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ABSTRACT

In the present measurements, theoretical Rayleigh scattering cross-sections have been 

measured. Differential cross-sections for the Rayleigh scattering for the 40 keV 

photons have been evaluated at an angle of 141 for all the elements in the atomic 

region 1  Z  99. The two basic theoretical approaches to calculate the Rayleigh 

scattering amplitude and scattering cross-sections are form factor (FF) approximation 

and state of art S-matrix approach. The modified form factor (MF), modified form 

factor incorporating the anomalous scattering factor (MFASF) and S-matrix cross-

sections for all the elements have been interpolated from the values available assuming 

the same energy dependence as that for the MFASF values.
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Introduction

A photon interacts with an atom through different processes involving interaction with 

atomic electron through photoelectric effect, scattering, i.e., elastic and inelastic 

scattering from electrons, and pair production around the nuclear field. In the 

photoelectric effect the energy of the incident photon should be either greater than or 

equal to the binding energy of an electron and it gets completely absorbed resulting in 

the emission of photoelectron with energy equal to the energy of incident photon 

minus the binding energy of the electron. In the elastic scattering process, the energy 

of the scatter photon remains same as that of the incident photon. In this process only 
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the momentum is transferred, i.e., direction of the scatter photon changes [1,2]. The 

elastic scattering from the bound electrons,at lower photon energies, gives the 

dominant contribution to the photon-atom scattering amplitude, which is known as 

Rayleigh scattering. The scattering of photons from a virtual electron-positron pair 

created in the field of nucleus is called Delbruck scattering. In the inelastic process, the 

energy as well as momentum of the scatter photon changes. Inelastic scattering is of 

two types, i.e., Compton scattering and Raman scattering. Compton scattering is the 

inelastic scattering resulting in ionization of the atom and Raman scattering involves 

excitation of the interacting electron to higher energy unoccupied bound state. In case 

the incident photon energy is slightly less than binding energy of interacting electron, it 

proceeds by creation of a virtual hole in the respective shell/subshell with the 

corresponding electron excited to an unoccupied state. Simultaneously, an electron 

from a higher-shell fills this hole followed by emission of a photon whose energy 

corresponds to the difference between final and initial holes. It can also result in a 

radiationless transition. The term resonant Raman scattering (RRS) has been usually 

employed whether the excited electron is in bound state or occupies a continuum 
2state.When the energy of incident photon exceeds 2m c > 1.02 MeV, it interacts with o

the Coulomb field of a nucleus and the incident photon disappears with the creation of 

an electron-hole pair. This process of interaction of photon with atom is known as pair 

production. Basic photon-atom interaction processes in the x-ray energy region are 

shown in figure 1. The term cross-section is used as a measure of probability of the 

occurrence of a particular interaction process. 

Figure 1: Basic photon-atom interaction processes in the x-ray energy region.
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Table 1: Rayleigh Scattering Cross-sections for elements with 1  Z  99 at 40 keV at an 
angle of 141

Atomic number
(z)

SM value
(milli barn)

MFASF value
(milli barn)

MF value
(milli barn)

1

 

5.544E-07

 

0.0003651

 

0.0003641

 

2

 

0.0002747

 

0.1130783

 

0.1127269

 

3

 

0.0076357

 

2

 

2

 

4

 

0.069775

 

9

 

9

 

5

 

0.330606

 

23

 

23

 

6

 

1

 

43

 

42

 

7

 

3

 

64

 

63

 

8

 

5

 

84

 

82

 

9

 

9

 

101

 

98

 

10

 

15

 

119

 

113

 

11

 

21

 

138

 

130

 

12

 

29

 

163

 

150

 

13

 

38

 

197

 

180

 

14

 

61

 

246

 

230

 

15

 

55

 

313

 

279

 

16

 

80

 

404

 

357

 

17

 

73

 

522

 

458

 

18

 

82

 

667

 

583

 

19

 

91

 

837

 

728

 

20

 

123

 

1027

 

890
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21 113 1220 1052
22

 

155

 

1415

 

1214

 

23

 

176

 

1607

 

1372

 

24

 

158

 

1787

 

1517

 

25

 

178

 

1967

 

1662

 

26

 

552

 

2131

 

1793

 

27

 

626

 

2285

 

1917

 

28

 

493

 

2430

 

2034

 

29

 

412

 

2566

 

2149

 

30

 

472

 

2695

 

2264

 

31 494 2822 2383

    

32

 

613

 

2941

 

2510

 

33

 

691

 

3054

 

2651

 

34

 

774

 

3164

 

2811

 

35

 

1649

 

3260

 

2995

 

36

 

1302

 

3312

 

3210

 

37

 

1038

 

3331

 

3460

 

38

 

1129

 

3233

 

3750

 

39

 

899

 

2704

 

4080

 

40

 

1754

 

1969

 

4454

 

41 1375 3027 4871
42 1448 3786 5331
43 1188 4489 5833
44 1577 5187 6371
45 1632 5898 6942
46

 

1678

 

6626

 

7540

 

47

 

1717

 

7373

 

8157

 

48

 

1748

 

8130

 

8783

 

49

 

1771

 

8894

 

9412

 

50

 

1784

 

9655

 

10033

 

51

 

1771

 

10407

 

10641

 

52

 

1729

 

11144

 

11228

 

53

 

1525

 

11865

 

11793

 

54

 

1423

 

12566

 

12334

 

55

 

952

 

13250

 

12850
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56 770 13917 13346
57 1232 14575 13832
58

 

1372

 

15195

 

14286

 

59

 
1467

 
15821

 
14741

 

60
 

1796
 

16444
 

15190
 

61
 

2232
 

17065
 

15636
 

62
 

2232
 

17686
 

16084
 

63
 

2458
 

18313
 

16540
 

64 2699 18957  17014  
65 1829 19575  17472  
66 3185 20221  17855  
67 3444 20877  18464  
68

 
2430

 
21547

 
18988

 
69

 
3986

 
22227

 
19535

 70
 

4267
 

22918
 

20108
 71

 
4565

 
23652

 
20741

 72

 

3284

 

24394

 

21419

 73

 

5180

 

25201

 

22146

 74

 

5494

 

25968

 

22926

 
75

 

5814

 

26783

 

23763

 
76

 

4254

 

27592

 

24661

 
77

 

6456

 

28388

 

25618

 
78

 

6778

 

29147

 

26637

 

79

 

7097

 

29836

 

27717

 

80

 

7411

 

30475

 

28863

 

81 7718 31029 30065
82 8022 31418 31317
83 8317 31451 32613

84  6404  30792  33946  
85  6676  26872  35307  
86  6942  24429  36693  
87

 
7209

 
25834

 
38085

 88
 

7466
 

28337
 

39489
 89

 
7727

 
29771

 
40908

 90

 
10175

 
30464

 
42335

 91

 

8218

 

30250

 

43855

 92

 

10639

 

27948

 

45360

 93

 

8690

 

20042

 

46886

 
94

 

8914

 

27551

 

48466

 
95

 

11289

 

31567

 

50015

 
96

 

9339

 

34714

 

51524

 
97

 

11679

 

37520

 

53128

 
98

 

9728

 

40031

 

54689

 

99 12047 42410 56247
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Figure3: Rayleigh Scattering Cross-sections for elements with 1  Z  99 at 40 keV 
at an angle of 141

The theoretical Rayleigh scattering cross-sections in different elementsexhibit almost 

linear angular dependence around 141. The average theoretical cross-section, evaluated 

by taking the weighted average of cross-sections at various scattering angles in 

proportion to the number of scattered photons agrees within 1% with the theoretical 

value at 141. The MF, MFASF and S-matrix Rayleigh scattering cross-sections are 

taken from Ref. [12]. Systematically computed second order S-matrix values are 

available for photon energies less than 300 times the K-shell binding energy on a 52-

point grid of energies of experimental interest in the range 0.0543-2754.1 keV for the 

elements with 1 £�Z�£�103 [12]. The MF, MFASF and S-matrix cross-sections for all the 

photon energies in all the elements under investigation have been interpolated from the 

values available assuming the same energy dependence as that for the MFASF values. 
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Conclusions

In the present results, it is observed that the Rayleigh scattering cross-sections at such 

low energy are significant enough even for the low-Z elements. The scattering 

information available in the energy dispersive X-ray fluorescence (EDXRF) 

measurements is useful for analytical applications related to the low-Z elements and 

hydrogen in the hydrogen-rich samples. 

References

1. P.P Kane, Phys. Rep. 218 (1992) 69.

2. P.M. Bergstrom and R.H. Pratt, Radiat. Phys. Chem. 50 (1997) 77.

3. J.H. Scofield, Lawrence Livermore Laboratory, Report No. 51236 (1973), 

unpublished.

4. L. Kissel, B. Zhou, S. C. Roy, S. K. Sen Gupta, and R. H. Pratt, Acta Crystallogr. 

A 51, 271 (1995).

5. D. Schaupp, M. Schumacher, F. Semend, P. Rullhusen and J.H. Hubbell, J. Phys. 

Chem. Ref. Data 12 (1983) 467.

6.  J.H. Hubbell, W.J. Veigele, E.A.Briggs, R.T. Brown, D.T. Cromer and R.J. 

Howerton, J. Phys. Chem. Ref. Data 4 (1975) 471; 6 (1977) 615 (E).

7.  J.H. Hubbell and I. Overbro, J. Phys. Chem. Ref. Data 8, 69 (1979).

8. D.T. Cromer and D.A. Liberman,  J. Chem. Phys. 53, 1891(1970).

9. B.L. Henke, P. Lee, T.J. Tanaka, R. L. Shimabukuro, and B.K. Fujikawa, At. 

Data Nucl. Data Tables 27, 1 (1982).

10. L. Kissel and R.H. Pratt, Acta Crystallogr., Sect. A 46, 170 (1990).

11. L. Kissel, B. Zhou, S.C Roy, S.K. Sengupta. and R.H Pratt, Acta Cryst. A 51, 271 

(1995).  L. Kissel, Lawrence Livermore National Laboratory, USA (1997), 

P r i v a t e  c o m m u n i c a t i o n ,  w e b s i t e :  h t t p : / / 

www.phys.llnl.gov/Research/scattering/

Proceedings of D.H.E. Haryana approved National Seminar on Science, Technology & Innovation Efforts to Address Covid-19

ISBN:  978-81-955611-7-9 51


	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62

