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Abstract

We report the observation of the elementary process ;»~JJ — iiv,,-) at TR'UMF.

INTRODUCTION

The weak interaction of leptons and hadrons is described at low n'1 by a current xrurrent
interaction of the V — A type. Tlie presence of the strong interaction 'induces' additional
couplings that are constrained by Loreutz covarianco and are determined experimentally.
Of these couplings, gp, the pseudoscalar coupling, is not well known and is the object
of the present experiment. The hypothesis of the Partially Conserved Axial Current
(PCAC) relates gp to the weak axial coupling, ga, assuming pion pole dominance. In
the q2 = 0 limit this hypothesis yields the Goldberger-Treiinan [1] relation which is used
in turn to estimate the q- dependence of gp

(1)

This relation has traditionally been verified through Ordinary Muon Capture (OAIC)
in spite of the fact that OMC is a process occurring at fixed q-. Radiative Muon
Capture (HMC) is a better reaction for the study of gv because of its gi dependence
and consequently enhanced sensitivity at the high energy end of the photon spectrum.
The goal of the present experiment is to test the PCAC prediction for the elementary
process /ip — uuni to 10%.

EXPERIMENTAL CONSIDERATIONS

The branching ratio for RMC on the proton relative to muon decay is predicted to
be 6M X 10~s. In RMC the only observable reaction products are the photon or the
neutron. However the latter is difficult to observe unambiguously due to the neutron
background from OMC (r(OMC) ~ 10s - T(RMC)). One is left with the photon spec-
trum, which extends from 0 up to 100 MeV. The accurate measurement of the absolute
RMC branching ratio requires that the events be well identified, the many substantial
backgrounds controlled, the detection efficiency and acceptance known accurately and
the number of incident muons measured with high precision. Given the rare occurrence
of RMC on the proton, a large acceptance pair spectrometer (it ~ 3x) has been con-
structed at TRIUMF [2], The main element of this detector is its large volume drift
chamber. Photons from the liquid-hydrogen target are pair-converted in a cylindrical
sheet of lead (1.08 nun thick) and the resulting e+e~ pairs are tracked in the drift

. chamber. In this way, both the photon energy spectrum and direction can be inferred
by reconstructing the motnetitutn of the e+e~ pair. Incoming muons are counted by
four beam counters positioned in front of the liquid hydrogen target. The acceptance
of the detector (~ 2%) and the resolution (a ~ 4% at 120 MeV) are measured using
a negative pion beam. The charge exchange reaction, T~p — ÏT°JI, provides us with a
uniform photon spectrum from 55 to S2 MeV through the decay in-flight of the s° . aud
the radiative pion capture reaction, ir~p — u-j yields monoenergetic photons at 129
AleV.

BACKGROUNDS AND ANALYSIS

The most important background faced by this measurement is the bremsstrahlung
from the muon decay electrons and the photons from internal bremsstrahlung: (t~ —»
( 7 , K , 7 . These produce an intense source of photons with E-, < 53 MeV. We must
therefore sacrifice the region £-, < 58 MeV. As a consequence, we lose statistics and
information on the shape of the energy spectrum. The remaining high-energy tail due to
the resolution response of the detector is subtracted by the use of the photon spectrum
from positive muons where RMC does not occur and therefore the maximum photon
energy is 53 MeV.

Pion contamination of the muon beam is also a serious problem. An RF separa-
tor purifies the beam to a level ir/n ~ 10~4 and a time cut eliminates all remaining
pion-induced events since pion charge exchange and radiative piou capture are strong
processes which appear promptly on the time scale of RMC.

The liquid-hydrogen target also adds some complications due to muon chemistry.
As the union stops in liquid hydrogen, it forms an excited muonic atom which quickly
(~ I0~12 s) cascades down to the IS state. The /ip atom can then form a p/iji molecule
in an ortlio (L = 1) or para (L = 0) state with a transition rate from the former to
the latter of Aup = (-1.1 ± \A) X 10J s~' [3]. This uncertainty in Auf, accounts for a 4%
systematic error in our result. Any impurities in the target can produce an important
background since the muou capture rate is roughly proportional to Z4. The deuterium
contamination of our proiium gas has been measured to be less than 2 ppm.

The liquid hydrogen is contained in a thiu walled (250 jiiu) gold vessel and periph-
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eral muons which stop in this material will undergo ItMC with a rate many orders of
magnitude higher than RMC on liquid hydrogen. However, the union lifetime in gold
is short (r,ju = 73 nsec) compared with the free muon lifetime. This background is
then almost, completely eliminated by a time cut on tlie muon disappearence time (i.o.
as given by the time difference between the passage of the nmon through the beam
counters and the event).

Finally, cosmic rays and events from the beam lines cannot be entirely eliminated
by passive shielding of the detector. We resort to the use of cosmic-ray drift chambers
and seintillators to reduce this background. Ily combining background measurement
with and without the cyclotron on ( 102 days of data collection outside normal running
periods) we estimate the remaining background to be 1.1 events per day.

CONCLUSION

We have successfully observed the
elementary process fi~p — m>lty.
Figure I shows the final spectrum
after background subtraction com-
pared to the Monte Carlo spectrum
as computed from the calculation
of D.S. Beder and 1I.W. Fearing
[4, 5J. Our final sample of events af-
ter background subtraction contains
250 ± 21 events (8% statistical er-
ror). These were collected over the
past 4 years after a total of 3.21 X
1012 fi~ stops. The systematic er-
ror is expected to be of the order
of 7%. We are, at present, verify-
ing the stability of the efficiencies
in terms of the various cuts before
quoting a branching ratio for RMC

Figure 1: Comparison between RMC photon spec- o n t h c Proton,
trum (error bars) and Monte Carlo spectrum
(hatched histogram).
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