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SAM: Modes and selection rules for Infrared and Raman Spectroscopy  

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



Phonon selection rules for neutron and X-ray inelastic 
scattering 

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

Fj(Q)= (1/N)Σ bµ[ε(µ,T|q,j).Q] e iQ.(rµ+T)  

normal mode: u(µ,T)=A (mµ)- ½ e(µ|q,j) e iq.(rµ+T) + c.c. = A ε(µ,Τ|q,j) + c.c.  

Dynamic structure factor of the mode: 

Intensity from all degenerate modes :                         

I(Q) ~ Σ |Fj(Q)|2 

k = k’ + q - H 

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



Phonon selection rules for neutron and X-ray inelastic 
scattering 

F
tr

j(Q)= (1/N)Σbµ[Rε(µ,T|q,j).Q] e iQ.(R(rµ+T)+t)  

u(µ,T)=A ε(µ,Τ|q,j) + c.c.  
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Q=k’-k 

Q=H-q 

q

  H: reciprocal lattice vector 

k = k’ + q - H 

space group transformation: (R|t) 

F
tr

j(Q)= (1/N)Σbµ[ΣDq,τ(R|t)ijε(µ,T|q,i).Q] e iQ.(R(rµ+T)+t)  

εtr(µ,T|q,j)=ΣDq,τ(R|t)ijε(µ,T|q,i) 

F
tr

j(RQ)= e iRQ. t Fj(Q)  
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irrep mode: Dq,τ  

dynamic phonon structure 
factor transforms according 
to mode irrep Dq,τ  F

tr
j(Q)= ΣDq,τ(R|t)ij Fi(Q) 

Fi(RQ)=e iRQ. t  ΣDq,τ(R|t)ij Fi(Q) * 

point group Ps
Q , all operations  R such that RQ = Q     

Fi(Q) = e iQ. t  ΣDq,τ(R|t)ij Fj(Q) * 

representation of Ps
Q 

Extinction: For Fi(Q)≠0 this 
representation should contain the 
identity irrep, otherwise Fi(Q)=0 

i 

i 

j 

symmetry property of the phonon  
dynamic structure factor 

(PRL 81 (1998) 2462) 



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



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

“small” irreps of the little group 
are constructed and labelled: 



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

Brillouin zones with  
selection rules for the 
q chosen 

l=odd 

l=even 

h+l=even 

h+l=odd 

H=(00l) 

H=(h0l) 



Example: Phonon selection rules for the line Σ(α,0,0) in Pnn2 

Qx 

Qz 

(0,0,0) 

(1,0,1) 

q=(0 0 0) q=(α 0 0) 
   H condition allowed Allow. 
(0 0 l ) l -even Γ1   Σ1 

l - odd Γ2   Σ2 
(h 0 l) h+l -even Γ1 , Γ3   Σ1 

h+l -odd Γ2 , Γ4   Σ2 
(0 k l) k+l -even Γ1 , Γ4 No  

restric. k+l -odd Γ2 , Γ3 

E my 
Σ1 1  1 
Σ2 1 -1 

irreps: 
q=(0 0 0) q=(α 0 0) 

Brillouin zone   Pnn2  
(KVEC) 

Γ1, Γ3 

Γ1, Γ3 Γ2, Γ4 

Γ2, Γ4 

Γ2, Γ4 

Γ1, Γ3 

Σ1 Σ1 

Σ1 Σ1 

Σ1 Σ1 Σ1 Σ1 

Σ1 Σ1 

Γ2 

Γ1 

Σ2 Σ2 

Σ2 Σ2 Σ2 Σ2 

Σ2 Σ2 



Qx 

Qz 

(0,0,0) 

(1,0,1) Γ1, Γ3 

Γ1, Γ3 Γ2, Γ4 

Γ2, Γ4 

Γ2, Γ4 

Γ1, Γ3 

Γ2 

Γ1 

Σ1 Σ1 

Σ2 Σ2 

Σ2 Σ2 Σ2 Σ2 

Σ1 Σ1 

Σ1 Σ1 Σ1 Σ1 

Σ1 Σ1 

Σ2 Σ2 

Σ2 

Σ2 

Σ1 

Σ1 

(1,0,1) (2,0,1) 

Γ1 

Γ3 

Γ4 

Γ2 

Σ2 

Σ2 

Σ1 

Σ1 

(0,0,1) (1,0,1) 

Γ1 

Γ4 

Γ2 

Example: Phonon selection rules for the line Σ(α,0,0) in Pnn2 

phonon signal shoul be 
 extinct at Γ



Example: Phonon selection rules for Pn-3m 

line Δ(α,0,0) - example  

line Γ(0,0,0) - example  



Phonon/modes selection rules also present in diffuse scattering 

NEUTRON can also be used to interpret patterns of diffuse scattering 

ThAsSe (Withers et al., JSSC (2004)     

Diffuse streaks: (h,k,0) + q , q = (α,β,0) 

h+k = odd 

P4/nmm 

program NEUTRON: 

q = (α,β,0) - 2 irreps: D1, D2 

h+k = even ---- D1 allowed  
h+k = odd  ---- D2 allowed  


