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1. Introduction

The purpose of this document is to get some estimates for the magnitude of target-
normal single-spin asymmetries. Unfortunately, the number of data points is extremely
limited and the theoretical models are presently not at a level to have any predictive
power. The evaluation is based on all the data that could be found in the literature.

2. Simple Estimates

Quasi-elastic Regime: This is just part of the overall data collection and is not really
relevant for dn2 . The data were fit to an exponential function. Since there are only three
data points [Zha+15] and the fit function (see below) contains three fit parameters, a
perfect fit is a given. It should also be pointed out that the error bars are calculated by
adding the statistical and systematic uncertainties in quadrature. This is obviously not
correct since the errors are correlated (assuming at least some systematics are common to
all data points).

Helium-3 and neutron:

A3He
y (Q2) = A0 · (1.0 − exp(−Q2/Λ2)) + A0

0

With fit parameters A0, Λ2, and A0
0.

helium-3

A0 ± dA0 Λ2 ± dΛ2 A0
0 ± dA0

0

−0.001356 ± 0.001192 0.2113 ± 0.3371 −0.000647 ± 0.00134

neutron

A0 ± dA0 Λ2 ± dΛ2 A0
0 ± dA0

0

0.0351 ± 0.0300 0.2229 ± 0.3135 −0.0484 ± 0.0324

Date: March 3, 2020.

1



2 W. KORSCH

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1
]2 [GeV2Q

0.0026−

0.0024−

0.0022−

0.002−

0.0018−

0.0016−

0.0014−

0.0012−

0.001−

3H
e

y
A

Helium-3 asymmetries

Figure 1. 3He quasi-elastic
asymmetries.
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Figure 2. Neutron quasi-
elastic asymmetries.

Resonance Regime: There is not much information available on A0
y in the resonance

regime. The only published data result from electron-proton scattering at SLAC [Roc+70]
and CEA [Che+68]. All data were taken at Q2 values < 1.0 GeV2, the corresponding x-
values were not reported. The data clearly indicate no Q2 dependence. A fit to a constant
yields: A0

y = −0.00271 ± 0.00699. There is one data point on the proton at Q2 = 2.40

GeV2 [Air+10], the reported value is −0.85 · 10−3± 1.50 · 10−3(stat)± 0.29 · 10−3(sys). No
data on the neutron yet??
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Figure 3. A0
y vs. Q2 for the proton in the resonance region.

DIS Regime: There are somewhat more data available in this regime than in the other
regimes. Figure 4 shows a summary of the neutron data found un the literature [Kat+14;
Zha+15]. The plot on the upper left side shows the Q2 vs. x coverage of the existing data.
The yellow rectangle is the approximate range that will be covered by the dn2 experiment.
Please note that these plots actually contain all existing neutron data, i.e. also quasi-elastic
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data (put at x = 1). The red points are quasi-elastic data and the blue points are DIS
data. There are also two different fits shown in the bottom two plots (a red line and a
magenta line). The red line is a simple first order polynomial fit to all the data and the
magenta line is a constant fit to the Q2 range which will be covered in dn2 .
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Figure 4. A0
y plots for the neutron in the QE + DIS regions.

The results for the first order polynomial fit which includes all Q2 data is shown in
Table 1 where we have A0

y(Q2) = slope · Q2 + constant. The corresponding asymmetries

evaluated at some typical Q2 values for dn2 are shown in Table 2.

neutron

constant ± error slope ± error

−0.01308 ± 0.00402 −0.00160 ± 0.00332

Table 1. Results from linear fit to neutron asymmetries.

A constant fit to the DIS data relevant for dn2 yields a asymmetry of An
y = −0.0323 ±

0.0082 which is obviously the same for all Q2 values.
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neutron

Q2 [GeV2] An
y ± dAn

Y

3 −0.0179 ± 0.0068

4 −0.0195 ± 0.0100

5 −0.0211 ± 0.0133

6 −0.0227 ± 0.0166

Table 2. Predicted neutron asymmetries at typical Q2 values for dn2 .
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Figure 5. A0
y plots for 3He in the DIS region.

Now to helium-3 asymmetries. The relevant data are displayed in Fig. 5.
The linear fit to the Q2 plot, A3He

y = slope ·Q2 + constant, yields a slopeof −0.00277 ±
0.00104 and a constant of 0.00129 ± 0.00183. Table 3 shows the predictions to the asym-
metries at typical Q2 values for dn2 . The second column in the table assumes a polarization
of 1 whereas the third column uses a normal polarization of 0.04. The 0.04 is based on the
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assumption that we have a holding field of 1 Gauss out of 25 Gauss in normal direction (P
= asin(1/25) = 1/25 = 0.04).

helium-3 direct

Q2 [GeV2] A3He
y ± dA3He

Y [P = 1] A3He
y ± dA3He

y [P = 0.04]

3 −0.0070 ± 0.0017 −2.80 · 10−4 ± 0.86 · 10−4

4 −0.0098 ± 0.0027 −3.92 · 10−4 ± 1.08 · 10−4

5 −0.0126 ± 0.0037 −5.04 · 10−4 ± 1.48 · 10−4

6 −0.0153 ± 0.0047 −6.12 · 10−4 ± 1.88 · 10−4

Table 3. Predicted normal asymmetries on helium-3 for P=1 and P=0.04.

As a cross check the helium-3 asymmetries can also be estimated by using just the
neutron and proton data as input. This is not expected to be very precise but at least it
give some more information. Following the paper of Katich et al. [Kat+14] the equation

A
3He
y = (1 − fp) · Pn ·An

y + fp · Pp ·Ap
y

in the large Q2 regime was used. The proton data include the resonance region from
CEA and SLAC as well as the two Q2 points from HERMES. fp is the proton dilution
factor. Katich quotes a range of 0.75 to 0.82 for fp with an error of less than 10%. Here
fp = 0.78± 0.08, Pn = 0.86± 0.028, and Pp = −0.028± 0.0065 were used for the estimate.

helium-3 using neutron and proton input

Q2 [GeV2] A3He
y ± dA3He

Y [P = 1] A3He
y ± dA3He

y [P = 0.04]

3 −0.0083 ± 0.0029 −2.44 · 10−4 ± 1.09 · 10−4

4 −0.0084 ± 0.0029 −2.46 · 10−4 ± 1.09 · 10−4

5 −0.0084 ± 0.0029 −2.48 · 10−4 ± 1.08 · 10−4

6 −0.0085 ± 0.0029 −2.50 · 10−4 ± 1.08 · 10−4

Table 4. Predicted normal asymmetries on helium-3 reconstructed from
neutron and proton data.
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3. Theory

There are basically two relevant theory papers by A. Afanasev et al. [ASW08] and A.
Metz et al. [Met+12]. Representative curves are shown in Fig. 6 which was taken from
Katich et al. [Kat+14] (Fig. 3 in that paper). 5

where ρ are the densities and σ are the unpolarized cross-
sections for each gas. The ratio of densities is taken from
the target cell filling data. The cross-section ratio is de-
termined experimentally by inelastic scattering from a
reference cell filled with known densities of either N2 or
3He. The dilution factors for BigBite measured for T1
and T6 triggers agree with each other. The final dilution
was determined by combining results from T1 and T6 ac-
cording to their statistical uncertainties, giving η ∼ 0.9
for all kinematics with an uncertainty of ∼ 2%. The di-
lution factor for the LHRS was determined to be 0.851
± 0.018. The 3He asymmetries from BigBite T1, T2 and
T6 triggers were extracted independently and were con-
sistent with each other within the statistical uncertainties
for each bin. The final 3He asymmetries were obtained
by combining the results from the T1, T2 and T6 asym-
metries according to their statistical uncertainties.

Neutron asymmetries were obtained from the 3He
asymmetries using the effective polarizations of the pro-
ton and neutron in polarized 3He using [23],

A
3He
y = (1− fp)PnAny + fpPpA

p
y (9)

Here, Pn = 0.86+0.036
−0.02 (Pp = −0.028+0.009

−0.004) is the effec-
tive neutron (proton) polarization [24].

The proton dilutions of 3He for BigBite, fp =
2σp
σ3He

,

were measured for the T1 and T6 triggers using the yields
from unpolarized hydrogen and 3He targets and are con-
sistent with each other. The final dilutions, which varied
between 0.75 − 0.82, with uncertainties of 0.02 − 0.08,
were determined by combining the T1 and T6 results ac-
cording to their statistical uncertainties. Neutron asym-
metries were calculated separately for each trigger type
and combined according to their statistical uncertainties.
The proton dilution for the LHRS was 0.715 ± 0.007.
A value of Apy = (0 ± 3) × 10−3 was used in Eqn. (9)
based on the HERMES measurements [16]. External ra-
diative corrections were applied to both the BigBite and
LHRS data using a Monte Carlo simulation that included
detailed modeling of geometry and material in the tar-
get and spectrometers. No correction was made on the
asymmetries since the radiative corrections to the two-
photon exchange process are not yet available and the
phase space of this measurement is limited.

The dominant systematic uncertainty for BigBite is
from background contamination, the largest of which is
from pair-produced electrons, see Table I. The π− con-
tamination in the T6 triggers ranges from 0.5 to 2.0%
(rel.) from the lowest to highest W bin, respectively. The
uncertainties on the contamination are ∼ 0.5%, which
were estimated using the difference between information
from the Monte Carlo simulation and contamination es-
timation based on data. Further details about these
corrections for the other two triggers (T1 and T2) can
be found in the appendix. The uncertainties associated
with backgrounds contribute to both the asymmetries
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FIG. 3. Neutron asymmetry results (color online). Left
panel: Solid black data points are DIS data (W > 2 GeV)
from the BigBite spectrometer; open circle has W = 1.72
GeV. BigBite data points show statistical uncertainties with
systematic uncertainties indicated by the lower solid band.
The square point is the LHRS data with combined statisti-
cal and systematic uncertainties. The dotted curve near zero
(positive) is the calculation by A. Afanasev et al. [11], The
solid and dot-dashed curves are calculations by A. Metz et
al. [12] (multiplied by −1). Right panel: The average mea-
sured asymmetry for the DIS data with combined systematic
and statistical uncertainties.

and dilution factors. The final results were extracted
taking into account the full correlation of these uncer-
tainties. Other BigBite systematic uncertainties include
the detector acceptance (1.2×10−4), detector response
drift (9×10−5), and livetime asymmetry (6×10−5). For
the LHRS, systematic uncertainties include the livetime
asymmetry (6×10−5) and tracking efficiency (7×10−5).
The correction to the LHRS asymmetry due to pair-
produced electrons is 1.56 ×10−4 with a 100% relative
uncertainty. Systematic uncertainties from the polar-
ized target include target polarization and misalignment
(5%), and luminosity fluctuations (1.2×10−5).

The 3He and neutron results are presented in Ta-
ble I along with the pair-produced electron contamina-
tion. Neutron results are shown in Fig. 3. The asym-
metry is generally negative and non-zero across the mea-
sured kinematic range. At the largest value of W , the
systematic uncertainty is quite large due to the uncer-
tainty in the pair-produced electron contamination. In
order to evaluate how much the data disfavors the zero-
asymmetry hypothesis in the DIS region, the average
asymmetry was calculated for the data with W > 2.0
GeV. Because the systematic uncertainties of the Big-
Bite points are mostly due to background contamination,

Figure 6. Some models for the asymmetry vs. W.

It seems the predictive power of these theories is not very useful since the general de-
scription of the data is not great. Maybe one can conclude that the asymmetries get smaller
with increasing W?

3.1. Implications for An
1 . The An

1 experiment plans to cover a kinematic range from
0.25 to 0.77 in xBj with a corresponding range from 2.43 GeV2 to 10.60 GeV2 in Q2 and
W > 2. Additional data will be taken with the HMS for 0.5 < xBj < 1.0 and 3.12 GeV2

< Q2 < 4.45 GeV2 in the quasi-elastic and resonance regime [Zhe+18]. The data in the
figures above indicate that the quasi-elastic normal asymmetry approaches a constant value
of −0.013 ± 0.004 (neutron) or −0.0020 ± 0.0003 (helium-3). The asymmetry in the DIS
region reaches −0.026+/−0.009 (helium-3) and −0.029±0.030 (1st order; (−0.032±0.008),
0th order) (neutron) at Q2 = 10 GeV2 assuming that one can extrapolate linearly from a
Q2 < 1 GeV2 region too such large Q2 (that’s a BIG IF).

4. Summary

Assuming the there is a 1 Gauss vertical field (with B0 = 25 Gauss), corresponding to a
target-normal polarization of 0.04, one could expect target-normal helium-3 asymmetries
of several times 10−4 in the Q2 range relevant for the d2 experiment. This could be as large
as ≈20% of some of the expected perpendicular asymmetries. A reduction of the vertical
field to the 0.2 - 0.3 Gauss level would be desirable for the dn2 experiment.
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