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

  1.25           0.00390.001         H++H H++ H+ + e-      M. Shah (1998) 
1.5             0.00550.0014        

2.0             0.00750.0017        

2.5             0.01380.0027        

       3.0             0.01680.0026

4.0             0.03200.005

       5.0             0.0470.008

       6.0             0.0580.011

       7.0             0.0960.018

       8.0             0.1130.022

       9.0             0.1550.028          
  9.25            0.16                                                                M. Shah (1987)
11.3             0.24

      13.25           0.32

   0.00017            59.4                    H+ + HH+        H. Tawara (1985)

       0.00102            46.2 

       0.00199            40.9

       0.00337            37.1 

       0.00500            53.0 

       0.00568            36.7

       0.00951            39.3

       0.010                50.0

       0.019                43.0

       0.021                36.0

       0.023                40.0

       0.025                44.0

       0.030                42.0

       0.036                36.0

       0.040                41.0

       0.046                33.0

 0.0501              28.3

 0.060                32.0

       0.076                27.0

 0.1                    31.0

  0.11                  23.7

  0.143                26.0

  0.199                22.7

  0.230                25.0

  0.24                  20.8

  0.30                  25.0

  0.31                  30.4

  0.40                  26.0

  0.48                  25.4

  0.61                  21.0

  0.76                  22.9

  0.90                  21.5

  1.00                  20.0

  1.16                  20.7

  1.60                  18.8

  1.92                  13.3

  2.03                  17.3

  2.50                  15.9

  3.03                  15.0

  3.50                  12.0

  3.60                  14.0       

  4.0                    12.0

  4.5                    12.5

  5.0                    11.5

  5.78                  12.7

  6.05                   9.85

  7.0                    10.5

  7.62                    8.8

  9.0                      8.3

  9.6                      8.6

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
====================================================== 
10.0                      9.0

12.0                      7.9

13.2                      8.0

15.2                      6.5

17.0                      5.9

     20.0                     6.4

24.0                      4.7

28.0                      3.4

30.4                      2.97

37.0                      2.1

38.2                      1.86

40.0                      1.6

42.3                      1.58

48.0                      1.1

50.0                      1.12

55.0                      0.73

60.0                      0.7

60.5                      0.6

70.0                      0.31

70.0                      0.3

77.8                      0.23

87.1                      0.165

97.7                      0.108

   100.0                     0.124

   118.0                     0.064

   125.0                     0.05

   150.0                     0.035

   200.0                     0.0078

   250.0                     0.00198

   400.0                     0.000155

   600.0                     0.0000187

  1.92              13.3                      H+ + H  H + H+      G. McClure (1966) 
2.14              13.6   

3.04              12.1

3.82              11.1

4.80              10.5

6.05               9.85

7.62               8.8

9.60               8.6

12.10               7.5

15.20               6.5

19.20               5.0

24.10               4.1

30.40               2.97

38.20               1.86

48.00               1.10

60.50               0.60 

76.20               0.30

100.00               0.124

117.50 0.064

      4                    3.8                     H+ + H           P. Stier (1956) 

      6                    4.0                            

      8                    4.1

      9                    4.05

    10                    4.0

    16                    3.2

    20                    2.7

    25                    2.4

    30                    2.1

    40                    1.3

    50                    0.8     

    60                    0.6                            

    70                    0.36

    80                    0.24

  100                    0.12

Energy(keV)     (10-16 cm2)                 process                   reference(yr)
====================================================== 
  120                    0.064

  140                    0.035

  160                    0.020

  180                    0.013

200                    0.0082

    0.800                23.73.5              H+ + H          J. Newman (1982) 

    0.726                24.83.6                      

        0.650                19.03.1

    0.607            22.73.5

    0.542            20.83.1

    0.500            21.23.1

    0.460            19.83.0

       1.0               0.084                   H+ + H  ?          M. Rudd (1985) 

       1.5               0.122       

 2                 0.158

            3                 0.227

            5                 0.358

            7                 0.478

           10                0.642        

           15                0.871

           20                1.05

           30                1.26

           50                1.37

           70                1.29

         100                1.12

         150                0.882

         200                0.721

         300                0.528

         500                0.347

         700                0.261

       1000                0.192

       1500                0.134

following H+ + N:

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

      4                    5.5                     H+ + N           P. Stier (1956) 

      6                    5.3                            

      8                    5.5

      9                    5.0

    10                    4.8

    16                    4.2

    20                    3.4

    25                    3.2

    30                    2.8

    40                    2.0       

    60                    1.2                       

    80                    0.7                            

  120                    0.3

  160                   0.13

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

34               1.340.32           H+ + O  H+ + O+  + e   W. Thompson (1997) 

       40               1.580.32                        ( 10
46               1.630.31

53               1.980.39

61               1.760.30

70               1.830.31

80           1.480.25

90           1.700.29

      100              1.560.25

   6              8.040.64                H+ + O  H + O+    W. Thompson (1996) 

         7              7.600.61                          ( 10
         8              7.230.58

         9              7.220.55

       10              7.410.59

      11              6.880.55

       13              6.740.54

   15              6.510.52

   17              6.070.49

   20              5.910.47

   23              5.470.48

   26              5.070.45

   30              4.790.38

   34              4.030.36

   40              3.460.25

   46              3.130.28

   53              2.370.21

   61              2.050.18

   70              1.930.17

   80              1.540.14

   90              1.660.10

 100              1.060.10

   12                0.190.04          H+ + O  H + O2+ + e   W. Thompson (1996) 

   13                0.180.04                        ( 10
   14                0.270.05

   15                0.240.05

   16                0.250.05

   18                0.320.06

   20                0.340.06

   22                0.360.06

   24                0.370.07

   27                0.380.06

   30                0.380.06

   34                0.400.06

   40                0.340.06

   46                0.370.06

   53                0.290.05

   61                0.270.05

   70                0.270.05

   80                0.230.04

   90                0.250.04

100   0.210.04

1.3                 0.1                 H+ + O  H+ + O+ + e      B. Basu (1987)

          2                    0.14                        (Fig.3 pi  ??? ) 

          4                    0.34

    6                    0.52

    8                    0.70

  10                    0.90

20        1.5

40                    2.5

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

    60                    3.1

    80                    3.0

  100                    2.9

  200                    2.1

  400                    1.3

  600                    1.0
  800                    0.8

1000                    0.7

 1                    5.0                    H+ + O  H + O+          B. Basu (1987)

           2                    4.5

           4                    4.0

     6                    3.8

     8                    3.6

    10                   3.4

    20                   3.2

     40                   2.6

     60                   1.6

     80                   1.2

   100                   0.9

   200                   0.2

       250                   0.1

      4                    4.5                     H+ + O           P. Stier (1956) 

      6                    4.3                            

      8                    4.2

      9                    4.0

    10                    3.7

    16                    3.2

    20                    2.7

    25                    2.5

    30                    2.2

    40                    1.7   

    50                    1.3                       

    60                    1.2                            

    70                    0.95

    80                    0.8

  100                    0.55

  120                    0.38

  140                    0.26

  160                    0.19

  180                    0.13

200                    0.105

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

    0.05               0.226                  H+ + H2?           H. Tawara (1985)

        0.20                0.563 

        0.40                1.18

        1.00                6.24

        2.00                7.37

        2.72                7.48

        3.38                7.70

        4.04                7.88

        5.0                  7.96

        6.0                10.50

 7.0                  8.49

 8.0                  8.56

 9.2                  8.00

      10.0                  8.32

      10.3                  7.62

      12.6                  7.10

      14.7                  6.24

      15.0                  6.76

      16.7                  6.19

      19.7                  5.46

      20.0                  8.40

      20.8                  5.20

      25.0                  4.78

      25.0                  5.45

      28.0                  4.20

      30.0                  3.68

      30.0                  3.82

34.0                  3.04

35.0                  3.38

40.0 2.65

40.0                  2.65

45.0                  1.67

48.7                  1.41

50.0                  1.78

53.9                  1.15

60.0                  1.21

70.0                  0.781

88.8                  0.272

    100.0                  0.232

    120.0                  0.12

    140.0                  0.0746

    200.0                  0.0175

    350.0                  0.001

    500.0                  0.0002

    600.0                  5.55e-5

    800.0                  1.56e-5

  1000.0                  4.74e-6

  1250.0                  1.25e-6

  1750.0                  1.67e-7

  3280.0                  1.7e-8

       5                 0.262                     H+ + H2e               M. Rudd (1983)

            7                0.406                 ( electron production cross section, 

          10                0.633                      Table V from eq(17)) 

          15                1.01

          20                1.37

          30                1.93

          50                2.46

          70                2.49

100  2.26 

150                1.81

200               1.49

         300               1.09

         500               0.716

         700               0.537

       1000               0.395

       1500               0.277

       2000               0.215

       3000               0.150

5000  0.095

  1.92                6.8                    H+ + H2  H + H2+      G. McClure (1966) 

        2.14                7.5   

3.04                8.1

3.82                8.3

4.80                8.7

6.05                8.8

7.62                8.9

9.60                8.9

12.10                8.2

15.20                7.5

19.20                6.7

24.10                5.5

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

30.40                4.3

38.20              3.06

48.00              1.97

60.50              1.18 

76.20              0.63

100.00             0.28

117.50             0.155

        5                  7.8                     H+ + H2?           M. Rudd (1983)

             7                10.3                    ( electron-capture cross section 

           10                10.7                         Table V from eq(19))

           15                  8.9

           20                  7.1

           30                  4.63

           50                  1.99

           70                  0.856

         100                  0.276

         150                  0.064

       10               0.3600.040       H+ + H2H+ + H2+ + e (ni)    M. Shah (1989) 
       13               0.4600.037

       16               0.6260.025

       20               0.7920.095

       26               1.1000.040

       32               1.6300.060

   40               2.0200.050

   50               2.1900.070

   62               2.2300.080

   78               2.1600.060

       10               0.2000.020       H+ + H2H+ + H + H+ + e (di)    

       13               0.3020.015

       16               0.3680.011

       20               0.3560.060

       26               0.3340.020

       32               0.3320.017

   40              0.2940.015

   50              0.2510.013

   62              0.2000.024

        78              0.1580.017

       10               0.0740.014       H+ + H2H + H+ + H+ + e (ti)    
       13               0.1480.011

       16               0.2110.036

       20               0.2270.020

       26               0.2360.028

       32               0.1820.009

   40               0.1180.006

   50               0.0770.080

   62               0.0390.080

   78               0.0200.030

       10                7.500.70           H+ + H2H + H2+  (nc)       
     13                6.400.30

       16                5.800.20

       20                5.310.16

       26                4.160.10

       32                3.220.08

   40                2.200.05

   50                1.370.03

   62                0.8440.017      

   78                0.4580.009

   95                0.2580.005

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

       10                0.760.08           H+ + H2H + H + H+ (dc)   
       13                0.870.04

       16                0.870.03

       20                0.850.03

       26                0.690.02

       32                0.5320.012

   40                0.3570.008

   50                0.2200.005

   62                0.1290.003

   78                0.0680.003

   95                0.0390.001

note:

ni – non-dissociative ionization

di --       dissociative ionization

ti –         transfer ionisation

nc – non-dissociative charge transfer

dc --       dissociative charge transfer

following : H+ + N2
Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

    0.05                0.02                   H+ + N2?            M. Rees (1989)

         0.10               0.20

         0.14               0.30

         0.2                 0.64

         0.3                 1.40

         0.4                 2.0      

         0.5                 4.0

         0.8                 5.0

         0.9                 8.2

         1.2                 7.5

         1.5               10.2

         2.2               14.0

         3.0               10.0

         4.0               11.0

         5.0               15.0

         6.0               10.0

         8.0               13.0

       10.0               10.0

12.0               10.0

15.0               10.0

20.0                 7.5

30.0                 5.0

50.0                 3.0

80.0                 1.5

     100.0                 0.9

     130.0                 0.6

     200.0                 0.13

     230.0                 0.06

     330.0                 0.014

     400.0                 0.011

1                    0.65             H+ + N2  H+ + N2+  + e      B. Basu (1987)

          2                    1.0                    (Fig1   pi  ???)

          4                    1.5

    6                    2.1

    8                    2.8

   10                   3.2

   20                   4.3

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

    40                   5.2

    60                   5.8

    80                   5.5

  100                   5.2

  200                   4.2

  400                   3.0

  600                   2.3

  800                   1.5

1000                   1.0

1                     7.0                  H+ + N2  H + N2+       B. Basu (1987)   

          2                   10.2

          4                   12.0

    6                   12.0

    8                   11.6

   10                  11.3

   20                    9.0

    40                    5.0

    60                    3.0

    80                    1.5

  100                    1.0

  200                    0.1

        5                 2.11                      H+ + N2e               M.  Rudd (1983)

             7                 2.72                  ( electron production cross section

           10                 3.45                      Table V from eq(17))

           15                 4.32

           20                 4.90

           30                 5.57

           50                 5.96

           70                 5.86

         100                 5.47

         150                 4.78

         200                 4.19

         300                 3.36

         500                 2.42

         700                 1.91

       1000                 1.46

       1500                 1.06

       2000                 0.842

       3000                 0.603

5000                 0.392

        5                 18.5                   H+ + N2?             M. Rudd (1983)

             7                17.5                   ( electron-capture cross section,  

           10                15.0                        Table V from eq(19))

           15                11.6

           20                 9.43

           30                 6.71

           50                 3.81

           70                 2.26

         100                 1.11

         150                 0.411

10                 8.47            H+ + N2  H + N2+ (1)       H. Luna (2003)

          20                5.85                

30                4.13                

40              3.120.25

          50              2.2518                

60              1.7914                

70              1.350.11

          80              1.0508                

90              0.8607                

        100              0.680.05

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

10              1.1313         H+ + N2  H + N+ + N (2)      H. Luna (2003)

          20              1.0512                

30              0.8610                

40              0.740.08

          50              0.6207                

60              0.5606                

70              0.480.05

          80              0.3705                

90              0.3104                

        100              0.230.03

10              0.540.07      H+ + N2  H + N+ + N+ + e (3)    H. Luna (2003)

          20              0.830.11                

30              0.860.11      

          40              0.800.10            

          50              0.6609                

60              0.5607                

70              0.460.06

          80              0.3805                

90              0.2904                

        100              0.230.03

10            0.0270.002      H+ + N2  H + N2+ + N + e (4)    H. Luna (2003)

          20            0.0630.005            

30            0.0940.008      

          40            0.0980.008            

          50            0.098008                

60            0.084007                

70            0.0650.005

          80            0.052004                

90            0.045004                

        100            0.0390.003

10             1.120.12        H+ + N2  H+ + N2+ + e (5)      H. Luna (2003)

          20              1.770.19              

          30                2.30.3

          40                3.00.3

          50                3.10.3

          60                3.50.3

          70                3.50.3 

          80                3.50.3

          90                3.70.3

        100                3.50.3

10              0.870.11       H+ + N2  H+ + N+ + N + e (6)    H. Luna (2003)

          20              1.270.14                      H+ + N+ + N+ + 2e       

          30              1.420.15

          40              1.470.16

          50              1.470.15

          60              1.530.16

          70              1.430.315

          80              1.370.14

          90              1.450.16

        100              1.330.14

10             0.0270.004       H+ + N2  H+ + N2+ + N + 2e (7)    H. Luna (2003)

          20             0.0530.007                

30              0.090.01      

          40              0.110.01            

          50              0.0901                

60              0.1101                

70              0.110.01

          80              0.1001                

90              0.0901                

        100              0.100.01
10              0.19eShah (2008) 

20              0.5 

30              0.73
40              1.1
50              1.2
60              1.5
70              1.4
80              1.6
90              1.6
         100              1.8
following H+ + O2
Energy(keV)     (10-16 cm2)                 process                   reference(yr)
======================================================

         5                1.67                        H+ + O2e              M. Rudd (1983)

             7                 2.26                 ( electron production cross section,   

           10                 3.01                      Table V from eq(17))

           15                 3.96

           20                 4.63

           30                 5.44

           50                 5.98

           70                 5.95

         100                 5.60

         150                 4.93

         200                 4.36

         300                 3.53

         500                 2.58

         700                 2.05

       1000                 1.58

        1500                 1.17

        2000                 0.933

        3000                 0.675

 5000                 0.445

        5                 11.1                      H+ + O2?          M Rudd (1983)

             7                10.3                      ( electron-capture cross section, 

           10                  8.8                           Table V from eq(19))

           15                  6.97

           20                  5.77

           30                  4.28

           50                  2.69

           70                  1.81

         100                  1.06

150    0.495

     0.05               14                        H+ + O2?          M Rees (1989)

         0.08                17

         0.10                17

0.2 16

         0.5                  14

         0.8                  13

         1.0                  12

         2.0                  10.5

         5.0                    9.2 

         8.0                    8.2

10.0                    8.0

20.0                    5.5

50.0                    3.0

80.0                    1.5

     100.0                    1.1

     200.0                    0.21

     500.0                    0.01

1                    0.3                H+ + O2  H+ + O2+ + e       B. Basu (1987)

          2                    0.6                    (Fig2   pi  ???)

          4                    1.1

    6                    1.4

    8                    1.7

   10                   2.2

   20                   3.4

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

    40                   4.6

    60                   5.0

    80                   5.0

  100                   4.8

  200                   4.0

  400                   2.8

  600                   2.2

  800                   1.7

1000                   1.5

 1                 10.15                  H+ + O2  H + O2+        B. Basu (1987)

           2                 10.10

           4                 10.05

     6                   9.5

     8                   9.0

    10                  8.2

    20                  6.0

     40                  3.5

     60                  2.4

     80                  1.5

   100                  1.2

   200                  0.2

10              5.5844             H+ + O2  H + O2+ (1)       H. Luna (2004)

          20              3.9932                

          30              2.5620 

          40              2.3619 

          50              1.8615 

          60              1.3911 

          70              1.0909 

          80              0.8907 

          90              0.7105 

        100              0.5704 

10              1.4018         H+ + O2  H + O+ + O (2)     H. Luna (2004)

          20              1.6922                

          30              1.2616 

          40              1.4919 

          50              1.3117 

          60              1.0213 

          70              0.8511 

          80              0.720.09 

          90              0.620.08 

        100              0.490.06 

10              0.510.06      H+ + O2  H + O+ + O+ + e (3)    H. Luna (2004)

          20              0.710.09                

          30              0.610.08 

          40              0.680.09 

          50              0.630.08 

          60              0.610.08 

          70              0.510.07 

          80              0.420.06 

          90              0.360.05 

        100              0.300.04 

10            0.0270.002      H+ + O2  H + O2+ + O + e (4)    H. Luna (2004)

          20            0.0640.005            

          30            0.0720.006

          40            0.0970.008

          50            0.0970.008

          60            0.0970.008

          70            0.0890.007

          80            0.0760.006

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

         90            0.0630.005

        100            0.0530.004

10              0.850.11        H+ + O2  H+ + O2+ + e (5)      H. Luna (2004)

          20              1.500.19              

          30              2.150.28

          40              2.380.31

          50              2.570.33

          60              2.970.38

          70              2.990.39 

          80              3.050.39

          90              2.960.38

        100              2.930.38

10              0.940.12       H+ + O2  H+ + O+ + O + e (6)    H. Luna (2004)

          20              1.430.18                      H+ + O+ + O+ + 2e       

          30              1.990.26

          40              1.870.24

          50              1.970.26

          60              2.140.27

          70              2.040.27

          80              2.090.27 

          90              1.990.26 

        100              1.920.25

10             0.0360.06       H+ + O2  H+ + O2+ + O + 2e (7)    H. Luna (2004)

          20             0.0790.09                

          30             0.1400.08 

          40             0.1400.09 

          50             0.1670.08 

          60             0.1660.08 

          70             0.1580.07 

          80             0.1600.06 

          90             0.1560.05 

        100             0.1370.04 

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

   20                  11.0               H+ + H2O  H + (H2O)+     F. Gobet (2001)

   24                  10.5                        (total ionization cross section???)

   30                  10.2

   34                  10.0

   42                    9.5

   50                    9.0

   65                    8.1

   82                    8.0

   93                    6.5

 110                    6.5

 130                    5.5

 140                    5.0

 150                    5.0

   20                    7.0                H+ + H2O  H + H2O+      F. Gobet (2001)

   24                    6.0

   30                    5.2

   34                    5.0

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

   42                    4.3

   50                    4.0

   65                    3.2

   82                    3.1

   93                    3.0

 110                    2.9

130                    2.8

 140                    2.5

 150                    2.5

   20                    2.2            H+ + H2O  H + H+ + HO      F. Gobet (2001)

   24                    2.1

   30                    2.2

   34                    2.2

   42                    2.0

   50                    2.0

   65                    1.5

   82                    1.4

   93                    1.2

 110                    1.15

 130                    1.0

 140                    0.95

 150                    0.90

    1.5               17.44         H+ + H2O      J. Greenwood (2000)

    2.0               16.21.0

    3.0               14.81.0

    5.0               12.850.74

    7.0               11.60.86

     0.5                  19.5            H+ + H2O  H + (H2O)+     B. Lindsay (1997)

     1.5                  16.5                (Fig.2 Present data)

     5.0                  12.5

           7                    1.94           H+ + H2O  ? + H2O+ + e         M. Rudd (1985)

          10                   2.48                 (electron production cross section)

          15                   3.22

          20                   3.79

          30                   4.58

          50                   5.32

          70                   5.45

        100                   5.23

        150                   4.61

        200                   4.04

        300                   3.20

        500                   2.26

        700                   1.77

      1000                   1.34

      1500                   0.969

      2000                   0.766

      3000                   0.547

      5000                   0.355

              7                14.6                   H+ + H2O  H + ?        M. Rudd (1985)

            10                13.8                 (positive-ion production cross section)

            15                12.8

            20                11.9

            30                10.6

            50                 8.86

            70                 7.68

           100                6.46

           150                5.16

           200                4.32

           300                3.31

           500                2.29

           700                1.78

         1000                1.34

         1500                0.97

         2000                0.767

         3000                0.547

         5000                0.355
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