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OUTLINE 

The PAW data set 

 

Generation of PAW atomic data 

 

Validation of PAW atomic data 



THE PAW DATASET 
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ATOMIC DATA: WHAT DO WE NEED? 

Wavefunction:   n
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Hamiltonian: 
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Inside circles: atomic data needed  
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Constraints:  

• Precision of the calculation 

• Speed of convergence  (number of plane waves) 

        Have to generate an adapted basis 

In order to perform a PAW calculation, following atomic data are needed: 

        0,~,,~,~,
~
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For each atomic specie 

All electron partial waves 

Pseudized soft partial waves Hartree potential due to nuclueus 

and core electrons (local pot.) 

Core density Pseudized 

core density 
Projectors (dual of       ) R

i
~

R

i
~ Frozen part 

of Dij term 

Definitions of radial grids are also needed 

THE PAW ATOMIC DATASETS 
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THE « PAW DATASETS » 

Generation process 

1- Solve "exactly" the atomic problem (for the given LDA/GGA functional) 

2- Transform some quantities into smooth ones ("pseudization") 

3- Build the partial wave basis and projectors 

Independent of ABINIT (initiated by N. Holzwarth from Wake Forest University) 

Automatically download and installed by ABINIT build system 

http://pwpaw.wfu.edu 



GENERATION OF PAW ATOMIC 
DATA 
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 Choose an electronic valence configuration  O : 1s22s22p4  

 Solve atomic Schrödinger equation    Get  

 Choose an energy set            an radii         

 and invert the Schrödinger equation      Get  

BUILDING PAW ATOMIC DATA  

 i
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Step 1 All electrons atomic calculation (with ATOMPAW for instance) 
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Step 2 Pseudo functions 

 Apply a soft pseudization scheme  
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BUILDING PAW ATOMIC DATA 

 ZcH nv ~

 )(~ rpi

Step 3 Projectors 

Step 5 Additional data 

 Apply a scheme (Vanderbilt or Bloechl) to calculate (optimized)  

Step 4 Local potential 

 Compute                  from Vloc   
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 The logarithmic derivatives of wavefunctions must be equal to the ones of 

a reference calculation (good diffusion properties) 

 

 The energies of excited configurations must be equal to the all electron 

ones 

 

 Transferability 

VALIDATION  AT THE ATOMIC LEVEL 
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The PAW calculation must give the same physical 

results as a reference all electrons calculation 

AE log derivatives and 
"base 2" log derivatives 
are superimposed 
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 Radius of augmentation regions (spheres). 

 Spheres are in principle not allowed to overlap 

 In practice a little overlap is allowed 

 Number of partial waves per atom 

 Pseudization scheme 

 Size of radial grids 

 Softness of Vloc  

 

   Good atomic data are always a compromise between accuracy and 

efficiency 

ATOMIC DATA EFFICIENCY 

The plane wave basis must be as small as possible 
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THE PAW ATOMIC DATASETS 

Approximations can be controlled 

Frozen-core approximation: adding more semicore states 

Size of PW basis: choosing the radius of spheres, the pseudization scheme 

Size of partial waves basis: adding more basis elements 

Efficiency can be controlled 

Plane wave basis: 

Adjusting the radius of spheres, choosing a « soft » pseudization scheme 

Partial waves basis: 

Reducing the number of basis elements by choosing them judiciously 

With PAW datasets… 
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ATOMIC DATASETS : XML TRANSFERABLE FORMAT 

In addition to its proprietary format, ABINIT is 

able to read atomic datasets in an XML 

specification shared by several PAW codes 

<?xml  version="1.0"?> 

<paw_setup version="0.5"> 

<atom symbol="Fe" Z="26.00" core="10.00" valence="16.00"/> 

<xc_functional type="GGA" name="PBE"/> 

<generator type="scalar-relativistic" name="atompaw"> 

</generator>) 

<!-- Atompaw 3.1.0.2 

 Contact info:Natalie Holzwarth 

     email: natalie@wfu.edu   web: pwpaw.wfu.edu 

 Energy units=Hartree, length units=bohr 

 PAW functions generated on 09/26/2013, 10:29:07.032 

 by F. Jollet and M.Torrent 

 Atompaw --> 

<ae_energy kinetic="  1.28767947549867108E+03" xc=" -5.57396260831189352E+01" 

  electrostatic=" -2.50441869925487845E+03" total=" -1.27247884983590984E+03"/> 

<core_energy kinetic="  1.14775669337194381E+03"/> 

<PAW_radius rpaw=" 2.1153157434"/> 

<valence_states> 

  <state n=" 3" l="0" f=" 2.0000000E+00" rc=" 2.0126126692" e="-3.2883573E+00" id= "Fe1"/> 

  <state n=" 4" l="0" f=" 1.0000000E+00" rc=" 2.0126126692" e="-1.5638272E-01" id= "Fe2"/> 

  <state n=" 3" l="1" f=" 6.0000000E+00" rc=" 1.8068708301" e="-2.0449140E+00" id= "Fe3"/> 

  <state n="20" l="1" f=" 0.0000000E+00" rc=" 1.8068708301" e=" 1.7500000E+00" id= "Fe4"/> 

  <state n=" 3" l="2" f=" 7.0000000E+00" rc=" 2.0126126692" e="-1.4018767E-01" id= "Fe5"/> 

  <state n="20" l="2" f=" 0.0000000E+00" rc=" 2.0126126692" e=" 1.0000000E+00" id= "Fe6"/> 

</valence_states> 

<radial_grid eq="r=a*(exp(d*i)-1)" a="3.1899154755203081E-04" d="8.2937802363528008E-03" istart="0" iend=" 1066" id="log1"/> 

<radial_grid eq="r=a*(exp(d*i)-1)" a="3.1899154755203081E-04" d="8.2937802363528008E-03" istart="0" iend=" 1061" id="log2"/> 

<radial_grid eq="r=a*(exp(d*i)-1)" a="3.1899154755203081E-04" d="8.2937802363528008E-03" istart="0" iend=" 1248" id="log3"/> 

<radial_grid eq="r=a*(exp(d*i)-1)" a="3.1899154755203081E-04" d="8.2937802363528008E-03" istart="0" iend=" 1319" id="log4"/> 

<shape_function type="sinc" rc=" 1.8068708301055161"/> 

<ae_core_density grid="log1"> 

  6.2456540783871445E+04  6.0299957939601460E+04  5.8783463041638999E+04 

  5.7907056089984064E+04  5.7288238393672291E+04  5.6248396874291073E+04 

  5.5829380385990808E+04  5.5517928447627492E+04  5.5228173255390437E+04 

  5.4975824157697360E+04  5.4749499469137903E+04  5.4543633708230227E+04 

  5.4354874830453264E+04  5.4180398325253991E+04  5.4018034788719706E+04 
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Reading XML PAW atomic data in ABINIT 

We follow the XML specification for atomic PAW setups 

(http://wiki.fysik.dtu.dk/gpaw/setups/pawxml.html) 

<?xml version="1.0"?> 

<paw_setup version="0.6"> 

  <!-- Aluminium setup for the Projector Augmented Wave method. --> 

  <!-- Units: Hartree and Bohr radii.                           --> 

  <atom symbol="Al" Z="13" core="10.0" valence="3"/> 

  <xc_functional type="LDA" name="PW"/> 

  <generator type="scalar-relativistic" name="gpaw-0.4.2039"> 

    Frozen core: [Ne]  </generator> 

 <valence_states> 

    <state n="3" l="0" f="2"  rc="2.050" e="-0.28773" id="Al-3s"/> 

    <state n="3" l="1" f="1"  rc="2.050" e="-0.10229" id="Al-3p"/> 

    <state            l="0"           rc="2.050" e=" 0.71227" id="Al-s1"/> 

    <state            l="1"           rc="2.050" e=" 0.89771" id="Al-p1"/> 

    <state            l="2"           rc="2.050" e=" 0.00000" id="Al-d1"/> 

  </valence_states> 

  <radial_grid eq="r=a*i/(n-i)" a="0.400000" n="450" istart="0" iend="449" 

id="g1"/> 

  <shape_function type="gauss" rc="6.482669203345e-01"/> 

  <ae_core_density grid="g1"> 

     4.997112961473e+03 4.997112961473e+03 4.857659435098e+03 

4.730193936643e+03 

     3.078708573034e+03 3.000624028901e+03 ... 

  </ae_core_density> 

  <pseudo_core_density grid="g1"> 

     1.783527380470e-01 1.783526543607e-01 1.783524018058e-01 

1.783519781162e-01 

     1.783472111919e-01 1.783457113822e-01 1.783440237043e-01 ...  

  </pseudo_core_density> 

  <pseudo_valence_density grid="g1"> 

     7.836203580181e-02 7.836203580181e-02 7.836211517332e-02 

     7.836421778452e-02 7.836474816881e-02 ...  

  </pseudo_valence_density> 

  <zero_potential grid="g1"> 

     1.154109661258e+01 1.154108143790e+01 1.154103564273e+01 

     1.153982255831e+01 1.153951657690e+01 ... 

  </zero_potential> 

     

<ae_partial_wave state="Al-3s" grid="g1"> 

     6.333026304612e+00 6.245234361727e+00 6.157050490525e+00 

     5.624207462754e+00 5.552447960346e+00 ... 

</ae_partial_wave> 

  <pseudo_partial_wave state="Al-3s" grid="g1"> 

     3.726835050749e-01 3.726836067287e-01 3.726837088363e-01 

     3.726864137237e-01 3.726870960264e-01 ...  

  </pseudo_partial_wave> 

  <projector_function state="Al-3s" grid="g1"> 

     2.936351924351e+00 2.936360229566e+00 2.936368571858e+00 

     2.937019519487e+00 2.937114112636e+00 ... 

  </projector_function> 

... 

... 

... 

  <kinetic_energy_differences>  

     9.548475423963e-01 0.000000000000e+00 -6.270780268138e-01 

0.000000000000e+00 

     0.000000000000e+00 3.991846008068e-01 0.000000000000e+00 -1.404411364367e-

01 

     -6.270780268138e-01 0.000000000000e+00 -1.206059432108e-01 

0.000000000000e+00 

     0.000000000000e+00 -1.404411364367e-01 0.000000000000e+00 6.321237281771e-

02 

     0.000000000000e+00 0.000000000000e+00 0.000000000000e+00 

0.000000000000e+00 

  </kinetic_energy_differences> 

</paw_setup>     

 

http://wiki.fysik.dtu.dk/gpaw/setups/pawxml.html
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AVAILABLE PAW ATOMIC DATASETS FOR ABINIT 
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AVAILABLE PAW ATOMIC DATASETS FOR ABINIT 

J-T-H table : from ABINIT website – http://www.abinit.org/PAW2/JTH-TABLE 

CEA France + Wake-Forest University 

G-B-R-V table : http://physics.rutgers.edu/gbrv 

Rutgers University 

ATOMPAW table : http://pwpaw.wfu.edu 

Wake-Forest University 

GPAW table : http://wiki.fysik.dtu.dk/gpaw/setups/setups.html 

DTU Denmark 

And more to come… 

http://www.abinit.org/PAW2/JTH-TABLE
http://www.abinit.org/PAW2/JTH-TABLE
http://www.abinit.org/PAW2/JTH-TABLE
http://physics.rutgers.edu/gbrv
http://pwpaw.wfu.edu/
http://wiki.fysik.dtu.dk/gpaw/setups/setups.html


VALIDATION OF PAW ATOMIC DATA 
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THE DELTA FACTOR 

« Error estimates for solid-state density-functional theory predictions: an 

overview by means of the ground-state elemental crystals », 

 by K. Lejaeghere, V. Van Speybroeck, G. Van Oost and S. Cottenier 

 Critical Reviews in Solid State and Materials Sciences,39,1, 1-24 (2014) 

 available on arXiv: 1204.2733v3 

 

The Delta parameter: 

 

Tested on 71 elements (from H to Rn) 
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THE DELTA FACTOR 

Atomic datasets validation against all electron calculations 
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The delta factor 

With the delta calculation package (v1.1), CIF files for 71 

elements are available. 

 

 71 input files for ABINIT are generated (python script) 

 

 6750/N kpoints for a N atoms unit cell 

 

 7 calculations with volumes from 0.94         to 1.06  
 

 V0, B0, B’0 are deduced from the E(V) curve 

 

 The delta factor is calculated comparing with the Wien2k 

results  

refV0

refV0



PAW atomic datasets  |  May 12, 2014  |  PAGE 21 

Results in ABINIT  

JTH table : 71 elements 

GBRV-v1.01:   =1.606 m eV 

 (meV) 12 Ha 15 Ha 20 Ha 40 Ha 

PAW 0.9 68 elements 4.845 2.289 1.559 1.552 

GBRV 63 elements 4.486 2.617 2.420 2.345 

JTH 71 elements 2.461 0.817 0.363 0.453 
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Results about ABINIT efficiency ecut=20 Ha 

GPAW 0.9    =1.6 meV 

GBRV    = 1.606 meV 

JTH  =0.4 meV 
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Comments about the  factor 

The  factor is a good tool to benchmark codes and pseudopotentials 

 

However, it supposes: 

- The reference all-electron calculation is well done 

- References are calculated for lanthanides and actinides 

- Some compounds are added (oxydes,…) 

- It is given together with a cut-off energy (for plane waves) 

The  factor is very sensitive to the values of V0, B and B’ for some elements 

 and not for others.  

For instance: 

-For Cs:  V0=0.76% leads to  Cs=0.39 meV 

-For Os: V0=0.76% leads to  Os=9.14 meV 

Towards a modified  factor? 
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The 1 factor 

1 (meV) 12 Ha 15 Ha 20 Ha 40 Ha 

PAW 0.9 68 

elements 
12.117 5.267 3.092 2.828 

GBRV 63 elements 8.243 5.698 5.363 5.155 

JTH 71 elements 7.671 2.187 0.888 0.970 

(a) High B element 

(b) Low B element 

0.57 GPa (Ar) < B < 401 GPa (Os) 

7.2 Bohr3(B) <V< 117.7 Bohr3(Cs) 

1 factor        renormalized  factor 

For all elements: 

 Bref is set to 100 GPa 

 Vref is set to 30 Bohr3 

  


AEAE

refref

BV

BV
1
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The 1 factor 

F. Jollet, M. Torrent, N. Holzwarth, Generation of Projector Augmented-Wave atomic data: 

 A 71 element validated table in the XML format , Comp. Physics Comm., 185 (2014) 1246-1254 
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HOW TO GENERATE ATOMIC DATASETS 

Follow the tutorial! 

Delivered with ABINIT package 
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