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Revision History

12/19/00 During commissioning, it was found that alarge peak can be observed in the
lowest channel, and during time periods with a high oxygen flux, thereis a second peak
below the proton peak which seemsto be correlated with the O+ flux. It is probably dueto
ions with atime-of-flight greater than the allowed 200 nsfrom the long O+ tail. To keep
these spurious peaks from being counted with the protons, a threshold below the H+ peak
wasintroduced. This had always been alowed in the on-board software, but had never been
set to anything above zero. 1n addition, the threshold tables used to distinguish between
species are dightly different from those originally documented. These changes have been
incorporated into this new document. The calibration information for FM5 has not been
updated, asit islikely that this unit will not operate.

Introduction

The mass resolution of the CODIF instrument is defined by the resolution in time-of-flight.
The width of the peaksin time-of-flight is determined by the spread in energy that results
from energy lossin the carbon foil and any noisein the time-of-flight electronics. Because
the energy lossis statistical process, ions which enter the foil with one energy come out with
arange of energies. The percentage of energy lost isthe worst for low-energy ions and
heavy ions. The éectronic noise isindependent of ion energy.

To determine the mass on-board, the on-board processer bins the data using atable that
contains 6 threshold values for each energy (127 energy steps), T1—T6. For each event,
the time-of-flight channel (TOF) is compared with the thresholds and the ion is binned
according to the following:

If T1< TOF <T2 ThenH+

If T2< TOF <T3 Then Het++
If T3< TOF <T4 ThenHet+
If T5<TOF <T6 Then O+

Note that TOF values between T4 and T5, and values greater than T6 are not assigned to
any species. Thefollowing will discuss how the threshol ds are determined, and how much
of each speciesis contained in each bin. The threshold tablesto be used in flight are listed
in Appendix 1, tables 6-9.

FM5 TOF resolution

Figure 1 shows the time-of-flight spectra over arange of energiesfor FM5. Thisfigureis
assembled from many data sets using individual species. The H+ He+ and O+ datais
from the last FM5 calibration in Oct. 1999. Because no Het+ data was taken during this
trip, the He++ datais from a 1998 cdlibration of FM5. The relative heights of the peaks
depend on the beam intensity and length of the run, and so have no significance for this
analysis.

As discussed above, the width of the peaks is effected by the energy loss and scattering in
the carbon foil, and noisein the time-of-flight circuit. Becausethelossin the carbon foil is
asmaller fraction of the total energy, the peaks should get narrower with energy. Thisis
evident in the O+ peaks, but is not so clear for the lower mass peaks. One reason for thisis
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that thereis a significant difference between the locations of the peaks for different
positions. Thisis shown in Figure 2, which shows the H+ peak for the HS and L S data at
two energies, 15 keV total and 50 keV total. On the HS side, there is a systematic difference
between positions. For example PF 6 aned 7 are consistently highin TOF, and PF 1 and 5
are congistently low. On the LS sideis more consistent, with only PF 13 falling dlightly
lower than the others. The HS peaks are also consistently wider than the LS peaks. Thisis
probably due to dightly higher noise in the HS time-of-flight circuitry.

Because the peaks move closer together with energy, but the width of the low-massions
does not significantly improve, there are more problems with overlapping peaks, and
therefore worse mass resolution, at high energies. The bin with the most overlap with other
speciesisthe Het++ bin. A quantitative analysis of the spill-over between binsis shownin
figure 3. Each panel showsthe fraction of a particular species which fallsinto each bin.
There are two points to notice in these figures. Firg, it isimportant to get a high percentage
of anioninto the correct bin. But second, it isimportant to keep the spill-over from H+ as
low as possible. Because H+ is by far the dominant species, even asmall percent of



Counts Per Channel, 15 keV

200
3000 A 180
£ 2500 160
< 140
2000 -
3 120
© 1500 1 100
2 80
§ 1000 60
< =
500 ——- 40
. 20
0 ke L L —_—— L L S — — 0
0o 10 50 60 70 80 90 100 110 120 130 190 200
Channel Number
Counts Per Channel, 20 keV
1000 200
900 180
800 160
£
S 700 140
8 600 120
» 500 100
g 400 80
g 300 60
200 40
100 B 20
o4 —ai 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115120 125130 135 140
Channel Number
Counts Per Channel, 30 keV
1200 200
. 180
1000 \
» 160
§ 800 140
8 120
o 600 100
g 400 80
E ‘ _ 60
200 f 40
B - 20
0 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110115 120125 130 135 140
Channel Number
Counts Per Channel, 40 keV
< 200
1400 C‘\ 180
» 1200 160
£
5 1000 I 140
3 120
800 |
° 100
g 600 ) 80
3
Z 400 60
40
200 o 20
0 - e 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100105110 115120 125130 135 140
Channel Number
Counts Per Channel, 50 keV
1800 " 500
1600 I L 450
© 1400 | - 400
g 1200 : [ 350
© 1000 - 300
° | - 250
S 800 ‘ - 200
5 600
g - 150
< 400 L 100
200 B _ - 50
0 amus 0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105110115120 125130 135 140

Channel Number

Figure 1. FM5 time-of-flight spectra for the four major species at 4 energies. The spectra
are averaged over al positions. The lines show the threshol ds used to distinguish species.
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spillover from H+ into the Het++ bin can effect the He++ measurement. In this case, at the
low energy end, H+ has only about 2% spilling over into the He++ bin. At the higher
energies thisincreases to about 4%. For Het++, only 65% fallsinto the bin at high
energies. Thisis because the threshold was set to minimize the H+ in the bin. For O+, the
fraction that falls into the O+ bin was kept low at low energies to reduce the background in
thebin. At 15 keV, the O+ hasalong tail extending to high TOF-channels. The
background from accidental coincidencesin abinis proportiona to the number of TOF
channelsin the bin, so there is an advantage to keeping anarrow bin, even if some of the real
signa islost. The numberswhich go into the Figure 3 are given in table 1.

Table 1. Spillover between speciesfor FM5.

Species Total Proton Alpha Helium Mid Oxygen Last
Ergy Ratio Ratio Ratio Ratio Ratio Ratio

H+ 15 0.978 0.018 0.002 0.001 0.001 0.001
H+ 20 0.971 0.024 0.002 0.001 0.001 0.001
H+ 30 0.948 0.032 0.012 0.003 0.002 0.003
H+ 40 0.933 0.033 0.027 0.002 0.002 0.003
H+ 50 0.909 0.044 0.035 0.003 0.003 0.006

He++ 15 0.027 0.915 0.055 0.004 0.000 0.000
He++ 20 0.071 0.824 0.099 0.006 0.000 0.000
He++ 30 0.166 0.698 0.133 0.002 0.001 0.000
He++ 40 0.205 0.647 0.139 0.001 0.003 0.005
He++ 50 0.209 0.660 0.122 0.004 0.003 0.004

He+ 15 0.003 0.025 0.940 0.026 0.003 0.003
He+ 20 0.003 0.025 0.950 0.018 0.002 0.002
He+ 30 0.009 0.031 0.943 0.012 0.002 0.003
He+ 40 0.013 0.025 0.942 0.014 0.002 0.004
He+ 50 0.020 0.038 0.927 0.010 0.002 0.003
O+ 15 0.003 0.000 0.001 0.056 0.698 0.241
O+ 20 0.003 0.000 0.001 0.064 0.763 0.169
O+ 30 0.003 0.001 0.001 0.071 0.811 0.112
O+ 40 0.003 0.001 0.002 0.067 0.850 0.078
O+ 50 0.002 0.002 0.003 0.095 0.842 0.056

FM6 TOF resolution

Figure 4 shows the TOF spectrafor the four major speciesfor FM6. For FM6, there were
no samples taken at 15 keV total, so only peaksfor 20-50 keV are shown. While the peak
locations and width are very similar to FM5, the quantitative analysisis hampered by the
contamination in the beam, for both H+ and He++. The H+ runs show a second peak at
about twice the time-of-flight, which is most likely H,+ at the same energy/charge.
Similarly, the Het++ also shows a second peak at about twice the time-of-flight. Thisis
most likely He+. Thisadditional peaks in the adjacent species where we are trying to
determine the spillover make quantitative analysis difficult. Figure 5 shows the spillover
results. The calculated spillover values are most likely worse than the real spillover.
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are averaged over all positions. The lines show the thresholds used to distinguish species.
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Table 2. Spillover between speciesfor FM6.

Species Total < H+ H He++ He+ Mid O+ >0+
Ergy

H+ 20 0.015 0.748 0.123 0.014 0.007 0.027 0.067
H+ 30 0.022 0.765 0.13 0.015 0.006 0.009 0.052
H+ 40 0.036 0.784 0.089 0.026 0.008 0.006 0.052
H+ 50 0.075 0.741 0.061 0.057 0.009 0.006 0.049
He++ 15 0.003 0.121 0.699 0.16 0.017 0 0
He++ 20 0.002 0.058 0.834 0.097 0.008 0.002 0
He++ 30 0.001 0.072 0.716 0.173 0.025 0.013 0
He++ 50 0 0.111 0.594 0.238 0.031 0.007 0.018
He+ 20 0.001 0.004 0.018 0.919 0.047 0.004 0.007
He+ 30 0.001 0.004 0.048 0.898 0.039 0.004 0.007
He+ 40 0.001 0.01 0.069 0.86 0.05 0.004 0.007
He+ 50 0.002 0.014 0.079 0.836 0.057 0.004 0.009
O+ 20 0.001 0.002 0.002 0.001 0.025 0.766 0.202
O+ 30 0.001 0.002 0.001 0.001 0.047 0.827 0.122
O+ 40 0.001 0.001 0.001 0.001 0.054 0.852 0.09
O+ 50 0.001 0.001 0.001 0.001 0.058 0.864 0.074

FM7 TOF resolution

Figures 6 and 7 show the time-of-flight spectra and the spill-over between binsfor FM7.
Table 3 shows the data which goesinto Figure 6. The results here are very similar to the

FM5 results.
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Table 3. Spillover between speciesfor FM7.

Species Total <H+ H+ He++ Het mid O+ >0+
Ergy

H+ 15 0.007 0.952 0.035 0.003 0.001 0.001 0.001
H+ 20 0.009 0.896 0.061 0.004 0.001 0.003 0.022
H+ 30 0.026 0.917 0.039 0.003 0.001 0.001 0.011
H+ 40 0.046 0.91 0.028 0.005 0.002 0.001 0.009
H+ 50 0.108 0.836 0.038 0.007 0.002 0.001 0.008
He++ 15 0.001 0.042 0.832 0.121 0.004 0 0
He++ 20 0.001 0.056 0.819 0.098 0.006 0 0.01
He++ 30 0 0.127 0.802 0.057 0.004 0.001 0.003
He++ 40 0.001 0.2 0.714 0.069 0.003 0.004 0.007
He++ 50 0 0.125 0.756 0.09 0.016 0.004 0.007
He+ 15 0.001 0.004 0.009 0.929 0.048 0.005 0.004
He+ 20 0.001 0.002 0.011 0.934 0.041 0.003 0.006
He+ 30 0.001 0.005 0.045 0.919 0.024 0.002 0.005
He+ 40 0.001 0.012 0.07 0.883 0.026 0.002 0.005
He+ 50 0.003 0.018 0.088 0.857 0.027 0.002 0.005
O+ 15 0.001 0.002 0.001 0.001 0.027 0.692 0.276
O+ 20 0.001 0.002 0.004 0.001 0.015 0.733 0.244
O+ 30 0.001 0.001 0.002 0.001 0.027 0.838 0.131
O+ 40 0 0.001 0.001 0.001 0.032 0.874 0.091
O+ 50 0.001 0.001 0 0.001 0.047 0.886 0.064

FM8 TOF resolution

For FM8, the HS and the L S sides have dightly different time-to-channel number
conversions, so that the peak locations are different on the two sides. Figures 8 and 9 show
the time-of-flight spectra and the spill-over between bins for the HS side FM 8, assuming
the same threshold tables as were used for the other models. Figure 9 and 10 show the
same information for the LS side. There was no He++ datafor the LS side. But since the
LS peaksfor the other species arein essentially identical locations as the FM5 peaks, we
have added the He++ datafrom FM5 to guide the eye. Note that the standard thresholds
work fineonthe LS side. Onthe HS side, however, the thresholds cut severely into the
He++ peak, particularly at high energies. The LS side will be used predominantly in the
magnetosheath and solar wind, where the distribution is dominated by low energy (~1 keV)
solar wind ions. Thusit is most critical to be able to separate H+ and He++ at low
energies. Thusthe current low-energy thresholds should be maintained. The HS side will
be used in the magnetosphere, where the population tends to be higher energy. Thusit
would be better to optimize the higher energy data points for the HS side.

In order to be able to separate H+ and He++ on the Low Side (LS) at low energies, and to
have good separation on the high side at all energies, afew changes were made to the
standard tables. The He++ bin at low energies was narrowed, to decrease the overlap with
Het on the High Side while maintaining good separation onthe LS. At high energies, the
thresholds were all shifted to lower times-of-flight to give good separation for all specieson
the HS. The TOF peaks with the new thresholds are shown in figures 12 and 13. Figures
14 and 15 show the new calculations of spillover between species. And the valuesfor the
spillover using the new tables are given in tables 4 and 5.
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FM8 HS 15 keV
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Figure12. FM8 TOF pesks on the HS, using the new thresholds.
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FM8 LS 15keV
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Figure 13. FM8 TOF peaks on the LS, using the new thresholds.
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FM8 lon Spillover
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Figure 14. FM8 HS fraction of each ion species which is classified into each bin using the

new thresholds.
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FM8 lon Spillover
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Figure 15. FM8 LS fraction of each ion specieswhich is classified into each bin using the

new thresholds.
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Table 4. Spillover between speciesfor FM8, HS.

Species Energy <H+ H+ Het++ He+ mid O+ >0+
H+ 15 0 0.984 0.009 0.004 0.002 0.001 0.001
H+ 20 0 0.981 0.011 0.003 0.002 0.001 0.001
H+ 30 0 0.974 0.014 0.006 0.002 0.002 0.003
H+ 40 0 0.949 0.032 0.009 0.004 0.002 0.004
H+ 50 0 0.919 0.051 0.017 0.005 0.003 0.006
He++ 15 0 0.36 0.531 0.099 0.006 0.003 0.003
He++ 20 0 0.267 0.59 0.122 0.017 0.003 0.002
He++ 30 0 0.28 0.574 0.132 0.006 0.007 0.001
He++ 40 0 0.232 0.62 0.122 0.009 0.011 0.005
He++ 50 0 0.286 0.522 0.165 0.01 0.009 0.008
He+ 15 0 0.004 0.019 0.942 0.028 0.004 0.003
He+ 20 0 0.005 0.041 0.924 0.025 0.003 0.003
He+ 30 0 0.021 0.068 0.885 0.02 0.002 0.004
He+ 40 0 0.025 0.078 0.861 0.03 0.002 0.004
He+ 50 0 0.041 0.08 0.841 0.032 0.002 0.005
O+ 15 0 0.002 0 0.004 0.043 0.675 0.277
O+ 20 0 0.002 0 0.002 0.063 0.731 0.202
O+ 30 0 0.001 0 0.001 0.137 0.741 0.118
O+ 40 0 0.001 0 0.001 0.158 0.756 0.082
O+ 50 0 0.001 0.001 0.001 0.166 0.77 0.062
Table5. Spillover between speciesfor FM8, LS.

Species Energy <H+ H+ Het++ He+ mid O+ >0+
H+ 15 0 0.963 0.028 0.007 0.002 0.001 0.001
H+ 20 0 0.939 0.049 0.008 0.002 0.001 0.001
H+ 30 0 0.908 0.07 0.017 0.002 0.001 0.001
H+ 40 0 0.741 0.225 0.028 0.003 0.002 0.001
H+ 50 0 0.616 0.327 0.049 0.004 0.002 0.002
He++ 15 0 0.062 0.816 0.118 0.004 0 0
He++ 20 .00 0.07 0.754 0.169 0.007 0 0
He++ 30 0 0.109 0.659 0.227 0.005 0.001 0
He++ 40 0 0.08 0.673 0.235 0.004 0.003 0.005
He++ 50 0 0.082 0.525 0.378 0.008 0.003 0.004
He+ 15 0 0.002 0.005 0.939 0.047 0.004 0.003
He+ 20 0 0.003 0.019 0.92 0.051 0.003 0.003
He+ 30 0 0.009 0.027 0.904 0.054 0.003 0.003
He+ 40 0 0.013 0.036 0.857 0.088 0.002 0.003
He+ 50 0 0.017 0.033 0.833 0.111 0.002 0.004
O+ 15 0 0.002 0 0.001 0.024 0.646 0.327
O+ 20 0 0.002 0 0.001 0.026 0.727 0.244
O+ 30 0 0.001 0 0 0.037 0.813 0.148
O+ 40 0 0.001 0 0 0.036 0.854 0.108
O+ 50 0 0.001 0 0 0.033 0.884 0.081
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Appendix 1. Threshold tables for the four flight models.
Table 6. 15 keV PAC threshold table for FM5, FM6, FM7

E-step lon Total E Min H+ Min Min Het MaxHe+ MinO+ Max O+
Energy Het++
0 39.15 54.15 7 13 18 27 46 68
1 36.856 51.856 7 13 19 27 48 70
2 34.697 49.697 7 13 19 28 49 73
3 32.664 47.664 7 14 20 29 51 75
4 30.75 45.75 7 14 20 30 52 77
5 28.948 43.948 7 14 21 31 54 79
6 27.252 42.252 7 14 21 31 55 82
7 25.655 40.655 7 15 22 32 56 84
8 24.152 39.152 7 15 22 33 58 86
9 22.737 37.737 8 15 23 34 59 88
10 21.404 36.404 8 16 23 34 61 90
11 20.15 35.15 8 16 24 35 62 92
12 18.97 33.97 8 16 24 36 63 94
13 17.858 32.858 8 16 24 37 65 96
14 16.812 31.812 8 17 25 37 66 98
15 15.827 30.827 8 17 25 38 67 100
16 14.899 29.899 8 17 26 39 68 102
17 14.026 29.026 8 18 26 39 70 104
18 13.204 28.204 8 18 27 40 71 105
19 12.431 27.431 8 18 27 41 72 107
20 11.702 26.702 9 18 27 41 73 109
21 11.017 26.017 9 19 28 42 74 111
22 10.371 25.371 9 19 28 43 75 112
23 9.763 24.763 9 19 29 43 76 114
24 9.191 24.191 9 19 29 44 78 116
25 8.653 23.653 9 19 29 44 79 117
26 8.146 23.146 9 20 30 45 80 119
27 7.669 22.669 9 20 30 45 81 120
28 7.219 22.219 9 20 30 46 82 122
29 6.796 21.796 9 20 31 46 83 123
30 6.398 21.398 9 21 31 47 84 125
31 6.023 21.023 9 21 31 47 84 126
32 5.67 20.67 9 21 32 48 85 128
33 5.338 20.338 9 21 32 48 86 129
34 5.025 20.025 10 21 32 49 87 130
35 4731 19.731 10 21 33 49 88 132
36 4.454 19.454 10 22 33 50 89 133
37 4.193 19.193 10 22 33 50 90 134
38 3.947 18.947 10 22 33 51 90 135
39 3.716 18.716 10 22 34 51 91 136
40 3.498 18.498 10 22 34 51 92 137
41 3.293 18.293 10 22 34 52 93 139
42 3.1 18.1 10 23 34 52 93 140
43 2.918 17.918 10 23 35 53 94 141
44 2.747 17.747 10 23 35 53 95 142
45 2.586 17.586 10 23 35 53 95 143
46 2.435 17.435 10 23 35 54 96 144
47 2.292 17.292 10 23 35 54 96 144
48 2.158 17.158 10 23 36 54 97 145
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56
57
58
59
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63

65
66
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71
72
73
74
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76
77
78
79
80
81
82
83
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86
87
88
89
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91
92
93
94
95
96
97
98
99
100
101
102
103

2.031
1.912
1.8
1.695
1.596
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1.414
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1.046
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0.927
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0.773
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0.685
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Table7. 15 keV PAC threshold table for FM8

E-step lon Total E Min H+ Min Min Het MaxHe+ MinO+ Max O+
Energy Het++
0 39.15 54.15 0 10 14 24 44 67
1 36.856 51.856 0 11 14 25 46 69
2 34.697 49.697 0 11 15 26 47 71
3 32.664 47.664 0 11 15 27 49 73
4 30.75 45.75 0 12 16 28 50 76
5 28.948 43.948 0 12 17 29 52 78
6 27.252 42.252 0 13 17 29 53 80
7 25.655 40.655 0 13 18 30 55 82
8 24.152 39.152 1 14 18 31 56 84
9 22.737 37.737 1 14 19 32 57 86
10 21.404 36.404 1 14 19 33 59 88
11 20.15 35.15 1 15 20 34 60 90
12 18.97 33.97 1 15 20 34 62 92
13 17.858 32.858 1 16 21 35 63 94
14 16.812 31.812 1 16 21 36 64 96
15 15.827 30.827 1 16 22 37 65 98
16 14.899 29.899 1 17 22 37 67 100
17 14.026 29.026 1 17 22 38 68 102
18 13.204 28.204 1 17 23 39 69 104
19 12.431 27.431 2 18 23 39 70 105
20 11.702 26.702 2 18 24 40 72 107
21 11.017 26.017 2 18 24 41 73 109
22 10.371 25.371 2 19 25 41 74 111
23 9.763 24.763 2 19 25 42 75 112
24 9.191 24.191 2 19 25 43 76 114
25 8.653 23.653 2 20 26 43 77 115
26 8.146 23.146 2 20 26 44 78 117
27 7.669 22.669 2 20 27 45 79 118
28 7.219 22.219 2 20 27 45 80 120
29 6.796 21.796 2 21 27 46 81 121
30 6.398 21.398 2 21 28 46 82 123
31 6.023 21.023 2 21 28 47 83 124
32 5.67 20.67 2 22 28 47 84 126
33 5.338 20.338 3 22 29 48 85 127
34 5.025 20.025 3 22 29 48 86 128
35 4,731 19.731 3 22 29 49 87 129
36 4.454 19.454 3 23 30 49 87 131
37 4.193 19.193 3 23 30 50 88 132
38 3.947 18.947 3 23 30 50 89 133
39 3.716 18.716 3 23 30 51 90 134
40 3.498 18.498 3 23 31 51 91 135
41 3.293 18.293 3 24 31 52 91 136
42 3.1 18.1 3 24 31 52 92 137
43 2.918 17.918 3 24 31 52 93 138
44 2.747 17.747 3 24 32 53 93 139
45 2.586 17.586 3 24 32 53 94 140
46 2.435 17.435 3 25 32 54 95 141
47 2.292 17.292 3 25 32 54 95 142
48 2.158 17.158 3 25 33 54 96 143
49 2.031 17.031 3 25 33 55 96 144
50 1.912 16.912 3 25 33 55 97 145
51 1.8 16.8 3 25 33 55 98 145
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