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A B S T R A C T

Accurately measuring the neutron beam polarization of a high flux, large area neutron beam is necessary for many
neutron physics experiments. The Fundamental Neutron Physics Beamline (FnPB) at the Spallation Neutron
Source (SNS) is a pulsed neutron beam that was polarized with a supermirror polarizer for the NPDGamma
experiment. The polarized neutron beam had a flux of ∼109 neutrons per second per cm2 and a cross sectional
area of 10 × 12 cm2. The polarization of this neutron beam and the efficiency of a RF neutron spin rotator
installed downstream on this beam were measured by neutron transmission through a polarized 3He neutron
spin-filter. The pulsed nature of the SNS enabled us to employ an absolute measurement technique for both
quantities which does not depend on accurate knowledge of the phase space of the neutron beam or the 3He
polarization in the spin filter and is therefore of interest for any experiments on slow neutron beams from pulsed
neutron sources which require knowledge of the absolute value of the neutron polarization. The polarization and
spin-reversal efficiency measured in this work were done for the NPDGamma experiment, which measures the
parity violating 𝛾-ray angular distribution asymmetry with respect to the neutron spin direction in the capture
of polarized neutrons on protons. The experimental technique, results, systematic effects, and applications to
neutron capture targets are discussed.

1. Introduction

Experiments in fundamental neutron physics often search for phys-
ical effects which are so small that one must use intense neutron
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beams with the largest cross sectional area allowed by the facility to
see them in a reasonable running time. Many of these experiments
also require the use of polarized neutrons to search for spin-dependent
effects. The measurement of both the absolute neutron polarization
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and the efficiency of spin reversal for such large cross sectional area
polarized slow neutron beams therefore must be conducted with suffi-
cient accuracy to isolate the physical effects of interest. The subclass
of experiments which motivated our work are searches for the very
small spin-dependent asymmetries in hadronic parity violation. For
most current parity violation experiments in this field the uncertainty
is strongly limited by neutron counting statistics: in fact many of the
effects predicted by theory have not yet been resolved experimentally. It
is therefore essential that the polarizer used in these experiments possess
a high efficiency, can accommodate a large neutron beam cross sectional
area, and operate continuously over long time periods of several months.
At the moment there are two practical choices for neutron polarizer
technology for this work: supermirror neutron polarizers and neutron
spin filters based on either polarized 3He or polarized protons [1].

The differences of certain properties of these polarizers such as
the radiation backgrounds, time stability, ability to reverse the beam
polarization, and phase space uniformity of the beam polarization are
obviously very important considerations for experiments. An example of
this is the NPDGamma experiment, which aims to measure the parity-
violating 𝛾-ray angular distribution asymmetry from polarized neutron
capture on protons to an uncertainty of 1 × 10−8. The 𝛾-ray asymmetry
is estimated to be ∼5 × 10−8 or less [2,3], so the main challenge of
the polarizer is to enable the high statistical precision since neutron
polarization measurements better than 20% are readily achievable. A
polarized 3He spin filter was successfully used as a neutron polarizer
for the initial phase of the NPDGamma experiment at LANSCE [4–7].
The spatial uniformity of the polarized neutron beam phase space
produced by such a spin filter, the ability to easily flip the polarization
of the 3He in the spin filter by NMR, and the absence of 𝛾-rays from
neutron capture in 3He all contributed to this choice. However, it was
discovered that the high instantaneous neutron flux in the polarizer
interfered with the long-term stability of the 3He polarization produced
in the spin-exchange optical pumping process, which occurred inside
the neutron beam region [8]. In addition, it was observed that potential
sources of systematic errors in the experimental apparatus were very
well suppressed by downstream spin reversal. For the installation of the
NPDGamma experiment at the FnPB at the SNS, whose much larger
flux would have made this stability problem worse, a multichannel
supermirror polarizer was used instead. This polarizer operates with
a higher efficiency than present 3He neutron spin filters and has a
polarized neutron flux of ∼109 neutrons per second per cm2 [9,10]. It is
the measurement of the polarization from this device that is described
in this paper.

The neutron polarization was determined from transmission mea-
surements through a polarized 3He neutron spin filter. A comprehen-
sive review of the science behind optically pumped 3He including its
previous uses as a neutron spin filter can be found in [11]. This method
takes advantage of the spin dependence in the capture cross section
of neutrons on polarized 3He and of the pulsed nature of the neutron
beam at the SNS, which allows the neutron wavelength to be determined
from time-of-flight analysis. The pulsed neutron beam is also essential to
our method of reversing the neutron polarization with high efficiency,
and it allows the neutron polarization and spin-reversal efficiency to be
determined independent of knowledge of the 3He polarization [12]. To
explain this, we review the physics of the operation of 3He neutron spin
filters below.

2. 𝟑He polarimetry principles

Neutrons readily capture on 3He via the reaction 3𝐻𝑒+ 𝑛 → 𝑝+ 3𝐻 .
The capture cross section is proportional to the neutron wavelength
𝜆 such that the transmission of N0 neutrons through an unpolarized
sample of 3He is

𝑇0 = 𝑁0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0 , (1)

where 𝑛 is the atom density of 3He, 𝑙 is the length of the 3He spin
filter, and 𝜎0 = 5316 b is the capture cross-section of 𝜆0 = 1.798
Å neutrons [13]. The capture cross section is spin dependent such that
capture only occurs in the singlet state, i.e. neutron and 3He spins are
anti-aligned, and experimental measurements of capture into the triplet
state are consistent with zero [14]. The transmission of spin up (↑)
and spin down (↓) neutrons through a polarized 3He spin filter with
polarization 𝑃𝐻𝑒 is

𝑇↑ = 𝑁↑,0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0

(1−𝑃𝐻𝑒) (2)

𝑇↓ = 𝑁↓,0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0

(1+𝑃𝐻𝑒). (3)

For an unpolarized neutron beam, 𝑁↑,0 = 𝑁↓,0 = 1
2𝑁0, and the total

transmission of an unpolarized neutron beam through polarized 3He is
the sum over both neutron spin states

𝑇 = 𝑇↑ + 𝑇↓ = 𝑁0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0 cosh(𝑛𝑙𝜎0

𝜆
𝜆0

𝑃𝐻𝑒). (4)

The transmission of a polarized neutron beam with a polarization
of 𝑃𝑛(𝜆) through polarized 3He can be calculated for each neutron spin
state from Eqs. (2) & (3) by making the neutron polarization implicit in
the initial transmission coefficients, so that

𝑇↑ = 𝑁0
1 + 𝑃𝑛

2
𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0

(1−𝑃𝐻𝑒)

𝑇↓ = 𝑁0
1 − 𝑃𝑛

2
𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0

(1+𝑃𝐻𝑒).

The total transmission of a polarized neutron beam through polarized
3He is the sum of the transmission of these two spin states:

𝑇 = 𝑁0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0 cosh(𝑛𝑙𝜎0

𝜆
𝜆0

𝑃𝐻𝑒)
[

1 + 𝑃𝑛 tanh(𝑛𝑙𝜎0
𝜆
𝜆0

𝑃𝐻𝑒)
]

. (5)

If 𝑃𝐻𝑒 = 0, the transmission through unpolarized 3He is found to be
independent of the neutron polarization and Eq. (5) reduces to Eq. (1).

2.1. Spin-rotator efficiency

On the FnPB the neutron spins are rotated by 𝜋 radians (spin-rotated)
with an efficiency 0 ≤ 𝜖𝑠𝑟 ≤ 1 on a pulse-by-pulse basis. We use the
phrase ‘‘spin-rotated’’ rather than ‘‘spin-flipped’’ to distinguish between
two different modes of spin reversal: one in which the kinetic energy of
the polarized neutron beam is unchanged (spin-rotated) and the other to
denote the case when the kinetic energy of the neutron beam is changed
(spin-flipped). It was important for us to employ the former type of spin
reversal in NPDGamma to avoid potential sources of systematic error.
When the neutron spins are reversed, the magnitude of the neutron
polarization becomes (1 − 2𝜖𝑠𝑟)𝑃𝑛. The transmission through polarized
3He with the spin-reversed neutrons can be determined similar to Eq.
(5) by using the reversed polarization value (1 − 2𝜖𝑠𝑟)𝑃𝑛 such that

𝑇𝑠𝑟 = 𝑁0𝑒
−𝑛𝑙𝜎0

𝜆
𝜆0 cosh(𝑛𝑙𝜎0

𝜆
𝜆0

𝑃𝐻𝑒)
[

1 + (1 − 2𝜖𝑠𝑟)𝑃𝑛 tanh(𝑛𝑙𝜎0
𝜆
𝜆0

𝑃𝐻𝑒)
]

.

(6)

The spin-reversal efficiency can be calculated from four transmission
measurements: two measured with the initial neutron spin state for both
3He polarization states, 𝑇 and 𝑇 𝑎𝑓𝑝, and another two measured with the
neutrons spin-reversed, 𝑇𝑠𝑟 and 𝑇 𝑎𝑓𝑝

𝑠𝑟 . 𝑇 𝑎𝑓𝑝 and 𝑇 𝑎𝑓𝑝
𝑠𝑟 are transmission

measurements where the 3He polarization was reversed by adiabatic
fast passage (AFP). How AFP spin reversal is implemented and the AFP
efficiency is accounted for are discussed in Section 4. Two ratios are
determined from these transmission measurements:
𝑇 𝑎𝑓𝑝 − 𝑇
𝑇 𝑎𝑓𝑝 + 𝑇

= 𝑃𝑛 tanh
(

𝑛𝑙𝜎0
𝜆
𝜆0

𝑃𝐻𝑒

)

𝑇 𝑎𝑓𝑝
𝑠𝑟 − 𝑇𝑠𝑟

𝑇 𝑎𝑓𝑝
𝑠𝑟 + 𝑇𝑠𝑟

= (1 − 2𝜖𝑠𝑟)𝑃𝑛 tanh
(

𝑛𝑙𝜎0
𝜆
𝜆0

𝑃𝐻𝑒

)

.
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