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Phonon selection rules for neutron and X-ray inelastic
scattering

H: reciprocal lattice vector
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(Mohr et al. PRB 2007) q

normal mode: u(wT)=A (m,)* e(ulq,j) € 'FD +c.e. = Ae(wTlg,) + c.c.

(u: atoms within cell, T: lattice translation, j: degeneracy index)

Dynamic structure factor of the mode:

F{(Q)= (1193 b[e(Tia)Q1 ¢ Qru+T) .
Y, ':}&7-
Intensity from all degenerate modes : =

I(Q) ~ X F(QF  Q=H-q

J




Phonon selection rules for neutron and X-ray inelastic

scattering

H: reciprocal lattice vector

u(u, T)=A &(u,T|q,j) + c.c.

(PRL 81 (1998) 2462)

irrep mode: D"

space group transformation: (R|t) e"(u,T|q.))=2 D" (R|t);&(u, T|q,i)
i

F(Q)= (1/N)Zb [Re(1,T|q.j).Q] ¢ QD+

Ftrj(Q): (1/N)ZbM[ZDqJ(th)ijs(M,T‘qai)-Q] e 1Q.(R(ru+T)+t)

k=K+q-H

F(RQ)=e " 'F(Q)

F'(Q)= XD"(R|); F(Q) |

dynamic phonon structure
factor transforms according
to mode irrep D"

\/

symmetry property of the phonon
dynamic structure factor

F(RQ)=e Q- XD (R|t);F{(Q)

point group PSQ , all operations R such that

Fi(Q)\: e 1Q. tleq’r(R\lt)?} FJ(Q)

RQ=Q

\) representation of P%,

Extinction: For F,(Q)+#0 this
representation should contain the
identity irrep, otherwise F;(Q)=0




NEUTRON: Phonon selection rules for neutron and
X-ray inelastic scattering
Input:

Bilbao Crystallographic Server -+ NEUTRON Help

Inelastic Neutron Scattering Selection Rules

_ Space Group number: Please, enter the sequential number of
group as given in International Tables for Crystallography, Vol. A 34

This program calculates systematic kel
absences in inelastic neutron

scattering spectra, due to the
phonon symetry. E:;Emcal (" primitive (COMD) )
Input data :

P k vector

1. Space group number as given data Coordinates ko ky [0 k, o

in ITA.
2. k-vector data : Label M
o Reciprocal lattice basis

type, which may be
primitive (as in Cracknell- Optional: If you wish to change conventional (ITA) basis check this
Davies-Miller-Love tables
[1]), dual to the

conventional (ITA), or Rotational part Origin shift
dual to non-conventional 1 0 0 0
(see 3.) 0 1 0 0

o k-vector coordinates 0 0 1 0

relative to chosen basis
as any three decimal
numbers or fractions.

o Label of the k-vector (up
to three letters).

(Get results ) OF ( Reset form )




NEUTRON: Phonon selection rules for neutron and
X-ray inelastic scattering
Output:

Inelastic Neutron Scattering Selection Rules for group 34 (Pnn2)

“small” irreps of the little group

are constructed and labelled:
Space group G34 , number 34 l

HERRENRKAANNERRRANNRKANERRRANNN Space-group data * A E A AN N XXX A RANNAN TR RR RN NN N **

Lattice type : oOP

Number of generators : 3
1 2 3 The little group of the g-vector has 4 allowed irreps.
1 0 0 0 -1 0 0 0 1 0 0 1/2 N 33 .
001 0 0 0 -1 0 0 0 -1 0 1/2 The matrices, corresponding to all of the little group elements are
0 0 1 0 0 0 1 0 0 0 1 1/2 X .
Irrep (GM)(1) , dimension 1
1 2 3 B
) ) (1.000, 0.0) (1.000, 0.0) (1.000, 0.0) (1.000, 0.0)
Translation coset representatives : 4
1 2 3 4 _ . .
10 0 0 -1 0 0 0 10 0 1/2 -1 0 0 1/4 Irrep (GM)(2) , dimension 1
0 1 0 0 0-1 0 0 0 -1 0 1/2 0 1 0 1/3 1 2 3 4
0 0 1 0 0 0 1 0 0 0 1 1/2 0 0 1 1/4 (1.000, 0.0) (1.000, 0.0) (1.000,180.0) (1.000,180.0)
HEEEEARAANNANN R AR AN R R AN N q_vcctor data EEAAANAAAN TR AR A NN b *®** ) :r:cp (GM)(3) r dimenSion 1
1 2 3 B
g-vector GM : (1.000, 0.0) (1.000,180.0) (1.000, 0.0) (1.000,180.0)
in primitive basis s 0.000 0.000 0.000
in standard dual basis s 0.000 0.000 0.000
The little group of the g-vector has the following 4 Irrep (GM)(4) , dimension 1
translation coset representatives : 1 2 3 4
(1.000, 0.0) (1.000,180.0) (1.000,180.0) (1.000, 0.0)
1 2 3 4
1 0 0 0 -1 0 0 0 1 0 0 1/2 -1 0 0 1/
0 1 0 0 0 -1 0 0 0 -1 0 1/2 0 1 0 1/
0 0 1 0 0 0 1 0 0 0 1 1/2 0 0 1 1/2



NEUTRON: Phonon selection rules for neutron and X-ray inelastic scattering

Output:

HEERERRRRRAN R RN RN kN Q-vector types and extinction rules EERRRRRRR RN NNk

General form of Q-vectors: Q= ( h, k, 1)
Brillouin zones with

selection rules for the

There are 3 types of special Q-vectors.
o ’ q chosen

H=(001)

The elements of the little co-group, which leaves Q invariant (strict point group) are:
1234

B} =(0,0,1) ,
with parameters: l=any

QI =(0,0,1)

Condition l=any

For 1=1

Irrep Allowed

3 NO

GM 2 YES

GM 3 NO « l=0dd
GM 4 NO

For 1=2

Irrep Allowed

M 1 YES

G 2 w <«—— l=even
GM 3 NO

GM 4 NO

H=(hOl)

H[2]=(hloll)l Q2] = ( h, 0, 1)
with parameters: h=any, l=any

The elements of the little co-group, which leaves Q i
13
Condition h=any, l=any

For h=1, 1=1

Irrep Allowed

GM 1 YES

GM 2 NO =

s v <«— htl=even
GM 4 NO

For h=1, 1=2

Irrep Allowed

GM 1 NO

GM 2 ves «— htl=odd
GM 3 NO

GM 4 YES




Example: Phonon selection rules for the line 2(.,0,0) in Pnn2

Q A
z
q=(000) |q=(a00)
; ; .1“2, T, .r], T, H condition | allowed [ Allow.
2:1 2:1 2:2 2:2 2:1 2:1 (0 01 ) | -even Fl 21
1-odd r >
I, (Lo, r T 2 2
. . 1 3 2 FA
3, s, > 2 3, 3, (hO1) | htl-even | T',, I, 2,
h+l-odd | TI,,T, 2,
0,0,0 r, I r,r
wis o o— > (Okl) |ktl-even | T,,T, | No
% % % | = % Q restric
X k+l-odd | I',, T, )
N IrTreps:
4’/: UTi_ZﬁﬁE’v7
T rw[ q=(0 0 0) q=(c. 0 0)
; \ o | E|lm|my| 2, E | m,
sl a |( 1] rifr|11]1 1 ] 1
i) W s R Ly|1]-1|[-11]1 1
o :LE OA HA I‘3 1 _1 1 -1 5 1 _1
1.8 L (11 11]-11]-1

Brillouin zone Pnn2
(KVECQ)



Example: Phonon selection rules for the line 2(.,0,0) in Pnn2

Q A
Z
r =
C.T T.T 3 z, /\.Fz
g gorl gur N\
21 21 22 22 2l 21 r
> 4
r (1,0,1 = \/
2 0.1r,, T, r f
O— e r
2, 2, 2 2, 2, .F 2, 1
(1,0,1) (2,0,1)
(0,0,0) & .rz’ Iy 'rv Iy R
2:1 2"1 2:2 2:2 21 2:1 Q
X

phonon signal shoul be |
extinct at "




Example: Phonon selection rules for Pn-3m

line F(G,0,0) - example

H[2] = ( h, h, h ) , Q[2] = ( h, h, h)
with parameters: h=any

The elements of the little co-group, which leaves Q invariant (strict point group) are:
159 38 44 47

Condition h=any

For h=1
Irrep Allowed
GM_1 YES
GM_2 NO
GM_3 NO
GM_4 YES
GM_5 NO
GM_6 NO
GM_7 NO
GM_8 YES
GM_9 YES
GM_10 NO
[
line A(G,0,0) - example
H[3] = (h, Xk, X ) , Q[3]1=(h=-0.21, k, k)

with parameters: h=any, k=any

The elements of the little co-group, which leaves Q invariant (strict point group) are:
17

Condition h=any, k=any

For h=1, k=1

Irrep Allowed
DT_1 YES
DT_2 NO
DT_3 NO

DT 4 YES
DT_5 YES

HEEEERRIANNNEEEERIINNNNEEXERRRNNNNEES END FAN AR AR A AN NN N A AR AANNNN AR T ANNNN NN *




Phonon/modes selection rules also present in diffuse scattering

ThAsSe (Withers et al., JSSC (2004)
P4/nmm

Diffuse streaks: (h,k,0) + q, q = (a,p,0)
h+k = odd
program NEUTRON:

q = (a,p,0) - 2 irreps: D,, D,

h+k = even ---- D, allowed
h+k =odd ---- D, allowed



