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1 Introduction

Experiment E97-110 measured asymmetries for polarized electron scattering off polarized
3He at very low Q2. To estimate the dilution caused by ∼1% unpolarized N2 mixed in the
3He cell, data were taken on a reference cell filled with N2. The N2 dilution factor fN2 [1] is
given by

1 − fN2 =
NN2

N3He
=

σN2

σ3He

nN2

n3He
, (1)

where NN2 (N3He) is the N2 (3He) yield, σ3He is the 3He cross section from the polarized
3He cell data, σN2 is the N2 cross section from reference cell N2 data, and nN2 (n3He) is the
N2 (3He) density inside the polarized 3He cell under running conditions. Since temperature
affects both N2 and 3He densities of the cell in the same way, one can use fill density
measurement results (performed at room temperature) and the N2 fill density measured
when the cell was made (also given at room temperature). The cross sections σHe3 and σN2

were obtained from data with exactly the same acceptance, W3He, and particle identification
(PID) cuts.

There are two methods to determine nN2 from elastic data. The first method compares
the N2 elastic peaks in the reference cell and the polarized target cell. The second method
measures the N2 pressures versus its yields. Details will be discussed in the following
sections.

2 N2 elastic peak

One can compare the N2 elastic peaks in the reference cell and the polarized 3He cell to
determine the N2 density inside 3He cell. The ratio of these two peaks gives us the ratio of
N2 density of the reference cell to that of the polarized 3He “proteus” cell. The N2 elastic
peak can be separated from 3He elastic peak as shown in Fig. 1 using cut W3He−M3He < 0.0
GeV/c2 where W3He is the invariant mass of 3He nucleus. The N2 density in 3He cell can
be determined by

nN2,proteus =
NN2,proteus

NN2,ref.cell
nN2,ref.cell. (2)
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Applying cuts on the two runs (2082: reference cell, 2087: 3He cell), we get NN2 = 39369
(nb) and N3He = 1148 (nb), which gives us the ratio is 0.029. The N2 density of reference
cell is 5.090 amg, thus the N2 density inside Proteus is 0.14842 amg.
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Figure 1: W3He−M3He spectrum for 3He target. Green is the raw 3He run (2087), Magenta
is the spectrum with subtracted glass contribution, and Black is the clean one from a
reference cell run (2082) after glass subtraction. A shift of ∼0.3 MeV is applied to the
nitrogen spectrum due to thicker radiation length in reference cell compared to that of the
3He cell. In this plot, analysis cuts are applied.

3 N2 Pressure Curve

The reference cell and the polarized target cell have almost identical lengths, so the ac-
ceptance almost the same in both cases. Due to difference in glass thickness and gaseous
density inside the reference cell and the polarized cell, a shift is applied to the elastic peaks
before applied a cut to W spectra. The yield is calculated [2] by

Yield =
PS1

Q ∗ LT ∗ εdet
Nacc, (3)

where PS1 is the prescale factor on T1 event, Q is the charge, LT is livetime, εdet is the
product of all detector efficiencies, and Nacc is the number of events passing all the cuts.
The N2 reference cell elastic data were taken with different pressures. The applied cuts are:
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• Only track event only (R.tr.n = 1)

• T1 trigger event

• PID cut: Cherenkov

• Acceptance cut: this acceptance cut is defined in [3]

• 2D cut on reconstructed angles, as shown in Table. 1

• Cut on W3He −M3He < 0.0.

Table 1: Angles cuts applied on experimental and simulated data

φtg (rad) θtg (rad)

1 0.013583 0.044397

2 0.010217 0.031207

3 -0.003288 0.035808

4 0.000470 0.046288)

Table 2: Normalization factors for N2 and 3He cell. Wshift is the value of the shift in
W3He −M3He

spectrum to align all elastic peaks before applying an invariant mass cut.
Run num Target (psig) PS1 LT εdet Q (uC) Wshift (MeV) Yield (nb)

2080 Empty ref. 1 0.9225 0.9782 1313.7

2081 N2 ref. (29) 6 0.9948 0.9643 2344.0 0.41 650.4

2082 N2 ref. (73) 12 0.9954 0.9495 2645.3 0.47 1234.6

2083 N2 ref. (110) 16 0.9952 0.9375 2370.8 0.75 1767.5

2085 N2 ref. (147) 20 0.9949 0.9267 2497.5 0.84 2284.2

2087 Proteus 3He 2 0.9812 0.9781 5788.4 0.11 37.8

Fig. 2 shown a N2 pressure curve from reference cell runs (2081, 2082, 2083, 2085) with

N2 pressure 29, 73, 110, and 147 psig1. Data are plotted as σdatac,refcell =
σMC
Proteus

σMC
refcell

, where the

simulation cross sections [4] are given in Table. 3. These results are used to correct for
the fact that radiative corrections are different for different N2 densities and different glass
thicknesses between Proteus and the reference cell, see Table. 4.

Due to poor reconstructed ytarget, we cannot get an accurate yield for empty cell run
(2080). Hence, we assume that at vacuum, yield fron N2 is zero. The non-zero yield from the
glass window is nearly common to the reference cell and Proteus, and need to be subtracted.

1Numbers are from data taking logbook.
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Hence the vacuum run fixes the zero reference point for the pressure study. Pressure curve
was fitted using this zero point as well. This gives

p(atm) = 0.00484(±4.9 × 10−5) ∗ yield − 0.06088(±0.07805) (4)

where yield is in nbarn, and the pressure is in atm. The numbers in brackets are the
errors on the fit parameters. The N2 pressure in Proteus is determined by its N2 elastic
yield, shown as the black dot in Fig. 2. It gives 0.122 atm at 320 K, which is equivalent
to nN2 = 0.104 ± 0.002 amg at 273 K. The filling density of Proteus is 0.0914 amg. The
two results differ by 15%, which is reasonable from the fit uncertainty and the statistic
uncertainty, and the pressure uncertainty.
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Figure 2: N2 pressure curve. The triangle data are the results from the nitrogen reference
cell filled at different pressures. The circle data is the N2 elastic yield from the Proteus
cell at 320 K. Each data is given with uncertainty in pressure is 0.1 atm. The pressure is
molecule pressure.

4 Dilution

From Eq. 1, with nN2 = 0.105∗2 amg, n3He = 7.870 amg, σ3He = 10314 nb, and σc,refcell =
22598 nb, the dilution factor for cell “Proteus” (elastic) is:

f = 0.9415 ± 0.1412. (5)
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5 Radiative correction

Table 3: Radiation lengths used in the simulation. For the Proteus cell, the radiation length
used is the radiation length of the polarized cell (3He and 1% N2). For the rest, the radiation
length is only N2 density. The radiation length included 2.0 cm of ice that formed on the
septum vacuum window. Xbef

0 and Xaft
0 are the incoming, outgoing radiation lengths. dbef0 ,

and daft0 are the average densities of incoming, outgoing material.

Run Pressure (psig/amg) Xbef
0 Xaft

0 dbef0 daft0 σMC (nb)

2081 29/2.536 3.264x10−3 6.003x10−2 0.1223 2.1760 17381

2082 73/5.090 4.882x10−3 6.129x10−2 0.1838 2.2240 17062

2083 110/7.239 6.243x10−3 6.235x10−2 0.2355 2.2644 16587

2085 147/9.387 7.603x10−3 6.342x10−2 0.2871 2.3078 16291

2087 1.955x10−3 5.763x10−2 0.0827 2.1082 17856

Table 4: Cell wall thickness information

Cell Small entrance window (mm) Exit point of cone window (mm)

Proteus 0.127 0.234

Proust (ref. cell) 0.133 0.384
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