
  

D3h ⇒ The sign of β is reversed by inversion 
           (but  α is always a positive value)

α
β

α
-β

δφ -δφ

Hyper-Raman scattering

•IR modes active in hyper-Raman scattering

•It exits modes forbidden in both Raman and IR but active in hyper-Raman

•Acoustics modes forbidden in hyper-Raman

Pi(r,t) = µ(r,t)  + αij (r,t) Ej  + βijk(r,t) Ej Ek  + ...

ωi

ωi

ωs

ωph

Hyper-Raman 
scattering 

Polarisation:

Hyper-Raman spectroscopy from Hyper-Raman spectroscopy from 
boron oxideboron oxide
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Coherence effect on the Boson Peak
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 Coherence for two types of modes

 β = β  + ∆β

Average 
symmetry (∞∞m)

Local 
symmetry

3a  a  a
   D(x)  =  0  0  0

 0  0  0
- The value of a depends on the mode
- different for TO and LO

• Properties of ∆β :  Depend on the local symmetry of B2O3 :

Selection rules in glasses 

• Properties  of β   : 
Polar modes  polarized along x axis (same along y or z) :

90 o-Scat.

TO

TO LO

V

H

Ei

q

IVH : projection of TO and LO on H axis → ∝ 0.5a2
TO+0.5a2

LO

IVV : projection of TO and LO on V axis → ∝ 9a2
TO

βxxx= 3a = βVV

βyxx=   a = βVH

Hyper-Raman selection rules :

E''
A2''

A1'
E'

 

Experimentally we observe 

  

The HRS signal of two adjacents rings add
 coherently while it substracts in RS

⇒  Enhancement of the boson 
peak signal in HRS not in RS

Rz

Rx , Ry

In-plane 
librations

Out-of-plane
   librations

Mode    IR       R      HR

  A1’       ( αxx+ αyy, αzz)  ( βxxx-3βxyy)

  E’ (µx, µy)      (αxx- αyy, αxy)       (βxxx+βxyy, βyyy+βxxy)(βzzx, βyzz)

  A2’’     µz                    (βyyz+βzxx, βzzz)

  A2’ (  βyyy-3βxxy)

  E’’          (αyz,αzx)              (βyyz-βzxx, βxyz)

Point group D   3h 

Representation 
for triangles

Selection rules analysis

Optical spectroscopies from boron oxide

A 1 ’:Breathing motions of boroxol rings

•Depol. ratio for incoh. Scatterers : ρHR = IVH / IVV = 2/3  

•We find experimentally :         ρexp= 0.64

VV

VH

O
B

• Relative RS and HRS Intensity : 50≈
I
I

BP
R

BP
HR

I Polar modes ≅ I Boson peak >> I A’1• Hyper-Raman intensity :

⇒ Coherence on the boson peak

Possible origin

• Polar modes: Reflect partially the average D∞h  symmetry

• External modes for which nearby atomes move together

Spectrometer

• Resolution: 

grating 1800 g/mm:  2 cm-1 

grating 600 g/mm:    6 cm-1 

• HRS and RS on the same 
apparatus :

=> Relative intensity
CCD

Grating diffractometer
Sample

LASER YAG  

Q Switch

SHG

- wavelenght: 1064 nm
- average power at 10 kHz: ≥ 8 W
- pulse duration: < 30 ns
- peak power: >60 kW

I
I

R

HR

⇒ The mode fulfill the expected selection 
rules (D3h )

 E’:In-plane polar motions

Back scattering : only TO

Forward scattering : only LO

Triangles 
BO3

Boroxol rings 
B3O3

 A 2’:Out-of-plane polar motions

… and 
    B3O3boroxol rings  [1,2] A1'(R,HR) + [3,4] E'(IR,R,HR) + [2,2] A2''(IR,HR) 

[1,2] A2'(R,HR)  + [1,2] E''(R,HR)

O
B

2D connected 
network of  

BO3 triangles …

O
B

• Planar BO3 triangles  and B3O3 boroxol rings belong to

the point group D3h 

Triangles and rings in the ratio 1/1

• Irreducible representation :

for one BO3 and one  B3O3 = 2(B2O3)

triangles boroxols

An average of N=7  boroxols  might vibrate coherently 

Consistent with out-of-phase librations of 
neighbouring boroxols 

Difference between RS, HRS and Neutron BP

For incoherent scatterers:

∑∝
i ipI ξ

ξ

2

If structural units vibrate with a fixed phase relationship:

High resolution hyper-Raman Spectra

The boson peak

⇒ Out-of-plane libration motions of rings and 
triangles  (E’’symmetry)

⇒ Originate mainly from boroxols rings

E’’

• Same modes scatter in RS and HRS (cf. table)
• RS sees the incoherent boroxol contribution while HRS is 
sensitive to coherent effects
• Difference between RS and HRS :

Modes involving larger than average N boroxols, which 
scatter more strongly, have also a lower than average 
frequency

The boroxol structure is destroyed by lithium substitution 

boroxol rings

triangles

Comparison between B2O3 and Li2O:4B2O3 

⇒ Two origins for the E’ modes in B2O3 :
      triangles and rings 

⇒ HRS allows to separate TO and LO 


