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Scattering of X- Rays 
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This Hamiltonian contains terms of order {2- J 
2 &>Je will treat 

c 
s cattering to that order . By doing this we are able to take elec-

tronic bound states i nto account more easily . 

The purpose of these derivations is to account for magnetic 

scattering of photons by maanetization densities in matter as dis

cussed by Platzman a nd Tzoar <P . R.B i , 3556 <1970)) and by de 

Bergevin and Brunel \ Acta Cryst. A37, 314 (1981 }) . These authors 

derived magnetic scattering by taking the non-relativistic limit 

of Compton scattering from free electrons. There are. however, 

interesting phenomena which arise from electron binding which are 

important. 

I n t he c ourse of deriving formulas f o r magnetic scattering, 

we produce general formulas w-hich conta.:.n, in appropriate limi ts, 

virtually all .scattering phenomena ( in the "kinematic" , or Born 

appt-oximat ion ) for electro-magnetic radiation , includin?" Thomson, 

Rayleigh , Bra:;g, i:hermal diffuse, and Raman scattering, ar:d anoma -

lous di soersion. Obviously such a general expression nee~s muc h 
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11 ' and :B ' are q_uadratic in __ A~ , while l! ' and 1.:! ' a re 
l 4 2 3 

linear . 

The vector potential ~ is expanded as 

~ ( r_ } == L: 

qcr ( 8) 

'l is a quantization volume, which dro ps out of any physical 

expression . T'ne index a ( = 1,2) labels the two polarizations of 

each wave g and E(ga l is the c o rrespondinq uni t polarization 

vector. Because of the transversality of the waves, 

§. ( gcr ) = 0. ( 9 ) 
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The first term qives t h e usual Thomson scattering expression, 

wh ich depends on the Fourier transform of the e lectron density . 
· 1 , 

Ee 1 r; · £; . The second term, which is smaller t han the first by nw·£ 
00 . -~ 

( rrc 2 
..... • 511 Me1J, so~ -~ . 02 for 10 keV :<-rays) depends on the me . 

. d ·~ F . t - - ik · r. S spin ensi~y ourier ransr orm Le - - J . . .,._,] 

j 

In the limit of high energy photons the terms in il ' 2 and ~ ' 3 
will give additi onal contributions of thi s sort . as will be seen . 

In the second order terms, the intermediate states In > fall 

in two classes : those in which the initial photon has been anni-

hilated first, and those in which the f i nal photon has first b een 

created . 

Diaqramatically these are 
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Eq . ( 13 ) accounts for most x-ray scatterinq phenomena to 

order {_~~~ . 
l TIK: ) 

The firs t <Thomsoni term gives the usual expression for Bragg 

scattering when lb> = la > and the periodicity of t he lattice is 

a cc ounted f m.- . Anomalous dispersion effects occur when 11.wk = 
EC for some state I c > , so that an energy denominator" tJanishes 

E a 
in 

( 13) . We have a dded a term if / 2 to the d enominator s in ! 13 > to c 
take into account the l e vel width ~ which is i mportant only very 

c lose to resonance . Eq. (13) also incudes spin-dependent reso

nance terms , which arise becau se of the s • <:!._ x: A ) term in B ' 

To derive p_urely maa_netic sca tterincr_ ·~ ~=cume w w >> w ...... ~--' " K ' """" k . 

t .t:,; - E i/11 . Neqlecting the latter terms in the denominators of the a c 
last t wo terms, t hese reduc e t o 

m 
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charge scattering can i::::c c u r which will be of this same ord er. 

Because of the i in fr0nt of the maqnetic term this interfe rence 

will occur only if the polari=ation factors are complex ( circular 

polari=ation ) or if the structure is non-cent:rosymrnetric . The 

pure charge scattering is larger than the pure maqneti_ s c atter ing 

by a significant factor : 

(~) 
., z ,,- 1 \17} v rirm qp . l. 

ma•::r \./'\ - ~m ., 
ii N - f ~ 

- ·:harge ID -

where N is t he number of magnetic electrons / atom , N the number cf 
m 

electi::-onsiatom, 

factors . 

and f and f are the magnetic and char·-;re form m 

For Fe and 10 keV photons 

0 mag 
c;, 

cn.a:rge 

... ~ - o 
,., 4 x lU <S> 

Also , the magnetic form factor of an atom falls off more :rapidly 

than the charge form factor because the magnetization density is 

more diffuse spatially than is the charge density : 

I 

f{K) 

l( 
This reduces the ratio even further, fi nal ly the factor <5 >, 

which goes to zero at t he curve temperature is unity on ly a t law 

temperatures . 
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ns s orbit magnecization densi ies. 
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There are many inceresting effects which can be s tudied in 

t he magnetic scatter ing of photons . This technique can c ompliment 

in s ome cases t he neutron scattering measurements . 

P-:-rton<;:r the experi::nents at~e measurements to st1.1dy : 

l. Long period modulated structures 

2 . Differences of spin and o rbit magnetization density 

3. Resonance effects i.e . spin dependent anomalous dispersion. 
which will give greater intensity and will give Bragg peaks 
at points in k space different from the charge peaks 

4. Surfaces using the above resonance methods 

5. Interference between magnetic and charge scattering using 
circular polarization . 

The principal equations derived here are <13) and (15) . A 
fuller discussion of all their properties will be given 
elsewhere . 
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