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Muon capture on the deuteron
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Muon capture on the deuteron
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Muon capture on the deuteron
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Chiral Effective Field Theory Predictions for Muon Capture on

Calculation of doublet capture rate for muon capture in deuterium within chiral Deuteron and >He

effective field theory

a a P b e .o .d L. E. Marcucci, A Kievsky, S. Rosati, R. Schiavilla, and M. Viviani
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MuSun, a precision lifetime experiment w

' No charged particles in final state
o
_ / Ve Decay of a uD atom:
— (2,++n
— ++ d) t
W Ne-(t)~e \'¢
d
n
N 455170 Hz <——> ~400 Hz
A
)
g Mﬁ‘a;:nperrgs;loifthe Positive Muon Lifetime and Determination of the Fermi Constant to Part-per-
§ o(Ay) ~15% — O'(/Iy_(Dz)) ~107
> M1*, no capture
- (1 ppm measurement 100 “good” muon decays
from Mulan) <:>

{—> Control systematics

W UNIVERSITY of WASHINGTON 2015 European Nuclear Physics Conference 5



MuSun, a precision lifetime experiment
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MuSun, a precision lifetime experiment

Entrance
detectors
“t start”.
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Entrance detectors
e tstart
e pile up protection
e 2scint. + MWPC

Cryo TPC
* event selection
e 48 anode ionization
chamber
e 5hbarD,, 30K

Electron detector
« tstop
e 2 MWPC + 32 scint.



Gathering statistics

Analyzed u-e decay pairs by beam period
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Systematics: event selection with cryo-TPC

* For “all” accepted events, the muon has to stop

in the D2 gas Cathode VLZ g
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Systematics: event selection with cryo-TPC w

* For “all” accepted events, the muon has to Cryo-TPC:
stop in the D2 gas: wall stops * 80kV
* 30 Kelvin
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Systematics: event selection with cryo-TPC

* For “all” accepted events, the muon has to
stop in the D2 gas: gas impurities

100 %
50 % 2*10 5/ ppb
(stops detected in TPC)

100 %

1 ppbof N2 - AN, =3 Hz /

I“l'-
/13%
final error bar: 6 Hz 87 %
a +V, ° +e +2v
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Systematics: event selection with cryo-TPC
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Systematics: event selection with cryo-TPC w
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Systematics: event selection with cryo-TPC w

* For “all” accepted events, the muon has to

stop in the D2 gas: gas impurities gy ° +e +2v

step 2: Direct impurity detection
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Systematics: event selection with cryo-TPC

* The event selection has to be made in a time independ
* Muon catalyzed fusion (MCF)
* Michel (decay) electron interference
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Systematics: event selection with cryo-TPC w
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Moving forward towards a first physics result w

Data taking: Full statistics by the end of this month. 2014 + 2015
data run = 1.3 10'° accepted events in stable conditions

Analysis: Most challenging systematic effects are being
qguantified, approaching the required precision for a first physics
result.

A precise determination of A,is crucial to determine the 2-body
LEC (L,, Or dR) for the axial weak current. e

* Precise S factor for p-p fusion independent of 3B physics

* Model independent determination of the 2B v flux from SNO
 EFT fully determined for two body system

further reading:

P. Kammel and K. Kubodera, Annu. Rev. Nucl. Part. Sci.
60, 327 (2010).

W UNIVERSITY of WASHINGTON



Collaboration
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Quest for the Unknown LEC

“Calibrate the Sun”

Axial current dR  (orcp)
Extract from axial current reaction in A
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|
3-body system o X1 —:‘
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in progress
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Precision muon pnysics: u*
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Precision muon physics: W
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N x A,
— Ay
Ay = capture rate on Nitrogen
Nesr = effective transfer rate
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Late decay with early fusion Early decay no fusion

fusion interference < 1%
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