Y P

- Study "unobservable” H atom rxns.
® Probing Superconductivity: (esp. HT.SC)

- Coexistence of SC & Magnetism

- Discover new radical species.

® Muvs. H in Semiconductors: - Magnetic Penetration Depth A

- Until recently, y"SR — only data on - Coherence Length ¢
metastable H states in semiconductors!

® Quantum Diffusion: y" in metals (compare H); Mu in nonmetals (compare H).

® Ultra-Heavy Hydrogen: neutral muonic helium (a*u"e”) has m = 4.11my



-SR o Itiseasy toget the impression that only
"" ® positive muons are employed in uSR.

Although most uSR is ™SR, it is often desirable to use
negative muons in the same way, albeit with more difficulty.

DRAWBACKS of 'SR — PROPOSED MITIGATIONS

8 LS Depolarization in — "Tag" events with specific
the atomic cascade muonic X-rays
# Nuclear Muon Capture: —> Look for neutron asymmetries
short lifetimes, few decay e in heavier elements

8 Giant Hyperfine Interaction — Observe characteristic
with nonzero-spin nuclei F™ precession signals



Negative Muon Lifetimes in Muonic Atoms NUCICGI" /_I-
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Possible Help:  Many times a fast neutron is emitted from nuclear y~ capture.

Very few measurements have been made of the correlation of that neutron with
the muon's spin direction. If cases are found where this neutron asymmetry is

sizeable, we may be able to do neutron-triggered p’SR, for which the event rate
can be higher than in u*SR.
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Relativistic Shift of u~ Frequency

G

- ' B
:W’AI ;
C— [ CN,O
(]
3 <r -
5
3
|
N g u Cd _
=1 I
3 ¥ s
3 |
=
o | | . | .
|

Atomic Number



