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HARMONIC, QUASI-HARMONIC & ANHARMONIC  

ω (0K, V) 

ω (0K, V(T)) 

Anharmonic effects 
The phonon frequencies explicitly depend on the 

temperature 

Calculations at 0 K (DFPT, FD…) 

The temperature has to be explicitly taken into account (MD, MC…) 

The QHA gives good results in numerous cases… except when the phonon 

frequencies evolve at constant V. 

ω (T, V(T)) 

Quasi-harmonic approximation 
Includes the thermal expansion. The phonon 

frequencies implicitly depend on the temperature 

(through the volume). 

Harmonic approximation 
The temperature acts only through the filling of the 

energy levels. 
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THERMODYNAMIC/ELASTIC/DYNAMIC/TRANSPORT PROPERTIES 

Elastic 
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THERMODYNAMIC/ELASTIC/DYNAMIC/TRANSPORT PROPERTIES 

Dynamic 

stability 
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THERMODYNAMIC/ELASTIC/DYNAMIC/TRANSPORT PROPERTIES 

Thermodynamic 
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THERMODYNAMIC/ELASTIC/DYNAMIC/TRANSPORT PROPERTIES 

Transport 

Everything depends on IFC 
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THERMODYNAMIC/ELASTIC/DYNAMIC/TRANSPORT PROPERTIES 

Specific heat :  

Bulk Modulus : 

Grüneisen parameter : 

Thermal expansion : 
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THE INTERATOMIC FORCE CONSTANTS 

Taylor expansion of the potential energy around equilibrium :  

Here, the forces are :  

AIMD : (            (t) ;           (t))  

Linear wrt θ 

Non-linear wrt u 

solved using a least squares method 

The solution giving the lowest residual is : 

O. Hellman et al., PRB 84, 180301(R) (2011) ; O. Hellman et al., PRB 87, 104111 (2013). 

J. Bouchet & F. Bottin., Phys. Rev. B 92, 174108 (2015) ; F. Bottin, J. Bieder & J. Bouchet CPC 254, 107301 (2020).  
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« TEMPERATURE DEPENDENT EFFECTIVE POTENTIAL » 

Using invariances (translation & rotation), symmetries of the crystal, 

dynamical matrix, elastic tensor, etc, the number of IFC coefficients can 

be strongly reduced.  

For 100 atoms :   at the 2nd order : from ~ 90 000 to ~ 20 

   at the 3rd order : from ~ 27 000 000 to ~ 200 
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« TEMPERATURE DEPENDENT EFFECTIVE POTENTIAL » 

O. Hellman et al., PRB 84, 180301(R) (2011) ; O. Hellman et al., PRB 87, 104111 (2013). 

J. Bouchet & F. Bottin., Phys. Rev. B 92, 174108 (2015) ; F. Bottin, J. Bieder & J. Bouchet CPC 254, 107301 (2020).  
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« TEMPERATURE DEPENDENT EFFECTIVE POTENTIAL » 
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ZIRCONIUM (BCC) : STABILISATION AT HIGH T OR HIGH P 

S. Anzellini, F. Bottin, J. Bouchet and A. Dewaele et al., PRB 102, 184105 (2020). 

O. Hellman et al., PRB 84, 180301(R) (2011). 

The soft mode disappear 

at high temperature or 

high pressure 
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URANIUM (ALPHA) : FAILURE OF THE QHA 

J. Bouchet & F. Bottin., Phys. Rev. B 92, 174108 (2015) 

Correct variation of the phonon 

modes wrt temperature 

Correct variation of the 

Bulk Modulus wrt 

temperature 

aTDEP phonon spectrum in good agreement 

with experiment (300K) 

Exp 
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URANIUM (GAMMA) : THE PHASE DIAGRAM 

C.-S. Yoo, H. Cynn, & P. Söderlind PRB 57, 10359 (1998) 

J. Bouchet & F. Bottin., Phys. Rev. B 95, 054113 (2017) 

Good 

description of 

the phase 

diagram 

Calculation of the 

free energies 
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MGO : THE B1-B2 PHASE TRANSITION 

~6 % 

~30 % 

J. Bouchet, F. Bottin, V. Recoules, F. Remus, G. Morard, R.M. Bolis & A. Benuzzi-Mounaix, PRB 99, 094113 (2019) 

TDEP results in 

agreement with the VACF 

Variation of the 

Gruneisen parameter 

wrt temperature (along 

an isochoric process) 
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HOW TO RUN ATDEP 

As usual…  

…with 3 lines in the input.files…  

… and a few variables in the input.in file (see the atdep suite) : 
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THE OUTPUT FILES OF ATDEP 

A large number of files : 

 Phonon frequencies (omega.dat) 

 Dynamical matrices (dij.dat & DDB) 

 Interatomic Force Constants (ifc.dat & ifc.nc) 

 Thermodynamic data (thermo.dat) 

 … 

 Main output file : 
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WHAT’S NEW IN ATDEP ? 

 Implementation of the : 

 4th order IFCs 

 Dipole-dipole interaction (LO-TO splitting) 

 Alloy description (VCA) 

 Reweighting (see the presentation of A. Castellano) 

 Parallelisation over configurations 

 

 

 Creation of an aTDEP series of test (around 40 tests) 

 Improvement of the documentation for the user (see the « Topic », 

the « Input variables » and the « User guide ») 

 Building of a first « aTDEP tutorial » 
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ATDEP : USER GUIDE – TOPIC – INPUT VARIABLES - TUTORIAL 


