Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

     0.025            13.4                    O+ + H         H. Tawara (1985)

         0.029             13.6 

         0.035             13.0

         0.040             14.0

         0.047             14.2

         0.049             13.3

         0.050             12.1       

         0.051             14.2

         0.052             12.3

         0.070             12.7

         0.089             12.6

         0.100             12.0

         0.145             11.4

         0.20               11.6

         0.28               12.1

         0.4                 10.8

         0.6                 10.3

         0.7                 10.2

         0.9                   9.9

         1.9                   9.0

         3.0                   8.75

         5.6                   8.35

         8.1                   8.0

       20.0                   4.9

     100.0                   3.5

     300.0                   1.5

500.0 1.2

      0.016            15                      O+ + HH+         R. Phaneuf (1987)

          0.064             13

          0.16               12

          0.64               10.5

           1.6                10.0

           6.4                  8.0

         16.0                  7.0

         64.0                  4.2        

        160.0                 2.5

        640.0                 0.65

      1600.0                 0.2

      6400.0                 0.003

   11.4              4.40.8                O+ + H         R. Phaneuf (1978)

    20                4.90.5

    50                4.20.4

  100                3.50.6

  200                2.20.4

  300                1.50.3

  400                1.20.3

  500                1.20.2

  600                0.80.2

     40              3.00.3                O++ + H        R. Phaneuf (1978)

   100              4.30.4

   200              5.10.5

   400              5.00.5

600               3.30.3
      3.0                4.1                    O2+ + H           H. Tawara (1985)

      6.0                2.5
         10.5               1.9

         16.0               2.2   

         20.0               2.2

         30.0               2.0

         40.0               3.0

         40.3               2.3       

         52.5               3.3

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

       100.0               4.3

       200.0               5.1

       400.0               5.0

600.0 3.3

     50                 3.43                    O+ + H        T. Jorgensen (1965)

   100                 3.59

   200                 3.51

   400                 3.24

     50                 0.17                O+ + H  + e      T. Jorgensen (1965)

   100                 0.18

   200                 0.17

   400                 0.16

following O+ + O
Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

     50                 5.85                    O+ + O        T. Jorgensen (1965)

   100                 5.35

   200                 5.28

   400                 5.25

     50                 0.57                O+ + O  + e      T. Jorgensen (1965)

   100                 0.53

   200                 0.52

   400                 0.52

          0.50          27.05.5           O+(4S) + O      B. Lindsay (2001)

      0.85          23.33.0                 

          1.5            19.93.5

      2.8            16.92.8

      5.0            14.72.2

          0.50          18.45.1          O+(2D, 2P) + O      B. Lindsay (2001)

      0.85          14.94.6                 

          1.5            14.03.9

      2.8            12.53.3

      5.0            11.12.8

         20                  11.0                   O+ + O             H. Lo (1971)

         50                    9.0

   100                   7.5

   120                   7.2

        200                  6.4

   350                   4.5

   500                   3.2

   700                   2.1

 1100                   1.6

1500                    1.2

1700                   0.85

 2000                   0.70

following O+ + H2
Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

      0.1                6.98                    O+ + H2         H. Tawara (1985)

          0.2                 8.36

          0.44               7.31

 0.6                 5.5

          1.0                 4.42

          2.0                 3.71

          3.0                 4.39

          4.4                 4.69        

  5.15               4.39

  6.0                 7.98

      8.0                 8.00

    10.0               10.1

    10.05               8.4

    11.4               10.3

    15.3               11.3

    20.0               11.1

    30.0               12.1

    40.0               11.5

    50.0                 9.4

    51.0               11.0

    61.0               10.1

    70.0                 9.6

    80.0                 9.34

    90.0                 8.44

  100.0                 6.3

  200.0                 4.0

  400.0                 2.5

  600.0                 1.6

      50.                0.12                   O2+ + H2          H. Tawara (1985)

         100.               0.12

         208.               0.12

400.               0.12

      2.0                4.0                    O2+ + H2         H. Tawara (1985)

          3.0                1.8

          6.0                1.2

        10.0                2.2

    16.0               1.6

    20.2               1.9

    29.8               3.1

    40.0               4.0

    40.3               3.8

    50.0               2.31

    52.5               3.9

  100.0               4.9

  100.8               2.34

  200.0               5.1

  208.0               2.16

  400.0               5.3

  400.0               2.22

  600.0               4.1

  0.022                0.13                O+(4S) + H2  O + ?       G. Flesch (1991)**

  0.024                0.20

0.03                  0.25

0.04                  0.33

  0.05                  0.45

0.06                  0.50

0.08                  0.53

0.10                  0.63

0.14                  0.70

0.20                  0.70

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================       

  0.02                  0.6                  O+(4S) + H2  O + ?          Y. Xu (1990)**

  0.03                  0.54

       0.04                  0.45
0.05                  0.60

  0.06                  0.56

0.07                  0.54

0.08                  0.52

0.10                  0.60

0.14                  0.60

0.20                  0.70

       0.24                  0.72

       0.30                  0.75

0.50 0.70

  0.6                     1.5                 O+(4S) + H2  O + ?       A. Irvine (1991)**

  0.7                     3.0

0.8                    1.6

1.0                    1.4

  1.1                    2.1

2.0                    2.1

3.0                    2.2

4.0                    3.0

  0.5                    4.0                  O+(4S) + H2  O + ?      D. Sieglaff ((1999)

  0.82                  3.0

1.4                    2.2

3.0                    2.1

  5.0                    3.3

  0.1                     7.0                 O+(4S) + H2  O + ?        W. Nutt (1979)**

  0.14                   8.0

0.2                     8.5

0.3                     8.0

  0.4                     7.0

0.5                     6.0

0.6                     5.2

0.74                   5.0

1.0                     4.2

1.4                     4.8

2.0                     4.6

       2.4                     4.9

       3.0                     4.2

       4.2                     5.5

       5.0                     6.2

       6.0                     7.0

       7.0                     8.0

       8.0                     9.2

     10.0                   10.0

    3.13                 4.79                O+(4S) + H2  O + ?      J. Hoffman (1982)

    5.15                 4.39

10.04                 8.4

20.02               11.6

  30.04               12.1

40.22               12.8

50.01               11.5

60.01               11.1

70.17               10.3

80.14                 9.34

90.04                 8.28

       99.91                 8.35

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

    0.6                   0.3                O+(4S) + H2  O + ?       T. Moran (1978)**

        0.8                    0.4

   1.0                    0.41

 1.15                   0.42

   1.3                     0.43

 1.7                     0.43

 2.1                     0.45

 2.4                     0.54

 3.0                     0.60

    11.0                 11.0               O+(4S) + H2  O + ?      R. Phaneuf (1978)

         20.0                11.5

    50.0                 10.0

100.0                  6.4

  0.02                  10.0              O+(2D, 2P) + H2  O + ?      Y. Xu (1990)**
  0.03                    9.5

0.04                  10.05

0.05                  11.0

  0.06                  11.0

0.075                10.0

0.10                  11.5

0.14                  11.0

0.20                  10.5

0.24                  10.3

0.30                  10.0

       0.34                  10.2

       0.40                  10.0

  0.6                      9.2                O+(2D) + H2  O + ?      T. Moran (1978)**
  0.8                      9.2

      1.0                      9.2                

      1.15                    9.5

  1.3                    10.0

1.4                    10.05

1.6                    10.04

2.0                    10.03

2.2                    10.02

2.5                    10.0

3.0                    10.0

  0.4                     20.5            O+(2D, 2P) + H2  O + ?    D. Sieglaff (1999)
  0.84                   16.0

      1.40                   13.0

      3.0                     11.5

  5.0                      9.0

10.15                10.0             O+(2D, 2P) + H2  O + ?   R. Phaneuf (1978)
20.0                  11.5

50.0                    9.5

100                      6.3          

    11.4           10.30.9               O+ + H2       R. Phaneuf (1978)  

    20              11.11.0

    50                9.40.9

  100                6.30.6

  200                4.00.4

  300                3.00.3

  400                2.50.2

500                2.00.2

600                1.60.1

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

    40              4.40.4                O++ + H2       R. A. Phaneuf (1978) 

  100              4.90.5

  200              5.10.5

      400              5.30.5

 600              4.10.4

following O+ + N2
0.00115         1.2              O+(4S) + N2       G. Flesch (1990) 

0.0014           1.4

0.002             2.2

0.003             3.0

0.004             3.5

      0.005             4.2

      0.007             5.2

      0.01               5.4

      0.012             5.1

      0.015             3.5

      0.018             3.0

      0.02               2.5

      0.022             1.5

      0.025             0.7

      0.03               0.3

      0.04               0.1

      0.05               0.05

0.005             0.05             O+(4S) + N2   O + G. Flesch (1990)

0.007             0.1

0.01               0.2

0.012             0.3

0.015             0.7

0.02               0.65

      0.03               0.75

      0.04               0.90

      0.07               0.95

      0.10               0.80

      0.12               1.05

      0.15               1.00

      0.20               1.05

0.02              0.10         O+(4S) + N2   + N + O   G. Flesch (1990)

0.03              0.25

0.04              0.30

0.05              0.40

0.075            0.40

0.10              0.30

0.12              0.30

0.14              0.40

0.15              0.50

      0.85            2.32.0           O+(4S) + N2      B. Lindsay (1998) 

           1.5             3.01.1                (Absolute total cross section??? also below)

      2.8              5.01.9

      5.0              8.62.9    

         0.00014          0.1              O+(4S) + N2         X. Li (1997)

0.0003            0.5 

0.001              1.5

0.0016            2.0

         0.0019            2.8

     Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

         0.0024            3.8

         0.0033            5.0

         0.0063            5.6

         0.0079            5.7

         0.0094            5.5

0.013              4.75

0.017              3.1

0.022              1.7 

0.031              0.5

0.038              0.1

0.05                0.05

         0.0035            0.2               O+(4S) + N2         X. Li (1997)

         0.005              0.35

         0.008              0.5

         0.012              0.7                

         0.016              0.8

         0.019              1.1

         0.024              1.0

0.030              1.0

0.047              1.25

0.063              1.5

        0.017              0.05          O+(4S) + N2   + N + O   X. Li (1997)

         0.019              0.1

         0.024              0.15

         0.031              0.2

         0.038              0.25

         0.05                0.27

         0.06                0.27

10               9.5Shah (2008) 
20             11.3 

30             11.3
40             11.4
50               9.4
60               8.6
70               7.5
80               7.2
90               6.7
         100               6.0
10           1.6Shah (2008) 
20               2.0
30               2.2
40               2.5
50               2.1
60               1.7
70               1.4
80               1.28
90               1.23
         100               1.07
10           0.53eShah (2008) 
20               1.01 

30               1.29
40               1.4
50               1.7
60               1.7
70               1.5
80               1.6
90               1.6
         100               1.6
Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

20             0.09e Shah (2008) 
30             0.16
40             0.24
50             0.28
60             0.33
70             0.32
80             0.37
90             0.35
         100             0.37
10             0.81eShah (2008) 
20             0.95
30             1.03
40             0.99
50             0.99
60             0.94
70             0.91
80             0.97
90             0.93
         100             0.94
10             2.3e,Shah (2008) 
20             3.5                     e

30             4.8
40             5.4
50             5.7
60             6.0
70             5.4
80             5.7
90             5.4
         100             5.5
10             1.9e,Shah (2008) 

20             5.0                     

30             7.3
40              10
50              12
60              15
70              14
80              16
90              16
         100              18
following O+ + O2
  Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

10             13.41.0               O+ + O2  O + O2+        H. Luna (2004)

          20             15.81.2                
          30             14.81.2 

          40             15.31.2 

          50             14.61.2 

          60             14.11.1 

          70             13.21.1 

          80             12.71.0 

          90             11.49 

        100             10.48 

10              4.7862         O+ + O2  O + O+ + O      H. Luna (2004)

          20              5.5371                

          30              5.8175 

          40              5.8275 

          50              6.0178 

          60              6.4183 

          70              6.4983 

          80              6.490.84 

          90              6.410.84 

        100              6.050.78 

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

10              0.530.07       O+ + O2  O + O+ + O+ + e     H. Luna (2004)

          20              0.790.10                

          30              0.930.12 

          40              1.160.15 

          50              1.270.16 

          60              1.330.17 

          70              1.510.20 

          80              1.520.20 

          90              1.620.20 

        100              1.560.20 

10            0.0210.002     O+ + O2  O + O2+ + O + e     H. Luna (2004)

          20            0.0800.01            

          30              0.140.01

          40              0.200.02

          50              0.250.02

          60              0.280.02

          70              0.370.03

          80              0.410.03

          90              0.430.03

        100              0.480.04

10              0.960.13        O+ + O2  O+ + O2+ + e      H. Luna (2004)

          20              0.960.13              

          30              0.950.12

          40              0.940.12

          50              0.960.12

          60              0.920.12

70 0.980.13 

          80              0.940.12

          90              1.030.13

        100              1.030.13

10              3.120.41      O+ + O2  O+ + O+ + O + e     H. Luna (2004)

          20              4.250.55                     O+ + O+ + O+ + 2e       

          30              4.840.63

          40              5.260.68

          50              5.410.70

          60              5.210.68

          70              5.600.73

          80              5.690.74 

          90              5.720.74 

        100              5.410.70

10              0.340.04     O+ + O2  O+ + O2+ + O + 2e     H. Luna (2004)

          20              0.490.06                

          30              0.670.09 

          40              0.880.11 

          50              1.130.15 

          60              1.210.16 

          70              1.410.18 

          80              1.550.20 

          90              1.750.23 

        100              1.760.23 

0.016              13.4                     O+ + O2  ?            R. Stebbings (1963a) **

          0.1                  13.1               

          0.4                  13.2 

          0.9                  13.3 

          1.6                  13.5 

          2.5                  13.6 

          3.6                  13.8 

          4.9                  14.1 
          6.4                  14.3 
following O+ + H2O
  Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

  0.00015           0.8                     O+ + H2O  OH+        D.J. Levandier  (1996)    

  0.00019           0.84

  0.000215         0.97

  0.00025           1.04

  0.000315         1.05

  0.00036           1.055

  0.00040           1.09

  0.00052           1.15

  0.000615         1.08

  0.00074           1.06

  0.0009             1.01

  0.00105           0.96

  0.00125           0.79

  0.0014             0.77

  0.0017             0.64

  0.0021             0.53

  0.0024             0.43

  0.0030             0.34

  0.0034             0.24

  0.0041             0.21

  0.005               0.16

  0.006               0.21

  0.007               0.26

  0.0081             0.47

  0.010               0.58

  0.011               0.76

  0.013               0.80

  0.0145             0.58

  0.00009         120                     O+ + H2O  O + H2O+              R.A. Dressler  (1996)    

  0.00011         116

  0.00013         113

  0.00015         105

  0.00018         100

  0.000215         91

  0.00025           85

  0.0003             80

  0.00034           77

  0.0004             72

  0.00048           70

  0.00055           65

  0.00063           62

  0.00075           60

  0.0009             53

  0.0010             52

  0.0012             50

  0.0014             46

  0.0016             45

  0.0020             44

  0.0022             43

  0.0025             42

  0.003               42

  0.0035             42.5

  0.0041             42.5

  0.0050             42.5

  0.0055             45

  0.0066             44.5

  0.008               43

  0.009               41.1

  0.01005           40.5

  0.012               41

  0.014               38

  0.015               34

  0.020               35

following O2+ + O, O2
 Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

0.07                4.2                        O+2 + O  ?            R. Stebbings (1963b)

          0.10                4.3               

0.15                4.4 

0.20                4.6

          0.40                4.4

          0.48                5.2

          0.70                5.0

          1.06                5.5

          1.38                6.1

          1.91                6.0

          2.28                6.2

          2.89                6.1

          3.60                6.5

          4.20                7.6

5.20 7.6

6.00                7.5

0.016              25.5                     O+2 + O2  ?            R. Stebbings (1963a)

          0.1                  18.6               

          0.4                  15.7 

          0.9                  14.7 

          1.6                  14.6 

          2.5                  14.6 

          3.6                  14.6 

          4.9                  14.6 

          6.4                  14.6 
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