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Outline

Muon capture: brief overview
- theoretical prediction needs the axial-vector coupling g,

Neutron decay puzzles: lifetime and g,

Standard Model prediction:
connection between the lifetime and the g,



Muon capture

Fate of a muon bound , .‘”
in an atom: \
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Capture rate ~ Z*

A (H)=7149(7.4) / s MuCap
Rate very close to the free-muon decay,
r,=2196 980.3(2.2) ps (1.0 ppm) MuLan about 1 per mille.
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rate ~5-105/s



Measurement of the muon capture: MuCap

MuCap led by Peter Kammel (talk next week).
World-record measurement of the capture rate in hydrogen.
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least well-known form factor;
best determined by MuCap



Measurement of the muon capture: MuCap

MuCap led by Peter Kammel (talk next week).
World-record measurement of the capture rate in hydrogen.
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a significant momentum ftransfer:  geview

Nucleon axial radius and muonic
hydrogen—a new analysis and review

Richard J HIll'', Peter Kammel" ", William J Marclano” and Alberio Sirin"



Input into the capture prediction: g,

Connection with the neutron lifetime,
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m3(1+3g5)(1 +RC)f

and the electron's correlation with the neutron's spin,
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Neutron lifetime measurement: two approaches

Trap:

- count surviving neutrons

- challenge: leaks;

- UCN, varying size and energy
- traditional: material traps

- recently also magnetic traps

- inclusive: sensitive to all n decays!




Neutron lifetime: the beam approach

Beam:
- daughter protons collected
- and nearly-perfectly counted
- exclusive: sensitive only to
h -> p decays
- future: all n -> electron decays
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Number of
neutrons going
through trap



Neutron lifetime puzzle

Weighted average

879.5+0.8 (_error: scaled by 1.5) N — Sme:g .7

Serebrov  |2017(881.5/0.7 0.6 1.3 2.4

Pattie 2017(877.7/0.7/03(1.0| 3.2

Arzumanov 2015(880.2/1.2 12|04

beam Ezhov 2014878319 1904

- ; Yue 2013(887.7(/12(19/3.1| 7.0

Discrepancy Steyerl  |2012(882.5(1.4/1.5/29| 1.1
between bottle , : Pichlmaier [2010(880.7/13/12/25 02
and beam methods: ,_.._ \ Serebrov 2004 (878.5/0.710.3/1.0| 1.0

874 876 878 880 882 884 886 888 890 892 894
——Total ® trap ¢ beam 4 magnetic —— Average T, S

Tempting to speculate about exotic decays (inclusive lifetime shorter)



Neutron lifetime puzzle: take-home message

Beam measurements: 888 seconds
World average dominated by storage: about 8 seconds less

About four-sigma discrepancy. 8 =%k <

prosperity, wealth



Dark matter solution?

PHYSICAL REVIEW LETTERS 120, 191801 (2018)

Dark Matter Interpretation of the Neutron Decay Anomaly

Bartosz Fornal and Benjamin Grinstein

BR(n — x+ X) ~ 1%

Mass range for x, roughly:
Mp — Me < My, < My + Mg

Mass range, refined:
937.9 MeV < m,, < 938.8 MeV

/

Stability of beryllium-9 No x-decay into proton+electron



Objections to the dark-matter decay

Objection 1: existence of large neutron stars

Radius stabilized by Pauli exclusion

If neutrons decay into dark matter,
radius decreases -> density increases
-> collapse; maximum mass

But larger masses have been observed,
up to
P ~ 2M

Strong repulsive self-interactions: a way around this bound;
but then not a good DM candidate.



Objection 2: connection between g, and T,

PHYSICAL REVIEW LETTERS 120, 202002 (2018)

Neutron Lifetime and Axial Coupling Connection
A. Czarnecki, W. J. Marciano, and A. Sirlin

Two neutron puzzles: rheam — 888.0(2.0) s

8.6(2.1)s ~ 4o
Tn P = 879.4(6) s

v,

P20 — 1.2637(21)

0.0118(24) ~ 50
P2 — 12755(11) } (24)




Connection: lifetime and g,
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mg(l + 39121)(1 + RC)f — T, (1 + 3931) = SM-predictable



Connection: lifetime and g,

2 2
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Ty /2

Lifetime and g, measured separately but (usually) move together,
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Lifetime and g, : favored values

Master formula:
|Vual?7.(1 + 33) = 4908.6(1.9) s.

Anti-correlation of RC in V , and the n-lifetime:

ore precise connection
more p '7,(14+3g4) = 5172.0(1.1) s,

Examples: 7™ = 879.4(6) s —» g, = 1.2756(5),
7heam — 888.0(2.0) s — g4 = 1.2681(17),
P22 _ 1 2755(11) - 7, = 879.5(1.3) s,

@02 = 12637(21) - 7, = 893.1(2.4) s.

Our recommended values:  favored — 879 4(6) s,

favored — 1 2755(11).



Lifetime and g, : favored values

Master formula:
Va7, (1 + 363) = 4908.6(1.9) s.

Anti-correlation of RC in V , and the n-lifetime:

ore precise connection
more p '7,(14+3g4) = 5172.0(1.1) s,

Not much room
for dark decays:

Total exotic neutron decay branchingratio < 0.27% for g4, = 1.2755(11)
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