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before 1971:

Crystals: translational periodicity

Au
Au

IntroductionIntroduction

Glasses: no periodicity, no zone boundaries:  ideal elastic medium

C. Kittel

Debye: ~E2
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C.A.Angel et al., 
J.Phys.:Cond.Matt. 15,S1051,2003

A.Wischnewski et al.,
PRB 57,2663,1998

Debye: ~E2

R.C.Zeller et al., PRB 4,2029,1971

thermal conductivity:
additional  source

of scattering ?

DOS  g(E):
additional
vibrational

states !
Reduced DOS  g(E)/E2:

the boson peak !

IntroductionIntroduction

Debye: ~T3

specific heat:
additional  

vibrational states?
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IntroductionIntroduction

A.Mermet et al., PRE 66, 31510 (2002)

boson peak

crystals

dispersion relations density of states

L.Saviot et al., Phil.Mag.B 82, 533 (2002)
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before 1971:
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before 1958:
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thermodynamic
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Nuclear  Inelastic  Scattering:
resonant  absorption  of  x rays  by  moving  nuclei: DOS in absolute 

and correct scale:

57Fe nuclei

v+v-

DOS in absolute 
and correct scale:

ExperimentalExperimental
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Raman and neutron scattering Nuclear inelastic scattering

you can do almost everything,
but not always convenient
and not necessarily precise

you can only cut,
but precisely, sharp, deep,

and exactly where you need it

ExperimentalExperimental
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(i) cooling rate

and

(ii) density

(i) cooling rate

and

(ii) density

Results and discussionResults and discussion
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cooling  rate:
Energy Landscape Model

C.A.Angell et al., ~JPCM 15, S1051 (2003)

Results and discussionResults and discussion
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- quenched from melt to water with a cooling rate of 1500 K/s,
- annealed for 30 min at Tg + 4K, cooled down with a rate of 2 K/s

Dependence of DOS on cooling rate:

A.Monaco et al,  PRL  96 205502 (2006)

Sodium silicate glass:  
(SiO2)74 (Na2O)16 (FeO)6 (CaO)4

Tg = 781 K
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intermediate-range properties:  X-Ray Scattering 

10 20 30
0

500

1000

1500

Momentum transfer  (nm -1)

In
te

ns
ity

 (a
.u

.)

 

 

  
 

0,0 0,1 0,2 0,3 0,4 0,5

2

4

6

8

10

 

g(
ε)

 / 
ε2   

 
 

ε = E / ED

0 2 4 6 8 10 12 14 16

0,0001

0,0002

0,0003

0,0004

 
g(

E)
 / 

E2   (
m

eV
 -3

)

 

 

Energy  (meV)

quenched
annealed

microscopic properties:   Mössbauer spectroscopy 
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macroscopic properties:  ρ & Brillouin Light Scatt.
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density:
cluster model

S.Sugai et al., PRL 77, 4210 (1996)
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Dependence of DOS in glasses on density:

A.Monaco et al,  PRL  97 135501 (2006)

Permanently densified samples:
sodium silicate glass  
Na2 Fe Si3 O8.5

Tg = 744 K 

Heated up to Tg-70K, densified for 10 min at 1 GPa 
at 2 GPa
at 3 GPa

Results and discussionResults and discussion
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intermediate-range properties:  X-Ray Scattering 
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microscopic properties:   Mössbauer spectroscopy 
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Transformation of DOS is described by changes of elastic medium
as it should be for sound waves
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Extrapolation of DOS  to  E → 0  is consistent with the Debye level
as E=0 there is nothing but sound
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For glasses with various cooling rate  ( Tf = Tg-10K, Tg+150K ) ;

density  ( ∆ρ/ρ = 6% ) . 
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functional dependence:
generic motions of molecules and occasional molecular modes
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Localized vibrations
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Transformation of DOS is described by changes of elastic medium
entire DOS transforms like sound

0,0 0,1 0,2 0,3 0,4 0,5 0,6

2

3

4

5

6

 
g(

E)
 / 

E2   (
m

eV
 -3

)

 

 

Energy  (meV)

Extrapolation of DOS  to  E → 0  is consistent with the Debye level
at E→0 there is nothing but sound
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Summary: 

DOS follow functional dependence of sound waves
at E above the boson peak:
nothing but sound
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204 001  papers
on the nature

of the boson peak
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nuclear absorption
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1971:  
thermodynamic

anomalies !!!

1994:  
discovery of nuclear 
inelastic scattering

1984:  
excitation of nuclei by
synchrotron radiation

1958:

a loop in understanding of glass dynamics:

PostScriptPostScript
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temperature dependence of nuclear absorption:
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before 1958:
nuclear absorption
increases with T° ?

2008:
nuclear absorption
increases with T° ?!

a loop in understanding 
of nuclear scattering?
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