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REVIEW OF FUNDAMENTALS :
WHY 1RDMs & HOW ?

Γ =෍

𝑘

𝑝𝑘Γ𝑘

Γ𝑘 Ԧ𝑟, Ԧ𝑟′ = ∫𝜓𝑘
∗ Ԧ𝑟, 𝑟2, … , 𝑟𝑁 𝜓𝑘 Ԧ𝑟′, 𝑟2, … , 𝑟𝑁 𝑑3𝑟2…𝑑3 𝑟𝑁

Spinless 1-electron reduced density matrix
for a mixed state (N-électrons crystal)[1] :

𝜌 Ԧ𝑟 = Γ(Ԧ𝑟, Ԧ𝑟)

n Ԧ𝑝 = ∫ Γ Ԧ𝑟, Ԧ𝑟′ 𝑒−𝑖 Ԧ𝑝⋅( Ԧ𝑟− Ԧ𝑟′)𝑑3 Ԧ𝑟𝑑3 Ԧ𝑟′
Densities in momentum space

& in position space 𝐽𝑢(𝑞) = ∫ 𝑛 Ԧ𝑝 𝛿 Ԧ𝑝 ⋅ 𝑢 − 𝑞 𝑑3 Ԧ𝑝

F(Q) = ∫ 𝜌(Ԧ𝑟)𝑒−𝑖𝑄⋅ Ԧ𝑟𝑑3 Ԧ𝑟

Theoretical
Structure factor & 
Compton profile :
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Fexp(Q) 𝐽𝑒𝑥𝑝
𝑢 (𝑞)&?



REVIEW OF PREVIOUS WORK:
SDP programming [2]

→NEED OF FLEXIBLE MODEL:
0K unreal?

Other crystals with interactions ?

N-representability Constraints [4]: 𝑡𝑟 𝑃 = 𝑁, Sp P ∁[0,2]

Refinement [3] : min
P

𝜒2 = σ𝛼
𝐹𝛼(𝑃)−𝐹𝑒𝑥𝑝,𝛼

2

𝜎𝛼
2 + σ𝛽

𝐽𝛽(𝑃)−𝐽𝑒𝑥𝑝,𝛽
2

𝜎𝛽
2

Model : Γ(Ԧr, Ԧr′) =෍

𝑖𝑗

𝑃𝑖𝑗𝜙𝑖
∗ Ԧ𝑟 𝜙𝑗(Ԧ𝑟

′) (𝜙𝑖) orthogonalized basis set (AOs & GTOs) 

Data : Crystal simulated F & J + Noise = pseudo-experimental F_exp and J_exp

RESULTS : MOLECULAR CRYSTAL, DRY ICE AT OK
Inferred

(on 3 Compton profile directions, 1800 
structure factors ) Pseudo-real & periodic (Crystal)

1-RDM along OCO bonding (+/- 0,01x 2^n contours)
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Blue = non-negative & Red = non-positive



NEW PURPOSE AND METHODS: 
Road to non-zero K

New Dataset at TK & 
tools: 

Crystal(TZV)[5] + 
Henri Durliat’s team 

work

SDP 
REFINEMENT 

OF P [2]

DILATING 
REFINEMENT
OF BASIS SET 

[6]

SDP 
REFINEMENT 

OF P [2]
Non-Zero K Basis set

+ Zero K P

Non-Zero K Basis set + Non-Zero K P
= Non-Zero 1RDM

Zero K Basis set + 
Zero K P
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Zero K 
Basis set 
(3-21G(d))



NEW PURPOSE AND METHOD: 
HOW TO DILATE ? 4 INVESTIGATIONS
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1) EXPLICIT ONE : Crystal MSDs [8]
+ Dynamical Structure Factors refinement theory [9] ( moving orbitals )
+ thermal non-sensitivity of Compton profiles 

2) « Kappa » : least squares refinement on data at T+ Atomic dilation of GTOs

4) « Alphas » (general case): least squares refinement on data at T+ Dilatation of all GTOs

𝑓 𝑥, 𝑦, 𝑧 𝑒−𝛼 Ԧ𝑟−𝑅
2

𝑓 𝑥, 𝑦, 𝑧 𝑒−𝛼 Ԧ𝑟−𝑅
2

𝛼𝑋 =
𝛼

1 + 2𝛼 < 𝑅𝑋
2 >

𝑓 𝑥, 𝑦, 𝑧 𝑒−𝛼
′ Ԧ𝑟−𝑅

2

𝛼′ =
𝛼

1 + 2𝛼 < 𝑅2 >

For Anisotropic Basis set

For Isotropic Basis set

GTOs :

𝑓 𝑥, 𝑦, 𝑧 𝑒−𝛼 Ԧ𝑟−𝑅
2

𝑓 𝑥, 𝑦, 𝑧 𝑒−𝛼
′ Ԧ𝑟−𝑅

2

3) « Dzêta » : least squares refinement on data at T+ Dilatation of all Atomic Orbitals [6]



CURRENT 
RESULTS

Dry ice at 100K

T
h

u
rsd

ay th
e 2

7
th

 o
f A

u
gu

st, 2
0

2
0Yo

an
n

 L
au

n
ay

, P
ar

is
 S

ac
la

y 
U

n
iv

er
si

ty
St

u
d

en
t

0K Theoretical
1RDM 

(Crystal)

0K SDP-
refined
1RDM

100K 
« Explicit » 

1RDM

100K « Kappa » 
1RDM

100K 
« Alphas » 

(10 iterations) 
1RDM

Déformations
= 100K 1RDM 

- 0K SDP-
refined 1RDM

(+/- 0,001x 2^n 
contours)

(+/- 0,01x 2^n 
contours)

Blue = non-negative & Red = non-positive

100K « Dzêta » 
1RDM



CONCLUSION AND THANKS

NEXT GOAL : POPULATION MATRICES REFINEMENT ON CLUSTERS

TO DO: FIND COMPROMISES BETWEEN DATA AND PERFORMANCE OF REFINEMENTS
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