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Exam (after winter term)
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C> 30min oral exam
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3.3 Reminder: Coherent and incoherent scattering
4 )
Assume a large sample with statistically variations of bj
) No correlations among b:  bb; = (b)%,5' +# j
bj’bj . (?) 3 =3
Double differential crosssection spilts up into two terms:
E 1
( d“o ) _ Ocoh. | Z = <E“¢'HRJ:{D}E—“£HR}{E;I>E—t':a..'fdf
AE’ ) oprene 4m K 27R<= J
2 o
( d?eo ) _ Tinc. o1 Z / <Emﬁj{me_mﬂj{rj> o~ J¢
dﬁdEr incoherent 4?T ’I‘ Qﬂh gt — 00
T coh. — 47h Tinc. = 4’5‘1’(5 —b \J
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3.3 Reminder: Coherent and incoherent scattering

( )
Coherent Incoherent
Spatial and temporal correlations  Spatial and temporal correlations
between different atoms between the same atom
E>Interference effects: C> Constant in Q
E>Given by average of b Q> Given by variations
Bragg scattering in b due to spin,
disorder, random
atomic motion....
.
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4.1 Elastic scattering from a single crystal: Static correlations only!
( Starting point: Coherent elastic cross-section A
dgﬂ_ 4 /\5’3 <E—iHR_;"LmE_iHHJLf}> E—iuidt
AQdE ﬁL QHh b b

Sample: Single X-tal in thermal equilibrium, consider static correlations!

o0 2
d_r:r :/ d o d(hw) = Z biby <E_mHJ,E—mRJ>
3.3

df2 ~ dQdE’

Drop the operator formalism for RJ_ as we look at static correlations

do QZ o—ir(R, —Ry;)

AQeconet E>Informat|on on the position of the atoms

= () — (B X e = N() — ()

dﬂ iTLC.
E> Isotropic, constant background )

\_
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4.1 Elastic scattering from a single crystal: lattice sums
( )
What we used: Our sample is a periodic crystal!
Fig. 2.1 Coordinates of nucleus and neutron.
Neutron
Jth nucleus
Origin
Crystal= Basis+lattice
E . {E?}Q"\.Fﬂ E Eiﬁf _ —s —s 24
dQCDh.EI ] T | with Rj; - Rj' =
3
| a_ M. -
Lattice sum: E e = . E o(K —T)
Real space lattice Reciprocal space lattice
\_ J
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4.1 Elastic scattering from a single crystal: Braggs law
\

é |
3
. il _ (27) G
: £ = Ok — T
Lattice sum./§: = 2 KJ <‘
I T

Real space lattice Reciprocal space lattice

do - (27) ... e
Braggs law: = f*f'ﬂ{ 1 : (b)*Y 8(R—7)
0 -

ds? coh.el t

E>Scattering occurs when kK meets a vector of the reciprocal lattice T

E>Reciproca| lattice vectors T are perpendicular to a corresponding

lattice plane indexed by the Miller index (h,k,l) and i
d; =
(h.k,l)

| Th k.q]

J
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4.1 Elastic scattering from a single crystal: Structure factor

~N
More than one atom in the unit cell: 7 _ ~ L
O O O i
4 ¢ @ © [; Position of the j-th unit cell
d. Position of the a-th atom in
the unit cell
>
2
do (2m)3 o7
— = N bae™ MR —T
d€2 coh.el . Un Z; e Z {h T)
d T
S. — Z hseid  Structure factor (sum
Z over one unit cell)
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4.1 Elastic scattering from a single crystal: Thermal motion
\

Going from operator to standard vector notation of RJ_:

E>Neg|ect thermal vibration of atoms around their equilibrium position

2W (R) = %HE (u?)

Debye-Waller factor describes mean dispalcement <u®>

E> Final result for elastic coherent scattering on crystals

El'l:r (Q.n'l. —_9W {h
df? coh. r:f : [} Z |

/7/ \

Normalization Debye-Waller Structure factor Bragg positions
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