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ABSTRACT
Tabulated values of double differential cross section measﬁrements are presented for electrons ejected from
H,,0,,N,,CO,, CHy, H,O and Ar by 50 keV protons. The angular range extends from 0 to 100° and
the electron energy from 5 to 150 eV,
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1. INTRODUCTION

The double differential cross sections (DDCS} for the ejection of electrons from target atoms and
molecules by heavy charged particles are important in the study of radiation dosimetry [e.g. McGowan,
1975]. The purpose of this report is to present tabulated values of measured double differential cross
sections for electron ejection from molecules made of elements that are the main constituents of living
matter. The rare gas argon has also been included for comparison with other measurements. A proton
energy of 50 keV was used, in the middle of the range of energies of interest in many radiation dosimetry
calculations. As our apparatus could measure electrons ejected at zero degrees, the peak that arises from

the process of charge capture into the continuum is covered.

2. APPARATUS AND RESULTS

The apparatus uvsed for these measurements has been described in earlier publications [Gibson and
Petersen 1978, Gibson and Reid 1984] and the techniques used to calibrate the various gases against the
standard helium are described in Gibson and Reid (1987]. The absolute values in tables 1-7 ultimately
rest upon the normalisation of the helium measurements against published total ionisation cross sections.
Details of this procedure were given by Gibson and Reid [1986] who also compared their results with other
published work. As in the case of helium the present data agree with published cross sections in energy
dependence, but decrease to a much greater with increasing angle.
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TABLE 1, DDCS for 50 keV H' on Hydrogen (m? eV ™! sr7)

Energy Angle (degrees)

(eV) 0 1 2 3 4 5 7 10 20
5 1.15-21 9.84-22 901-22 845-22 79722 7.60-22 7.0522 62322 32722
10 3.81-21 1.73-21 1.53-21 14221 133221 12721 1.20-21 1,11-21 6.23-22
15 430-21 2.73-21 23721 20921 1.89-21 1.72-21 14921 11821 498-22
20 47621 3.33-21 277-21 238-21 2.08-21 1.83-21 14921 1.08-21 4.04-22
22 5.65-21 4.14-21 32921 2,68-21 22521 19021 14521 1.02-21 3.69-22
24 6.88-21 4.74-21 3.54-21 27521 21921 18221 13021 8.8522 320.22
25 794-21 52421 379421 27921 21§21 17321 12121 8.03-22 30422
26 9.60-21 5.76-21 392-21 281-21 2.09-2%f 1.6521 11121 7.33-22 290-22
27 1.29-20 6.59-21 42421 289-21 20921 15921 1.03-21 6.62-22 270-22
28 1.52-20 4.86-21 3.25-21 230-21 17221 13421 91022 6.11-22 25722
30 6.76-21 231-21 17621 14021 1.14-21 9.59-22 7.30-22 5738-22 23622
35 8.67-22 7.66-22 6.62-22 586-22 530-22 48822 42622 35522 17822
40 43022 3.99-22 3.63-22 33522 31522 3.00-22 27922 25122 13722
50 19722 19022 1.78-22 1.69-22 1.62-22 1.59-22 15322 14422 B8.66-23
60 147-22  1.53-22 142-22 13322 12722 12222 11522 1,03-22 5.63-23
80 6.60-23 6.87-23 637-23 6.00-23 57123 5.50-23 5.15-23 4.57-23 24423
100 29723 3.07-23 28323 26423 25023 240-23 22023 1.89-23 9.16-24
150 3.20-24  3.20-24 28624 259-24 23424 2.13-24 1.7524 1.23-24 5.59-25
Energy Angle (degrees)

{eV) 30 40 50 60 70 80 90 100

5 1.63-22 8.81-23 6.19-23 4,00-23 297-23 2.37-23 1.85-23 1.90-23

10 2.84-22 1.38-22 7.86-23 40323 19723 1.13-23 7.24-24 7.16-24

15 2,18-22 1.07-22 5.89-23 281-23 12323 6.28-24 347-24 3.12-24

20 1.74-22  8.53-23 449-23 198-23 78424 3.61-24 1.77-24 1,50-24

22 1.59-22 7.75-23 3.96-23 1.69-23 6.67-24 29324 14424 1.24-24

A4 147-22  7.16-23 3.62-23 14923 57524 24924 1.20-24 1,01-24

25 1.37-22  6.69-23 33323 1.37-23 51324 22424 12124 9.84-25

26 1.31-22 641-23 3.20-23 1.30-23 4.8524 21024 1.03-24 7.71-25

27 1.22-22 591-23 28823 11623 42924 18924 994-25 8.05-25

28 1.19-22 5.85-23 2.89-23 1,14-23 4,18-24 1.80-24 8.49-25 7.43.25

30 1.09-22  5.26-23 249-23 9.62-24 347-24 1.52-24 7.77-25 6.28-25

is 8.68-23 4.17-23 19123 6.86-24 23124 993-25 52825 4.31-25

40 6.89-23  3.23-23 14123 48124 1.63-24 7.09-25 3.72-25 3.42-25

50 4.35-23 1.93-23 7.58-24 235-24 8.14-25 37325 2.04-25 1.74-25

60 2.80-23 11923 42524 13424 47325 21525 12625 7.91-26

80 1.14-23 40724 1.18-24 3.79-25 1.48-25 64526 4.4626 3.82-26

100 3.90-24 12624 3.57-25 12525 51726 272-26 23626 234-26

150 34725 89026 23326 24126 1.6026 4.63-27 7.62-27 1.09-26
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TABLE 2. DDCS for 50 keV H on Oxygen (m? eV~ sr™)

Energy Angle (degrees)

(eV) 0 1 2 3 4 5 7 10 20
5 149-21 7.22-22 6.89-22 6.68-22 6.57-22 65522 6.57-22 6.55-22 493.22
10 3.94-21 247-21 217-21 19221 17421 1.60-21 1.39-21 1,18-21 7.59-22
15 43221 25221 23121 214-21 20321 19021 17721 1.55-21 8.11-22
20 5.89-21 4.00-21 3.45-21 3.01-21 27021 24721 20621 16221 7.01-22
22 72621 501-21 42121 3.60-21 31221 27821 2.24-21 1.68-21 6.87-22
24 9.59-21 642-21 51121 41721 34621 29721 22321 15521 6.17-22
26 14420 8.57-21 643-21 49821 39321 32321 22421 14321 5.63-22
27 198-20 9.55-21 6.96-21 52221 4.0221 31921 21421 13121 5.25.22
28 3.38-20  1.52-20 1.02-20 7.10-21 51121 3.83-21  230-21  1.24-21  4.712-22
29 4.78-20 948-21 6,77-21 50321 3.81-21 30021 19721 1.19-21 48822
30 223-20 908-21 648-21 47521 36121 28521 18521 1.10:21 45322
35 1.75-21 141-21 12521 11321 1.04-21 96622 8.56-22 7.17-22 3.58-22
40 0.68-22 843-22 7.74-22 72422 68522 65522 6.12-22 54822 2972
50 443-22  4,17-22 3.89-22 3.67-22 35122 34122 327-22 3.02-22  184.22
60 3.01-22  3.15-22 29422 27622 2.63-22 25622 24122 2182 12722
80 14322 14922 13922 13122 12522 12122 1.14-22 1.03-22 62223
100 7.61-23 7.88-23 72823 6.83-23 64523 6.18-23 5.73-23  5.01-23  3.09.23
150 17923  1.81-23 1.65-23 15123  1,39-23 1.30-23 11323 8.97-24  5.04-24
Energy Angle (degrees)

(eV) 30 40 50 60 70 80 90 100

5 34222 2.51-22  190-22 12522 84723 67323 51423  4.64-23

10 4.19-22  243-22 1.55-22 8.51-23 53723 39023 28223 2.48-23

15 4.02-22 2.11-22 12122 60623 3.68-23 25723 1.79-23 1.50-23

20 3.25-22  1.69-22 9.61-23 477-23 277-23 1.80-23 12223 1.05-23

22 31022 1.56-22 84723 41723 24423 16123 1.0723 9.03-24

24 2.81-22 14322 790-23 3.82-23 21923 14223 9.54-24 17.85-24

26 2.55-22 12822 698-23 33723 19323 12623 8.37-24 6.84-24

27 239-22  1.22-22 6.74-23 32723 1.8923 12223 8.17-24 6.77-24

28 21222 107-22 582-23 27823 1.6023 1.02-23 6.81-24 5.69-24

29 22122 1.10-22 59023 283-23 1.64-23 10623 7.25-24 6.01-24

30 206-22 1.02-22 53823 25323 14523 94324 6.38-24 5.32-24

35 1.75-22 9.01-23 493-23 23423 13023 8.0524 5.49-24 4.74-24

40 146-22 7.38-23 3.92-23 1.83-23 99124 62224 4.15-24 3.62-24

50 9,55-23 5.01-23 27723 12823 6.61-24 39724 27624 2.46-24

60 6.87-23 3.51-23 1.71-23 77624  390-24 2.53-24 1.78-24 1.47-24

80 3.52-23  1.76-23 73524 33024 1.71-24 11824 87425 7.68-25

100 1.81-23  8.83-24 323-24 15324 80425 57525 4.36-25 3.98-25

150 31024 13724  536-25 30225 15025 1.02-25 8.19-26 7.717-26
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TABLE 3. DDCS for 50 keV H* on Nitrogen (m? eV~ sr™1)

Energy Angle (degrees) _
(V) 0 1 2 3 4 5 7 10 20
5 79721 6.87-21 536-21 430-21 3.53-21 29721 22121 15521 7.81-22
7 12020 7.69-21 591-21 4.70-21 3.82-21 3.20-21 23121 1.56-21 6.72-22
10 6.40-21 3.19-21 2.71-21 236-21 21021 19021 1.60-21 12721 6.25-22
15 3.50-21 20521 1.87-21 1,71-21 15921 15121 13721 1.18-21 5.85.22
20 5.30-21 41121 33221 27621 23521 20621 1.6621 12621 540-22
22 640-21 4.68-21 3.65-21 29521 24421 21021 1.62-21 12021 49822
24 8.68-21 643-21 4.65-21 3.50-21 27521 22321 1.62-21 11321 47122
25 11320 79321 545-21 39421 3.00-21 23721 16321 1.11-21 4.63-22
26 14420 946-21 6.11-21 41921 3.04-21 23321 15321 1.01-21 43122
27 20020 11420 7.01-21 4.61-21 32321 24121 15221 98122 42322
28 27220 1.04-20 6.30-21 4.11-21 2.84-21 21221 13521 8.88.22 4.00-22
30 9.63-21 3.99-21 292-21 223-21 17821 14721 1.09-21 79622 37022
35 14921 128-21 1.08-21 93522 8.29-22 7.5522 6.50-22 54122 27922
40. 7.74-22 63522 57622 53522 50222 477922 44522 39922 22322
50 3.66-22 3.48-22 3.19-22 29922 28422 27622 26222 24522 15122
60 247-22 25822 23822 22722 21422 20822 19622 1.7622 1.06-22
80 1.13-22 11722 1.09-22 10422 98723 9.53-23 89923 8.13-23 522.23
100 5.85-23  6.04-23 5.57-23 52223 49523 47223 43423 38023 24123
150 1.08-23 1.10-23 995-24 9.12-24 84224 7.84-24 6.82-24 5.39-24 3.07-24
Energy Angle (degrees)

(V) 30 40 50 60 70 80 90 100

5 4.58-22 278-22 191-22 12822 94423 17.5623 5.62-23 5.28-23

7 3.68-22 22022 146-22 95923 699-23 53323 39123 3.58-23

10 33122 190-22 1.21-22 740-23 497-23 3.54-23 24623 2.27.23

15 29422 1.60-22 956-23 54223 334-23 22323  1.51-23  1.39-23

20 25722 13422 77523 41923 24423 15623 1.04-23 9.24.24

22 236-22 12522 7.18-23 3.85-23 22123 13823 8.90-24 8.10-24

24 22322 11722 6.64-23 35023 19823 12523 8.34-24 71.50-24

25 22122 11622 6.54-23 34023 1.88-23 11523 7.56-24 6.83-24

26 20022 1.11-22 62823 32923 1.83-23 11423 7.17-24 6.69-24

27 203-22 10722 60423 3.16-23 17523 1.08-23 6.92-24 6.728-24

28 194-22 1.03-22 581-23 3.03-23 16523 1.01-23 6.65-24 6.07-24

30 1.82-22  9.53-23 534-23  276-23 1.51-23 94024 6.07-24 5.46-24

35 144-22  7.77-23  438-23 22523 1.20-23 72924 48624 4.47-24

40 1.19-22 64223 3.62-23 1.83-23 9.62-24 58824 3.77-24 3.49-24

50 8.19-23  439-23 243-23 12123 61024 37624 2.54-24 2.42-24

60 6.11-23  3.20-23 1.52-23 7.40-24 39224 24724 1.71-24 1.40-24

80 3.11-23  1.60-23° 6.31-24 3.03-24 16524 11224 80225 6.87-25

100 148-23 74824 2.74-24 13624 7.56-25 52325 - 3.79-25 3.33-25

150 204-24 98325 438-25 231-25 1.24-25 8.0526 6.39-26

5.94-26




TABLE 4. DDCS for 50 keV H* on Carbon Dioxide (m?* eV~ sr71)
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Energy Angle (degrees)
{eV) 0 1 2 3 4 5 7 10 20
5 27921 24321 22721 21321 206-21 19821 192-21 1.77-21 1.10-21
7 3.09-21 1.67-21 1.58-21 1,51-21 146-21 1.44-21 1.41-21 11,3621 92022
10 54121 31321 2.68-21 2.32-21 20921 191-21 1.69-21 145.21 82222
15 5.19-21 29321 25921 23221 21021 19721 17421 14621 7.10-22
20 592-21 3.87-21 32721 28121 24721 22221 18221 1,38-21 588-22
22 7.38-21 5.01-21  400-21 33121 2.80-21 24521 1.93-21 14621 62222
24 8.84-21 5.82-21 44021 346-21 28021 23521 17521 12521 5.11.22
25 1.13-20 6.88-21 5.07-21 3,88-21 3.07-21 25221 1.83-21 1.26-21 532-22
26 1.31-20 6.88-21 4.92-21  3.67-21 28521 22021 1.63.21 1.11-21 4.70-22
27 1.66-20 7.78-21 5.30-21 3.80-21 2.85-21 22521 15421 1.03-21 44522
28 2.16-20 7.03-21 4.75-21 3.40-21 25621 20221 1.39-21 9.49-22 42522
30 1.07-20 44121 32021 24321 19221 15821 1.16-21 8.23-22 37322
35 1.57-21  1.29-21 1.13-21 1.00-21 9.08-22 3.32-22 7.29-22 6.02-22 301-22
40 9.30-22 8.31-22 7.63-22 70922 66522 63222 57522 49222 26522
50 3.80-22  3,52-22  3,36-22  323-22  3,13-22 30822 29622 27422 1.65.22
60 276-22 28722 266-22 251-22 23822 22922 212-22 18922 1.14-22
80 1.29-22  134-22 124-22 11622 11022 10622 99323 8.86-23 5.83-23
100 6.81-23 7.03-23 648-23 6.05-23 57223 54623 5.02-23 4.37-23 2.84-23
150 1.50-23  1.53-23  1,38-23 1.26-23 1.16-23 1.07-23 92624 7.21.24 4.19-24
Energy Angle (degrees)
ev) 30 40 50 60 70 80 90 100
5 6.57-22 420-22 281-22 1.69-22 1.28-22 1.04-22 8.79.23 8.53.23
7 5.30-22 3.23-22 21422 12622 94123 73723 55423 51723
10 43922 265-22 17422 1.02-22 72223 53823 3.86-23 3.43-23
15 35222 203-22  1.32-22 75623 50323 34823 24023 2.11-23
20 2.84-22 17122 1,12-22 641-23 40123 26723  1.79-23 1.56-23
22 296-22 16522 10222 558-23 34423 22423 14923 13323
24 24222 141-22 53023 513-23 32623 21523 1.46-23 1,26-23
25 2.58-22 146-22 B891-23 4384-23 30423 19623 13023 1.14-23
26 224-22  1.31-22 87423 479-23 29423 19023 1.28-23 1.11-23
27 2.20-22  126-22 83523 449-23 27623 1.79-23 126-23 1.07-23
28 2,06-22 122-22 38,1823 447-23 27023 17223 1.16-23 9.91-24
30 1.86-22 1.07-22 7.43-23 4.05-23 24423 15423 1.04-23 9,05-24
a5 1.53-22 R897-23 6.19-23 3.30-23 19323 1.19-23 79224 7.01-24
40 1.38-22  8.03-23 527-23 275-23 15023 9.11-24 6.11-24 5.46-24
50 9.17-23 551-23 3.59-23  1.83-23 97724 59124 4,01-24 3.64-24
60 6.80-23 4.00-23 22923 1.14-23 59224 37924 26624 2.18-24
80 3.69-23  2.13-23  1.03-23  4.69-24 256-24 1,75-24 12924 1.10-24
100 194-23 10523 471-24 21524 1.18-24 85425 6.34-25 §5.51-25
150 3.24-24 15524 7.66-25 4.02-25 20725 14225 1.10-25 991-26
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TABLE 5. DDCS for 50 keV H* on Methane (m?® eV~! sr~1)

Energy Angle {degrees)

(eV) 0 1 2 3 4 5 7 10 20
5 2.80-20 238-20 192.20 16020 1.36-20 11720 38.91-21 6.12-21 1.88-21
7 346-20 1.74-20 14320 12120 10420 9.06-21 7.05-21 50121 1.62-21
10 1.30-20 6.70-21  5.74-21  5.03-21 4.49-21 4.03-21 34121 27021 1.28-21
15 8.76-21 5.10-21 4.48-21 401-21 3.66-21 33921 29321 273821 1.08-21
20 9.26-21 541-21 4.68-21 41121 36621 3.32-21 27921 2.16-21 8.78-22
22 1.18-20 7.65-21 6.24.21 523-21 44521 3.86-21 3.01-21 21521 83422
24 1.57-20 1.02-20 7.83-21 6.15-21 49521 40921 29321 19121 7.28-22
26 245-20 131-20 946-21 7.07-21 54421 4.29-21 2.88-21 1.73-21 6.87-22
27 3.11-20  1.25-20 89921 6.65-21 5.08-21 39921 2.61-21 15621 6.29-22
28 5.18-20 1.86-20 12520 8.69-21 6.27-21 4.66-21 2.81-21 1.53-21 6.22-22
30 23520 1.03-20 7.47-21 55321 42621 33921 22221 13521 57822
35 27221 202-21 17821 1.60-21 14521 1.34-21 1.17-21 9.68-22 4,72.22
40 1.35-21 1.12-21 1.03-21 9.61-22 907-22 8.69-22 8.07-22 7.16-22 3.79.22
50 6.80-22 6.36-22 597-22 5.66-22 541-22 52322 50222 46022 2.68-22
60 4.771-22 49322 45522 424-22 40322 38622 3.58-22 3.10-22 1.85-22
80 20722 21522 199-22 187-22 17822 17022 1.59-22 141-22 8.99-23
100 99123 1.03-22 949-23 8.88-23 8.38-23 8.02-23 7.40-23 64523 4,10-23
150 1.55-23  1.57-23 14223 1.30-23  1.19-23 1.11-23 95124 7.34-24 3.86-24
Energy Angle (degrees)

(eV) 30 40 50 60 70 80 90 100

5 9.66-22 594-22 381-22 220-22 15422 11222 7.58-23 6.88-23

7 8.05-22 4.72.22 29422 1.67-22 11022 7.60-23 51623 4.46-23

10 6.74-22 3.79-22 229-22 1.25-22 7.88-23 5.12.23 3.23-23 2.66-23

15 537-22 28922 17022 85723 52423 31823 1.81-23 1.48-23

20 432-22 23722 13522 69323 37623 21223 123.23 9.67-24

22 4.03-22 2.16-22 12222 6.19-23 33423 18723 1.04-23 8.37-24

24 3.62-22  197-22 1.10-22 5.69-23 3.03-23 16623 9,15.24 7.45-24

26 341-22 18322 1.02-22 50223 2.63-23 14423 R.38-24 6.48-24

27 31522 1.72-22 95423 48523 25323 13923 79124 6.38-24

28 3.15-22  1.71-22 942-23 4.68-23 23623 1.27-23 71724 57724

30 29522 1.60-22 88123 42823 21123 11123 6.32-24 51524

35 24422 130-22 7.09-23  3.30-23 1.57-23 8.07-24 4.63-24 3.79-24

40 2.04-22 10822 5.68-23 260-23 11923 60024 3.47-24 2.80-24

50 146-22 7.54-23 3.79-23 1.58-23 6.8524 35424 2.19-24 1.85-24

60 107-22 52723 23123 979-24 4.07-24 21724 138-24 9.71-25

80 55123 244-23 7.50-24 32524 1.52-24 8.45-25 5.66-25 4.42-25

100 26123 10223 284-24 121-24 59325 3.59-25 25025 2.08-25

150 242-24  7.00-25 ° 24525 1.51-25 8.3226  3.52-26 3.47-26

3.06-26
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TABLE 6. DDCS for 50 keV H* on Water Vapour (m2 eV ™! sr™1)

Energy Angle (degrees) _
(eV) 0 1 2 3 4 5 7 10 20
5 43521 29421 27021 2.52-21 23821 22921 2,13-21 19221 1.08-21
10 53421 26121 23721 220-21 20621 19521 1.81-21 1.62-21 9.76-22
15 52121 32521 28921 2.62-21 24221 22621 2.00-21 16821 8.12-22
20 64321 5.07-21 42221 3.60-21 31021 27421 2.20-21 1.63-21 6.66-22
22 743-21 58321 470-21 38921 32821 28221 21721 15321 509622
24 9.63-21 7.09-21 546-21 4732-21 35021 291-21 21021 13921 53622
26 14120 644-21 497-21 395-21 32021 2.66-21 1,93-21  1,28-21 5.01-22
27 23120 9.62-21 69921 52321 40321 31921 21221 172821 47822
28 276-20 7.79-21 57121 432-21 33621 26921 1.82-21  1.13-21 44422
29 2.58-20 8.18-21 59021 438-21 33621 26621  1.76-21 1.06-21 42922
30 8.58-21 3.62-21 28921 23921 20021 17221  1.33-21 94322 4.13-22
35 142-21 13121 11521 10321 942-22 8.80-22 7.70-22 6.37-22 3.17-22
40 7.26-22 72022 6.59-22 6.10-22 57522 54922 50822 4,522 248.22
50 3.56-22  3.65-22 34322 3.27-22 31522 3.07-22 29722 27722 1.69-22
60 2.35-22 246-22 230-22 21922 21022 204-22 19422 1.79-22 1,19.22
80 10722 1.12-22  1.05-22 1.00-22 95923 932-23 90,0023 84123 57623
100 5.63-23 587-23 547-23 518-23 49623 4.81-23 4.56-23 4.19-23 28323
150 1.18-23  1.22-23  1.11-23  1,03-23 96824 9.14-24 R8.26-24 69624 42124
Energy Angle (degrees)

(eV) 30 40 50 60 70 80 90 100

5 6.23-22 39722 28022 1,52-22 89623 6.87-23 5.56-23 5.34-23

10 55222 32422 201-22 10322 57823 37623 23523 2.11-23

15 424-22 23922 14222 7.09-23 394-23 23723 1.35-23  1.17-23

20 332-22 18422 1.06-22 529-23 284.23 1.62-23 8.83-24 7.54-24

22 29522 1.64-22 93923 4.66-23 24923 14123 79824 6.71-24

24 2.65-22 14722 85123 431.23 22523 12423 67324 5.55-24

26 252-22  1,39-22 79423 38323 19623 10623 592-24 5.03-24

27 24222 1.33-22 74423 316023 1.83.23 10123 57424 4.59-24

28 2.25-22 12422 699-23 34523 17523 9.6224 5.52-24  4.69-24

29 2.18-22 12122 68123 328-23 1.65-23 8.93-24 5.07-24 4.30-24

30 2.14-22 11922 6.62-23  3.10-23  1,55-23 83024 4.71-24 38624

35 17022  9.32-23 51223 23923 11723 61924 3.54-24 3.09-24

40 1.36-22 7.51-23  4,13-23 1.90-23 89624 4.69-24 27124 2.735-24

50 9.70-23 5.26-23 2.79-23 1.18-23 51824 28124 17424 1.57-24

60 7.20-23 3.85-23 17123 741-24 32824 17824 1.15-24 8.12-25

80 3.81-23 18023 6.81-24 286-24 1.35-24 177625 5.34-25 4.16-25

100 1.95-23 8.24-24 287-24 1.26-24 6.08-25 3.81.25 2.74-25 22725

150 2.78-24 10324 4.03-25 213-25 1.10-25 63826 5.11-26 5.14-26
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TABLE 7. DDCS for 50 keV H* on Argon (m? eV ™' sr™)

Energy Angle (degrees)

{eV) 0 1 2 3 4 5 7 10 20
5 52721 29621 24521 21121 18621 1.69-21 148-21 1,30-21 93222
7 51821 27621 23821 2.09-21 1.89-21 17521 1.57-21 1.39-21 8.62-22
10 4.02-21 18221 1.73-21 1.66-21 1.61-21 15721 1.50-21 13621 7.46-22
15 32321 20821 1.89-21 1.73-21 1.62-21 15521 14321 12721 644-22
20 4.14-21 3.18-21 2.74-21 24121 21621 19621 1.65-21 13121 54522
22 47721 37721 3.10-21 26521 22721 20321 1.6421 12521 49122
24 6.60-21 5.23-21 39721 31521 25621 21521 16321 1.1621 4.53-22
25 845-21 64121 4.64-21 35121 27521 22721 1.64-21 1.14-21 44822
26 1.08-20 7.10-21 493-21 3.63-21 27521 21921 15421 1.05-21 42122
27 15220 8.87-21 5.70-21 3.89-21 2.8221 21521 14321 9.68-22 3.9622
28 2.15-20 7.76-21 4.98-21 3.41-21 24621 19121 1.27-21 8.68-22 3.69-22
30 8.32-21 34021 253-21 19521 15821 13321 1.01-21 7.5822 33522
35 1.16-21 1.06-21 921-22 821-22 74222 6.86-22 6.03-22 5.11-22 2.63-22
40 6.06-22 57922 527-22 487-22 45722 43822 4,10-22 3.68-22 20722
50 2,80-22 28122 262-22 250-22 23922 23522 22022 21722 13622
60 194-22  2,04-22 190-22 1.80-22 17222 1.66-22 1.57-22 143-22 9.14-23
80 9.04.23 94123 8.78-23 83323 79723 7.68-23 72823 6.64-23 4.41-23
100 4,84-23 5.03-23 4.64-23 4.37-23 41423 399-23 3.69-23 32823 211-23
150 1.0723  1.09-23 9.91-24 9.09-24 83724 781-24 67724 53224 295-24
Energy Angle (degrees)

(V) 30 40 50 60 70 80 90 100

5 6.16-22 4.02-22 2,73-22 1.66-22 1.08-22 8.05-23 59623 5.60-23

7 5.12-22 31822 2.09-22 1.27-22 8.02-23 57223 41123  3.69-23

10 42522 25622 16622 98523 6.06-23 4.13-23 2.78-23 2.41-23

15 3.30-22 1.85-22 11522 6.80-23 4.21-23 28023 19223 1.62-23

20 2.62-22 14322 8.53-23 47823 27923 1.80-23 12023 1.03-23

22 23522 13022 79223 448-23 25723 16323 1.07-23 9.14-24

24 21622 12122 7.16-23 4,03-23 22923 14423 94224 8.13-24

25 21122 1.17-22 6.91-23 3.81-23 21323 13423 89524 7.52-24

26 2.04-22 11222 6.56-23 3.58-23 19923 12623 8.50-24 7.11-24

27 192-22 1.07-22 6.39-23 3.52-23 19523 11823 7.90-24 6.63-24

28 1.84-22 1.02-22 6.02-23 3.24-23 17923 11023 7.61-24 6.44-24

30 1.,67-22  9.40-23 560-23 3.03-23 1.63-23 10123 67624 584-24

35 1.39-22  7.88-23 4.61-23 239-23 12623 7.59-24 5.1624 4.46-24

40 1.13-22  640-23 3.70-23 1.89-23 9.83.24 589-24 4.14-24 3.67-24

50 7.78-23 440-23 248-23 1.19-23 59524 3.62-24 25524 2.36-24

60 550-23 3.03-23 15123 7.06-24 3.5624 23324 1.6524 1.35-24

80 27123 14523 570-24 26024 14324 97625 7.04-25 6.01-25

100 1.30-23 64024 22724 10824 6.01-25 40025 3.0325 27525

150 1.79-24 75625 29725 19325 11425 6.40-26 59326 6.39-26

s i

% 26 APR 2008

o,

A
o






