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Abstract
The n+p→d+γ experiment measures the parity-violating directional gamma-ray asymmetry, Aγ,
with uncertainties of 0.5x10-8 when cold polarized neutrons are captured by para-hydrogen. This
precision measurement will determine the long-range pion-nucleon weak coupling constant, Hπ

1,
with a precision of 10% of its predicted value, and thus will help to clarify our understanding of
the weak interaction between nucleons. The n+p→d+γ experiment on the SNS beamline 14B is
designed to take advantage of the high intensity of the source and its pulsed nature. The
experiment requires a 30-Hz pulsed beam for optimal performance. In three months of run time
the experiment will achieve a statistical uncertainty of 0.5x10-8.

The high-intensity Spallation Neutron Source (SNS) opens new and exciting possibilities to
perform fundamental physics experiments with polarized pulsed cold neutrons.  These new
types of precision experiments can be designed to take full advantage of the knowledge of the
neutron energy through use of time-of-flight information.

The parity-violating (PV) ∆I=1 pion-nucleon coupling constant Hπ
1  gives the strength of the

longest-range part of the PV nucleon-nucleon force [1] and is therefore a parameter of
fundamental importance for the description of NN parity violation.  A number of hadronic PV

experiments have tried to determine the value of Hπ
1 .  Significant results have been obtained

from five measurements of circular polarization, Pγ of photons in the decay of 18F [2].  The

combined result gives an upper limit for Hπ
1  that is considerably smaller than predicted by
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DDH, in an explicit SU(6)-quark model analysis [1].  However, this result for Hπ
1  was thrown

into doubt by a measurement of nuclear spin-dependent PV effects in 6S-7S transitions in the
133Cs atom [3] that has been used to extract a value for the cesium static nuclear anapole
moment in the ground state [4].  Recently a full 2-body calculation of the cesium anapole

moment has been used to place constraints on Hπ
1  and the short-range, ∆I =0 ρ-nucleon

coupling, Hρ
0 [5].  The cesium results imply a central value for Hπ

1  two times larger than the

DDH best value.  To resolve the apparent inconsistency between the 18F and 133Cs results and
between different theoretical predictions, new high-precision parity violation experiments such
as the gamma asymmetries in n+p→→→→d+γ  [6] and n+d→→→→t+γ along with measurements of the
rotation of neutron spin in hydrogen, deuterium, and helium [7] are needed.

These experiments are all sensitive in a calculable way to different linear combinations of
parity-violating NN weak couplings. The results will give strong constraints on the PV N N
interaction that are free from nuclear theory uncertainties present in the interpretation of results
from complex nuclei such as cesium and fluorine.  In the particular case of the n+p→→→→d+γ
reaction, for example, the gamma ray asymmetry is almost completely determined by the weak
pion coupling.   The goal of the n+p→→→→d+γ experiment is to measure the directional gamma-ray

asymmetry with an uncertainty of 0.5x10-8 that unambiguously determines Hπ
1  to ± 10% of its

predicted value [1].  The experiment order of magnitude is smaller than statistical errors.

The n+p→→→→d+γ experiment under construction at Los Alamos by the NPDGamma
Collaboration is an example of an experiment which is carefully designed for a pulsed cold
neutron beam.  Several components of the experiment are based on the use of time-of-flight
(tof) to select the neutron energy.  Also, tof information is used to control systematic errors in
situ.  An isometric picture of the apparatus is shown in figure 1.  A detailed description of the
experiment can be found in Ref. [6].

In the following we will discuss how a parity violating gamma asymmetry measurement
would be optimized at the SNS using the n+p→→→→d+γ experiment as an example since it has been
described extensively in papers. The n+p→→→→d+γ experiment will be performed at LANSCE.
With a small modification, the same apparatus can also be used to measure parity violation in
polarized neutron capture on deuterium, n+d→→→→t+γ. This measurement, which is only practical
at the SNS, would be sensitive to the weak isoscalar rho coupling as well as the weak pion
coupling measured by n+p→→→→d+γ. With the weak pion coupling already known from LANSCE,
the n+d→→→→t+γ experiment can give independent information on the NN weak interaction.

Neutrons from the SNS are guided to the experiment by a 10x12 cm2 neutron guide.  The guide
includes a curved section that will prevent most of the fast neutrons and gamma rays from the
source from reaching the target and detector.  The neutron flux estimate assumes that the guide
starts 1 m from the moderator surface and is 15 m long.  The guide has a reflectivity of Θc=3.5
times that of 58Ni.  The calculated neutron flux per pulse as a function of tof at the end of the
guide (at 16 m from the moderator surface) is shown in figure 2 [8].  The neutron flux is
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monitored by a thin 3He ion chamber (M1) mounted on the end of the guide.  After the
monitor, the neutron beam passes through an optically-polarized 3He spin filter [9].  The use of
a 3He polarizer is a key feature of the experiment; the acceptance angle of the 3He spin filter is
large and the capture of neutrons by 3He does not create any γ-rays, an important feature for
this γ-background-sensitive experiment.  The 3He spin filter is simple and compact.  Also, the
neutron beam polarization can be reversed without changing the direction of the guide field by
adiabatic fast passage of the 3He spin.  Behind the spin filter a second beam monitor (M2) is
mounted.  M1 and M2 will be used to measure the beam polarization via transmission through
the spin filter cell [9].

Fig. 1.  Isometric rendering of the n+p→d+γ apparatus. (The apparatus for the n+d→t+γ
experiment would be identical except for a small modification in the target.)   The cold neutron
beam from the SNS arrives from right.  Shown are the last section of the vacuum tube
containing the neutron guide and the beam monitor on the end of the guide.  Next is the
optically-polarized 3He spin filter – 18-inch diameter NMR Helmholtz coils are shown –
followed by the spin flipper, CsI γ-detector, and liquid hydrogen (deuterium) target.  Behind
the target is a 3He beam polarization analyzer and a back beam monitor.  Shown also are four
race-track coils for a uniform 10-G magnetic guide field.

The main control of systematic errors and drifts is the neutron spin flip performed by an RF
spin flipper (RFSF) that can flip the polarization of the neutron beam on a pulse-by- pulse basis
[10].  The RFSF, as well as the rest of the experiment, works in a homogeneous magnetic field
of 10 G.  By changing the amplitude of the RF field synchronously with neutron tof, the RFSF
will flip neutron spins at all energies with higher than 96% efficiency [10]. For the n+p→→→→d+γ
experiment, the neutrons are captured by a 20-liter para-hydrogen target located at 18 m from
the source.  The use of para-hydrogen is essential for two reasons: (a) neutrons depolarize
when scattering from ortho-hydrogen, (b) the scattering cross section for ortho-hydrogen is so
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large that most of the neutrons would be scattered from the target before capturing if there was
any ortho-hydrogen present.  The 2.2-MeV γ-rays from the capture reaction are detected by an
array of 48 CsI(Tl) crystals.  Light from each of the crystals is converted to a current by highly
linear and magnetic field insensitive, unity-gain vacuum photo diodes. Current mode signal
processing is used because the gamma rates are too high for counting.  Low-noise, high-gain
preamplifiers are used to amplify the currents from the vacuum photo diodes.  The amplifier
electrical noise will be two orders of magnitude or less than counting statistics, a necessary
condition for current mode detection.

The optimum frame frequency is 30 Hz as indicated in Table 1, where the integrated neutron
flux per second is shown for different frame frequencies and integrated tof intervals.

Table 1.
Frame TOF interval Neutrons
(Hz) (ms) (x1010 n/s)
60 10 - 17 6
30 10 - 33 9
20 10 - 48 7
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Fig. 2.  Calculated neutron flux per pulse as a function of tof at the end of 16-m long beamline
14B at the SNS for a 30-Hz frame.

For captured neutrons with energy greater than 15 meV, depolarization will occur in liquid
para-hydrogen by spin-flip scattering and therefore no parity violation can occur.  Neutrons
with energies less than 15 meV do not have enough energy to depolarize by flipping the proton
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spin and will therefore show a PV effect.  This has led us to the following DAQ strategy per
neutron pulse; from 0 ms to 10 ms after a proton pulse when the neutron energy is higher than
15 meV, the collected data is used to measure a null result.  Then from 10 ms to 28 ms the
collected data is used to determine the PV γ-asymmetry, and finally at 28 ms the frame
definition chopper will shut off the beam and data are collected from 28 ms to the end of the
30-Hz frame to determine the beam-off background.

In addition to the statistical precision, systematic errors are a main concern of the experiment.
We believe that the sources of false asymmetries are well understood and are safely below the
limit of the statistical error.  A discussion of systematic errors can be found in Ref. [6].

All the components of the Los Alamos n+p→d+γ experiment have been designed and most of
them have been tested in beam.  To answer several questions raised by reviewers, we had a
test run on the LANSCE cold pulsed neutron beamline, FP11A, with a 1/10th size version of
the full n+p→d+γ experiment using 139La and 39Cl as targets.  Parity-violating gamma
asymmetries were measured from the targets with uncertainties of 10-6 [11].  When scaled to
the expected detector solid angle, neutron polarization, and beam intensity, the test
experiment has demonstrated that the n+p→d+γ  experiment at LANSCE can reach its
uncertainty goal of 0.5x10-8 in one year of running time.

The flux at the SNS will give a γ-yield for polarized neutron capture experiments that is a
factor of 5 higher than that achievable at LANSCE. This higher pulsed cold neutron flux
makes a measurement of parity violation in n+d→→→→t+γ possible. Here we briefly discuss the
differences between the two measurements and the reason why the n+d→→→→ t+γ experiment
needs the added flux of the SNS.

A liquid deuterium target could be used with relatively simple modification to the NPDG
apparatus. The neutron-deuteron system is still sufficiently simple that uncertainties due to
nuclear structure do not threaten to mar the interpretability of parity violation measurements in
terms of NN weak couplings.  The relation between the parity-violating gamma asymmetry in
n+d→→→→t+γ and weak couplings has been calculated [12]. As with most other low energy PV
observables involving neutrons, this asymmetry is dominated by the isovector pion and
isoscalar rho contributions if these couplings are close to the DDH “best” values. Such a
measurement in the n-D system would yield information on NN parity violation independent of
the n-p system. The previous experiment [13] obtained a result consistent with zero:
Aγ=4.2±3.8 x 10-6.

As can be seen by comparison with the asymmetry prediction for np capture, the expected size
of the parity-violating asymmety for n+d→→→→t+γ is about an order of magnitude larger. This is
because the parity-conserving part of the neutron absorption cross section, which produces a
M1 gamma ray, is anomalously small for deuterium (0.97 mb at thermal energy) because the
ground state and the capture state of the triton are orthogonal in the limit in which one ignores
the spin dependence of the strong NN interaction. This same suppression is not present for the
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E1 gamma ray which the parity-violating component of the weak interaction induces.[12]
Naively, one might conclude that this makes the n+d→→→→ t+γ experiment much easier than
n+p→→→→d+γ. But this is not true.

 There is no suppression of the neutron scattering cross section, which is a few barns. And
since the ground state of liquid deuterium (orthodeuterium) is a mixture of J=0 and J=2,
low energy neutrons can depolarize somewhat before capture due to the large number of
neutron scattering events, some of which flip the neutron spin. Therefore to suppress
depolarization
due to multiple scattering in a pure deuterium target one would require a thin, weakly-
absorbing target (absorbing a few % of the beam intensity) of liquid orthodeuterium. The
counting statistics required to see the PV effect then become comparable to that needed for
n+p→→→→d+γ.  (The efficiency of the CsI gamma detector array for the 6.2 MeV gammas from
n+D capture is actually higher than for the 2.2 MeV gammas from n+p capture, so this is not
an issue). The types of systematic effects for this experiment are generally very similar to those
for n+p→→→→d+γ. However, some of the possible systematic effects are larger relative to the PV
signal due to the need to use a thin target of D2. In addition, the circular polarization of the M1
gamma ray is much larger (of order 42%) [14] than that in n+p→→→→d+γ (0.3%) and this can also
lead to larger systematic effects. Therefore the measurement of PV in n+d→→→→t+γ is actually
more difficult than n+p→→→→d+γ despite the expected order-of-magnitude larger size of the effect.
Any measurement would also require an auxiliary determination of the neutron polarization
upon capture in the target. This can be done by measuring the circular polarization of the
gamma ray, but this requires an auxiliary experiment that employs a current mode circular
polarization analyzer.  For all of these reasons: the need to examine new sources of systematic
error, the need to use a thin target of deuterium, and the need for auxiliary measurements of the
neutron polarization upon capture, this experiment requires more neutrons than n+p→→→→d+γ and
can therefore only be done at the SNS.
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