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Overview
--------
This document describes the processing, calibration, and validation of proton  (H+)and alpha (He++) energy spectra in the core solar wind as measured by the Solar Wind Ion Composition Spectrometer (SWICS) aboard the Advanced Composition Explorer (ACE). This new data product complements the existing ACE/SWICS datasets and extends the scientific utility of SWICS measurement to include new topics of research. 
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The SWICS Instrument 
--------------------
SWICS is an advanced time-of-flight, mass spectrometer capable of measuring the densities, bulk speeds, and thermal velocities of over 40 different charge states between the elements of H, He, C, N, O, Ne, Mg, Si, S, & Fe. The SWICS instrument has two measurement channels. The main channel (MAIN) uses a triple coincidence technique to identify the energy-per-charge (E/q), velocity, and total energy of incident ions E/q values in the range of 0.657 – 86.61 keV/e (~251 - 2890 km/s for He++). The benefits of the triple coincidence method are very low signal-to-noise ratios and a robust identification and separation of different ions. However, the E/q range and energy threshold of the main channel are unsuitable for measuring protons (H+) which compose the majority of solar wind plasmas. The auxiliary channel (AUX) accounts of this limitation by using a simpler, single coincidence method and is designed to measure solar wind protons and alphas with E/q values of 0.16 – 20.8694 keV/e (~174 – 2000 km/s for H+; ~123 – 1419 km/s for He++). More information about the design and nominal operations of SWICS can be found in Gloeckler et al., 1998.

Analysis Method
---------------
This work builds upon existing SWICS data processing pipelines, most notably the recent version 4 dataset which significantly improves the ion identification scheme for the MAIN channel (see Shearer et al. 2014 as well as the SWICS 1.1 data release notes found on the ACE Science Center). Below we briefly describe our method for obtaining energy spectra (i.e. velocity distribution functions) for protons and alphas over a large range of solar wind speeds. 

We begin by taking the 12 minute count rates in each E/q bin for the AUX channel. Background noise is removed from the count distribution by sampling data in E/Q bins far from the ion peaks and then applying a timestep-dependent threshold. It is important to note here that the base rates in the AUX channel contain two peaks: the larger one corresponds to protons and the second, smaller peak corresponds to alphas. Under normal conditions, this does not pose a problem for calculating bulk solar wind properties, since the peaks are separated by a factor of 4 (due to different q/m ratios). However, separating the high energy tail of the proton distribution from the lower energy tail of the alpha distribution provides some challenges. To circumvent this problem we utilize the capability of the MAIN channel to unambiguously identify alpha particles. 

We next take the 12 minute MAIN channel alpha (He++) count rates as determined by the SWICS v4.09 data processor and interpolate the distribution to the E/q bins locations of the AUX channel using a standard cubic spline. This step is necessary since the bin edges between the two channels are not perfectly aligned. Additionally, there is often a single bin offset between the locations of the AUX and MAIN alpha peaks. This occurs most often at low solar wind speeds and high aspect angles. When there is a bin offset, we compensate appropriately to ensure the most precise cross-channel alignment. We then scale the interpolated MAIN He distribution to the maximum value of the AUX alpha peak and subtract this scaled count distribution from the entire AUX distribution. 

This “cross-channel He subtraction method” neatly deconvolves AUX proton and alpha counts and results in the most complete proton distribution observable by SWICS. The last and final step is to convert counts to differential flux and correct for instrumental efficiencies and pointing effects using the same process as the level 2 SWICS data. The reported alpha values are from the unmodified MAIN channel count distributions. The above method cannot be used during time periods when MAIN channel alpha data is unavailable, such as after August of 2011 when SWICS experienced an age-induced hardware anomaly that necessitated switching to a different operational mode. At these times we report a truncated proton distribution including only 5 E/q bins on either side of the proton peak. This secondary method is equivalent to the method used for calculating current level 2 SWICS / AUX bulk proton parameters.

Data Products and Time Coverage
-------------------------------
[bookmark: _GoBack]This preliminary data release includes 12 minute proton and alpha measurements in units of differential flux [particles]/([cm^2]*[Sr]*[sec]*[MeV/nucleon]) as well as phase space density [particles/([cm^2]*[Sr]*[sec]*([km/s])^4)]). The data corresponds to the time period from February 1998 – December 2003.

Separate files are provided for protons and alphas. Each file has a total of 120 columns. Timestamps correspond to the START TIMES of each 12 minute scan and invalid data is filled with a value of -999.9. 

The format for the differential flux (diff. flux) files is as follows:

COLUMN NUMBER,  VARIABLE,            FORMAT

1               Year                 I4
2               Fractional Year      F13.8
3               Fractional DOY       F9.5
4               Data Quality Flag    I2
5 – 119 (odds)  Differential Flux    E12.3
6 – 120 (evens) Error in Diff. Flux  E11.4

The format for the phase space density (PSD) files is identical:

COLUMN NUMBER,  VARIABLE,            FORMAT
1               Year                 I4
2               Fractional Year      F13.8
3               Fractional DOY       F9.5
4               Data Quality Flag    I2
5 – 119 (odds)  Phase Space Density  E12.3
6 – 120 (evens) Error in PSD         E11.4

The last 116 columns of each file contains paired measurement (odd numbered columns) and error values (even numbered columns) in each of the 58 E/q bins measured by SWICS. The central MeV/nucleon (or velocity) value for each bin is given in the file headers. The ranges for each ion species are listed below. Please note that the bins are logarithmically spaced.

Protons (Diff. Flux) -->  1.583e-04 – 2.087e-02 MeV/nuc.
Protons (PSD) -->  174.15 – 1999.52 km/s
Alphas (Diff. Flux) -->  6.570e-04 – 8.661e-02 MeV/nuc.
Protons (PSD) -->  251.73 – 2890.24 km/s

Tables containing the full lower, mean, and upper velocity and energy ranges in each E/q bin are provided as appendices at the bottom of this document. Gaps in the measurement space (also known as bandpass gaps) are accounted for during the calibration step (see below). Note: under normal solar wind conditions, ions are rarely observed in the lowest energy and velocity bins.

Calibration and Statistical Errors
----------------------------------
The reported measurement values include adjustments for all instrumental effects such as pointing direction, geometric factor, bandpass coverage, and spacecraft spin. Additionally, a speed-dependent cross-calibration factor has been applied. This factor is based on comparisons with solar wind data from Wind/SWE and was determined by the ACE/SWICS science team as part of the validation process for the level 2, version 4 dataset. Error values were calculated using the statistical uncertainty of sqrt(N) (i.e. basic counting errors) and then converted to units of differential flux or phase space density (as appropriate). The reported error values have also been adjusted with all the calibration factors described above.
Quality Flags
-------------
A set of quality flags have been provided to indicate the operations and adjustments made by our processor
VALUE	, DESCRIPTION

0	  Good quality data
1	  Cross-channel peak alignment used
2	  No valid MAIN channel alpha data available.
         Limited high energy tails retrieved for AUX protons
-1     Missing or invalid data (data filled with a value of -999.9)
Validation Plots
----------------
A set of 30-day overview plots have been provided as an aid for analysis and event selection. These plots show (from top to bottom) solar wind speed, data quality flag, AUX nH, AUX proton counts, AUX proton differential flux, MAIN nHe, MAIN alpha counts, and MAIN alpha differential flux. Interplanetary Coronal Mass Ejections (ICMEs) from the list produced by Richardson and Cane (2010) are indicated by vertical solid red (start) and dashed orange (end) lines. These plots are intended to give a quick overview of the data and should not be used in publications. 

Release History
---------------
v1.0  Jan 29th, 2016  Initial Release
v1.5  Apr 29th, 2016  Improved noise removal, corrected diff. flux units, and  produced secondary files in units of phase space density.
v1.6  Jul 12th, 2016  Minor improvement to peak selection method under unusual solar wind conditions. Added appendices A & B.
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Appendix A: Proton Velocity and Energy Ranges in each E/q bin
-------------------------------------------------------------
# ACE / SWICS Auxiliary Channel
# Proton Velocity and Energy Ranges in each E/q bin
# 
#           Velocity range [km/s]            Energy range [MeV/nuc.]
# Bin #, Lower,     Mean,    Upper,      Lower,       Mean,      Upper
01       171.87    174.15    176.39     1.542e-04   1.583e-04   1.624e-04
02       178.16    180.52    182.85     1.657e-04   1.701e-04   1.745e-04
03       184.69    187.14    189.55     1.780e-04   1.828e-04   1.876e-04
04       191.44    193.97    196.48     1.913e-04   1.964e-04   2.015e-04
05       198.42    201.05    203.65     2.055e-04   2.110e-04   2.165e-04
06       205.67    208.40    211.09     2.208e-04   2.267e-04   2.326e-04
07       213.20    216.03    218.82     2.373e-04   2.436e-04   2.499e-04
08       220.98    223.91    226.80     2.549e-04   2.617e-04   2.685e-04
09       229.06    232.10    235.10     2.739e-04   2.812e-04   2.885e-04
10       237.42    240.57    243.68     2.942e-04   3.021e-04   3.100e-04
11       246.11    249.37    252.59     3.162e-04   3.246e-04   3.330e-04
12       255.08    258.46    261.80     3.396e-04   3.487e-04   3.578e-04
13       264.42    267.92    271.39     3.650e-04   3.747e-04   3.844e-04
14       274.09    277.72    281.31     3.921e-04   4.026e-04   4.131e-04
15       284.08    287.85    291.57     4.213e-04   4.325e-04   4.437e-04
16       294.47    298.37    302.23     4.526e-04   4.647e-04   4.768e-04
17       305.23    309.28    313.28     4.863e-04   4.993e-04   5.123e-04
18       316.37    320.56    324.71     5.225e-04   5.364e-04   5.503e-04
19       327.95    332.30    336.59     5.614e-04   5.764e-04   5.914e-04
20       339.94    344.45    348.90     6.032e-04   6.193e-04   6.354e-04
21       352.36    357.04    361.65     6.481e-04   6.654e-04   6.827e-04
22       365.24    370.08    374.86     6.963e-04   7.149e-04   7.335e-04
23       378.58    383.60    388.56     7.481e-04   7.681e-04   7.881e-04
24       392.40    397.60    402.74     8.037e-04   8.252e-04   8.467e-04
25       406.76    412.15    417.48     8.636e-04   8.867e-04   9.098e-04
26       421.63    427.22    432.74     9.279e-04   9.527e-04   9.775e-04
27       437.03    442.83    448.55     9.970e-04   1.024e-03   1.050e-03
28       452.99    459.00    464.92     1.071e-03   1.100e-03   1.128e-03
29       469.55    475.78    481.93     1.151e-03   1.182e-03   1.212e-03
30       486.71    493.16    499.53     1.236e-03   1.270e-03   1.303e-03
31       504.50    511.19    517.79     1.329e-03   1.364e-03   1.399e-03
32       522.93    529.86    536.71     1.427e-03   1.466e-03   1.504e-03
33       542.05    549.23    556.33     1.534e-03   1.575e-03   1.616e-03
34       561.86    569.31    576.66     1.648e-03   1.692e-03   1.736e-03
35       582.39    590.11    597.73     1.770e-03   1.818e-03   1.865e-03
36       603.67    611.68    619.58     1.902e-03   1.953e-03   2.004e-03
37       625.73    634.02    642.21     2.044e-03   2.098e-03   2.153e-03
38       648.60    657.20    665.69     2.196e-03   2.254e-03   2.313e-03
39       672.30    681.22    690.02     2.359e-03   2.422e-03   2.485e-03
40       696.87    706.11    715.23     2.535e-03   2.603e-03   2.670e-03
41       722.34    731.92    741.37     2.724e-03   2.796e-03   2.869e-03
42       748.74    758.67    768.46     2.926e-03   3.004e-03   3.083e-03
43       776.10    786.39    796.55     3.144e-03   3.228e-03   3.312e-03
44       804.46    815.12    825.65     3.378e-03   3.468e-03   3.558e-03
45       833.85    844.91    855.82     3.629e-03   3.726e-03   3.823e-03
46       864.33    875.79    887.11     3.900e-03   4.004e-03   4.108e-03
47       895.91    907.79    919.52     4.190e-03   4.302e-03   4.413e-03
48       962.60    975.36    987.96     4.837e-03   4.966e-03   5.095e-03
49      1034.23   1047.95   1061.48     5.583e-03   5.732e-03   5.881e-03
50      1111.21   1125.95   1140.49     6.445e-03   6.618e-03   6.790e-03
51      1193.91   1209.74   1225.37     7.440e-03   7.639e-03   7.838e-03
52      1282.77   1299.78   1316.57     8.589e-03   8.818e-03   9.048e-03

53      1378.24   1396.51   1414.55     9.915e-03   1.018e-02   1.044e-02
54      1480.82   1500.45   1519.83     1.145e-02   1.175e-02   1.206e-02
55      1591.02   1612.12   1632.94     1.321e-02   1.357e-02   1.392e-02
56      1709.44   1732.10   1754.48     1.525e-02   1.566e-02   1.607e-02
57      1836.66   1861.02   1885.05     1.761e-02   1.808e-02   1.855e-02
58      1973.36   1999.52   2025.35     2.033e-02   2.087e-02   2.141e-02




Appendix B: Alpha Velocity and Energy Ranges in each E/q bin
-------------------------------------------------------------
# ACE / SWICS Main Channel
# Alpha Velocity and Energy Ranges in each E/q bin
# 
#           Velocity range [km/s]            Energy range [MeV/nuc.]
# Bin #, Lower,     Mean,    Upper,      Lower,       Mean,      Upper
01       247.67    251.73    255.73     6.360e-04   6.570e-04   6.780e-04
02       256.72    260.93    265.07     6.833e-04   7.059e-04   7.285e-04
03       266.11    270.47    274.76     7.342e-04   7.585e-04   7.827e-04
04       275.83    280.35    284.80     7.888e-04   8.149e-04   8.410e-04
05       285.91    290.60    295.21     8.475e-04   8.756e-04   9.036e-04
06       296.36    301.22    306.00     9.106e-04   9.407e-04   9.708e-04
07       307.19    312.23    317.18     9.784e-04   1.011e-03   1.043e-03
08       318.42    323.64    328.77     1.051e-03   1.086e-03   1.121e-03
09       330.05    335.46    340.79     1.129e-03   1.167e-03   1.204e-03
10       342.11    347.72    353.24     1.214e-03   1.254e-03   1.294e-03
11       354.62    360.43    366.15     1.304e-03   1.347e-03   1.390e-03
12       367.58    373.60    379.53     1.401e-03   1.447e-03   1.493e-03
13       381.01    387.26    393.40     1.505e-03   1.555e-03   1.605e-03
14       394.93    401.41    407.78     1.617e-03   1.671e-03   1.724e-03
15       409.37    416.08    422.68     1.738e-03   1.795e-03   1.852e-03
16       424.33    431.28    438.13     1.867e-03   1.929e-03   1.990e-03
17       439.83    447.04    454.14     2.006e-03   2.072e-03   2.138e-03
18       455.91    463.38    470.74     2.155e-03   2.226e-03   2.298e-03
19       472.57    480.32    487.94     2.315e-03   2.392e-03   2.469e-03
20       489.84    497.87    505.77     2.488e-03   2.570e-03   2.652e-03
21       507.74    516.06    524.26     2.673e-03   2.761e-03   2.850e-03
22       526.29    534.92    543.41     2.872e-03   2.967e-03   3.062e-03
23       545.53    554.47    563.27     3.086e-03   3.188e-03   3.290e-03
24       565.46    574.73    583.86     3.315e-03   3.425e-03   3.534e-03
25       586.13    595.74    605.19     3.562e-03   3.680e-03   3.797e-03
26       607.55    617.51    627.31     3.827e-03   3.954e-03   4.080e-03
27       629.75    640.08    650.24     4.112e-03   4.248e-03   4.384e-03
28       652.77    663.47    674.00     4.418e-03   4.564e-03   4.710e-03
29       676.62    687.71    698.63     4.747e-03   4.904e-03   5.061e-03
30       701.35    712.85    724.16     5.100e-03   5.269e-03   5.437e-03
31       726.98    738.90    750.63     5.480e-03   5.661e-03   5.842e-03
32       753.55    765.90    778.06     5.887e-03   6.082e-03   6.277e-03
33       781.09    793.89    806.49     6.326e-03   6.535e-03   6.744e-03
34       809.63    822.90    835.97     6.796e-03   7.021e-03   7.246e-03
35       839.22    852.98    866.52     7.302e-03   7.544e-03   7.785e-03
36       869.89    884.15    898.18     7.846e-03   8.105e-03   8.364e-03
37       901.68    916.46    931.01     8.430e-03   8.708e-03   8.987e-03
38       934.63    949.95    965.03     9.057e-03   9.356e-03   9.656e-03
39       968.79    984.67   1000.30     9.731e-03   1.005e-02   1.037e-02
40      1004.19   1020.65   1036.85     1.046e-02   1.080e-02   1.115e-02
41      1040.89   1057.95   1074.75     1.123e-02   1.160e-02   1.198e-02
42      1078.93   1096.62   1114.02     1.207e-02   1.247e-02   1.287e-02
43      1118.36   1136.69   1154.73     1.297e-02   1.340e-02   1.383e-02
44      1159.23   1178.23   1196.93     1.393e-02   1.439e-02   1.485e-02
45      1201.59   1221.29   1240.68     1.497e-02   1.546e-02   1.596e-02
46      1245.50   1265.92   1286.02     1.608e-02   1.662e-02   1.715e-02
47      1291.02   1312.18   1333.01     1.728e-02   1.785e-02   1.842e-02
48      1387.10   1409.84   1432.22     1.995e-02   2.061e-02   2.127e-02
49      1490.34   1514.77   1538.82     2.303e-02   2.379e-02   2.455e-02
50      1601.26   1627.51   1653.35     2.658e-02   2.746e-02   2.834e-02
51      1720.43   1748.64   1776.40     3.069e-02   3.170e-02   3.272e-02
52      1848.48   1878.78   1908.61     3.543e-02   3.660e-02   3.777e-02
53      1986.05   2018.61   2050.66     4.090e-02   4.225e-02   4.360e-02
54      2133.87   2168.85   2203.28     4.721e-02   4.877e-02   5.033e-02
55      2292.68   2330.27   2367.26     5.450e-02   5.630e-02   5.810e-02
56      2463.31   2503.70   2543.44     6.291e-02   6.499e-02   6.707e-02
57      2646.65   2690.04   2732.74     7.263e-02   7.503e-02   7.743e-02
58      2843.62   2890.24   2936.12     8.384e-02   8.661e-02   8.938e-02
