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1 Methodological details

1.1 Electronic structure calculations, ELF and LOL.

Given that the focus in this paper is to demostrate evidence that the electronic structure

of atoms persists in molecules to a much greater extent than it has been usually admitted

using Born maxima, we have chosen as simple level of theory as possible, and all calcula-

tions have been performed at the single-determinant or subshell active space level, with the

cc-pVDZ basis set. Basis sets have been retrieved from the EMSL server (Pritchard et al.,

2019). Wavefunctions for the ground states of atoms and molecules have been obtained

through the GAMESS suite (Schmidt et al., 1993). The PROMOLDEN code (Martín

Pendás and Francisco, 2023) has also been used to provide some electron densities using

the very same wavefunctions.

1.2 The Slater-Jastrow wavefunction

An efficient and compact form of including electron correlation effects in Quantum Monte

Carlo (QM) calculations is by multiplying a Slater determinant or a linear combination of

Slater determinants Φ by a Jastrow factor eU according to Eq. 1

Ψ = ΦeU . (1)

Φ = Φ(r1, . . . , rN ) and U are respectively antisymmetric and symmetric functions of the

cartesian coordinates of the N electrons of the system, r1, . . . , rN . U is usually expressed

as a linear combination of many-body terms. Many different forms of the Jastrow factor

have been used in the literature. Here we use either the Schmidt and Moskowitz (sm)

ansatz, (Schmidt and Moskowitz, 1990) or the generalized double exponential (de) one

defined by Lüchow and coworkers. (Lüchow et al., 2015) In the first case,

U =
∑

A,i<j

UAij , (2)

where the symbol A stands for nuclei, and i and j represent electrons. Each term UAij of

Eq. 2 has the expression

UAij =
N(A)∑

k

∆(mkA, nkA)ckA

(
r̄mkA

iA r̄nkA
jA + r̄mkA

jA r̄nkA
iA

)
r̄okA

ij . (3)

The k sum runs over the N(A) terms used to express the correlation function of atom

A, where the ckA are variational parameters that are optimized and mkA, nkA and okA are
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predefined integers. The r̄ functions represent scaled nuclear-electron and electron-electron

distances, described by Eqs. 4 and 5, respectively

r̄iA = aAriA

1 + aAriA
, (4)

r̄ij = bArij

1 + bArij
, (5)

where riA is the distance between electron i and nucleus A, and rij the distance between

electrons i and j. The parameters mkA, nkA and okA are integers, and the function ∆ is

one for m 6= n and 1
2 for m = n. Finally, aA and bA are optimizable parameters which in

this work are taken as aA = bA = 1.

In the double exponential ansatz, U = Uee + Uen + Ueen. Uee and Uen are written as

power series of scaled nuclear-electron and electron-electron distances (U =
∑

k ckr̄k) with

fixed linear terms because the orbitals employed satisfy at least approximately the cusp

conditions, and optimizable parameters starting at k = 2. The Ueen term is written as a

power series of scaled ee(rij), and en(ri) coordinates symmetric with respect to particle

exchange. In this work we have used a de444 ansatz terminating the series at the quartic

power k = 4 for both the ee, en, and een terms. This means that in de444 calculations

we need to specify 3 parameters for the Uee term, 3 parameters for each type of nucleus

to build the Uen contribution, and 7 Ueen parameters per nuclear type, since the number

homogeneous symmetric three-body polynomials of degree 4 is 7, as found in Table S1.

We report here the optimized parameters of all the systems studied. The notation is

direct in the case of sm ansatzes. In order to save space, we directly write the coefficients

in the de444 cases: A first line that contains the 3 Uee coefficients is followed by as many

lines as different nuclear types with their corresponding 3 Uen coefficients. Finally, we

write seven lines with as many columns as the number of nuclear types with the Ueen

coefficients ordered as in Table S1.

1.3 Optimization of the wavefunction with Amolqc

In this work, a Slater-Jastrow wavefunction ansatz has been used according to Eq. 1

in variational Monte Carlo (VQMC) calculations. The prefactor Φ was obtained at the

HF/cc-pVDZ level of theory using the GAMESS program (Schmidt et al., 1993). This

is a single Slater determinant in the case of 1S atomic states or closed systems, and a

symmetry-adapted intra-shell complete active space (CAS) linear combination of Slater

determinants in the case of open-shell atoms. Thus, the non-Jastrow VQMC exact energy
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Table S1: Three-body polynomials of degree p=4

p n

4 7 r3
i rj + rir

3
j

r2
i r2

j

rij(r3
i + r3

j )

rij(r2
i rj + rir

2
j )

r2
ij(r2

i + r2
j )

r2
ijrirj

r3
ij(ri + rj)

should replicate that of the standard electronic structure code if no other correction (e.g.

a cusp correction) is applied.

The optimization of the Jastrow factors was performed through the Amolqc QMC

code (Lüchow et al., 2021). In a first step, samples of 1500 walkers were used, after

which an optimization with respect to the variance of the energy was carried out. A new

sample of 1500 walkers is then generated using as trial wavefunction the one containing

the new parameters, which is followed by another optimization, this time with respect

to the energy. The reference energies used in each case were those obtained from the

HF/cc-pVDZ calculation for each system.

1.4 Search for maxima of |Ψ|2

Instead of proceeding with the search of the maxima of |Ψ|2, it is more efficient (and

equivalent) to perform the minimization of the function − ln(|Ψ|2). Both this minimization

and the sampling of |Ψ|2 to generate the {ri} (i = 1, . . . , N) electronic distributions are also

performed with the Amolqc program (Lüchow et al., 2021). The variational Monte Carlo

(VMC) method is used to sample |Ψ|2 in the regions where it is large via the Metropolis-

Hastings algorithm (Metropolis et al., 1953; Hastings, 1970). Then, the algorithms to

perform a local minimization of − ln(|Ψ|2) are invoked. To reduce the computational cost

of these local minimizations, a combination of two methods is used. First, the steepest

descent (SD) algorithm is applied and, after five steps, the code is switched to the L-BFGS

algorithm (Liu and Nocedal, 1989) to avoid the well known size-step problem of SD.
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2 Electron coordinates at the HF+J Born maximum

Nuclei at the origin of the reference System. Majority spin electrons followed by minority

spin ones. All data in au.
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-0.002190 -0.065987 0.006562

0.018256 -0.142671 0.232741

0.011105 0.242247 0.005049

0.215090 0.084747 0.145344

0.037222 1.019014 -0.068996

-0.202572 -0.182572 0.014239

-0.115637 -0.406210 -0.930676

0.871232 -0.345893 0.417557

-0.059525 0.022073 -0.025949

0.007508 0.024432 0.061228

0.188145 0.098447 -0.196210

0.054513 0.017095 -0.037946

0.184607 -0.199472 -0.026491

-0.172089 0.101648 0.186075

0.000000 0.000000 0.000000

KCl

4.484135 0.471245 -0.702411

4.601539 0.023180 -0.085069

4.479778 0.504354 0.679291

4.347906 0.031654 -0.085762

3.777681 -0.471536 0.008846

4.468711 -0.148134 0.046530

-0.549609 -0.620246 -0.822113

-0.579798 0.040640 -0.150049

0.223048 0.629245 -0.018488

4.476567 0.093207 0.124171

4.474191 0.000000 0.000000

-1.499589 0.556358 -0.015275

-0.832875 0.089156 -0.002481

-0.579680 0.049127 0.147412
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5.153294 -0.504519 0.013976

-0.706546 -0.179189 0.005125

-0.675842 0.000000 0.000000

-0.548468 -0.572337 0.856074

4.345482 -0.023102 0.084908

-1.432901 -0.647352 0.019029

-0.615888 0.573732 -0.857578

4.451966 -0.503940 -0.679189

5.185263 0.458505 -0.008541

4.599117 -0.031709 0.085923

4.479005 0.148119 -0.046523

-0.614740 0.621675 0.823487

4.471123 -0.093213 -0.124176

4.447675 -0.470705 0.702255

4.474191 0.000000 0.000000

-0.516027 -0.090298 0.002510

-0.770042 -0.040191 0.149656

-0.642910 0.179039 -0.005119

-0.675842 0.000000 0.000000

3.809953 0.516623 -0.014237

-0.770165 -0.048654 -0.147043

0.286264 -0.541039 0.014865

ClF5

-12.914709 -1.331293 -2.702667

-10.416604 0.591276 -2.338404

-10.293045 0.655411 -2.225521

-12.567802 2.604166 -1.127692

-8.268735 -1.733883 -2.986471

-7.698517 2.026028 -1.340239

-8.159156 2.142326 -1.719126

-10.643298 0.911387 -2.991151

-12.293329 2.726213 -0.925871
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-7.881178 2.297963 -1.483227

-10.354730 -0.404419 0.637779

-10.513622 0.721474 -2.397531

-10.337303 0.508690 -2.471163

-8.324692 -1.816294 -3.572284

-12.045454 2.431681 -0.883175

-8.051479 2.481286 -1.226525

-8.734723 -2.023688 -3.195365

-12.790997 -1.405117 -3.035845

-8.497871 -1.762340 -3.259324

-13.125319 -1.037651 -2.722024

-8.701479 -1.422683 -3.278370

-13.089025 -1.610367 -2.562526

-7.665909 2.514112 -1.677610

-12.118738 2.982914 -1.113964

-10.049224 -0.538980 0.125789

-9.912421 -0.798410 0.676713

-10.520918 0.475175 -2.250485

-10.420349 -0.937780 0.402912

-12.606720 -1.234877 -2.488561

-10.184640 -0.678733 0.481011

-12.405963 2.849044 -0.609430

-10.300872 0.877616 -3.034508

-8.247477 -1.513546 -3.339181

-7.673072 2.389873 -1.207271

-10.314003 0.703337 -2.420856

-9.946314 -0.434008 0.590857

-12.293329 2.726213 -0.925871

-8.712777 -1.804868 -3.548728

-7.692961 2.130815 -1.743223

-10.317349 0.456674 -2.274197

-12.483383 2.490336 -0.736125

-10.497696 0.674039 -2.201673
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-10.184640 -0.678733 0.481011

-8.044790 2.587375 -1.628926

-13.058717 -1.268187 -2.381685

-12.033638 2.867617 -0.723206

-10.416604 0.591276 -2.338404

-12.116506 2.526620 -1.219193

-12.661835 -1.035593 -2.778793

-12.723252 -1.634272 -2.695080

-8.497871 -1.762340 -3.259324

-10.011941 -0.967369 0.355992

-13.167560 -1.342657 -2.961087

-10.375405 -0.515351 0.163262

-8.349675 -2.072041 -3.159176

-10.419868 -0.761645 0.735012

-8.162096 2.054830 -1.373723

-10.537447 0.526876 -2.447775

-7.881178 2.297963 -1.483227

-12.914709 -1.331293 -2.702667

-12.504771 2.983919 -1.066325

-8.718474 -1.613552 -2.977929

C 3P

0.000000 0.000000 0.000000

-0.034353 0.703748 -0.147224

-0.592287 -0.381624 -0.147225

0.626640 -0.322123 -0.147225

0.000000 0.000000 0.000000

0.000000 0.000003 0.787302

C 1D

0.357355 -0.650564 0.131412

-0.357374 0.650554 -0.131400
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0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

0.117279 -0.028323 0.744066

-0.117268 0.028322 -0.744083

C 1S

0.357355 -0.650564 0.131412

-0.357374 0.650554 -0.131400

0.000000 0.000000 0.000000

0.000000 0.000000 0.000000

0.117279 -0.028323 0.744066

-0.117268 0.028322 -0.744083

C 5S

0.000000 0.000000 0.000000

0.432474 -0.098941 -0.564080

-0.164835 0.696219 0.055840

-0.601078 -0.381701 -0.089552

0.333438 -0.215577 0.597792

0.000000 0.000000 0.000000

N 4S

0.000000 0.000000 0.000000

0.432474 -0.098941 -0.564080

-0.164835 0.696219 0.055840

-0.601078 -0.381701 -0.089552

0.333438 -0.215577 0.597792

0.000000 0.000000 0.000000

N 2D

0.000000 0.000000 0.000000
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0.000000 -0.243550 0.551743

-0.000000 -0.356049 -0.486791

0.000000 0.599598 -0.064951

0.624407 -0.000000 -0.000000

0.000000 0.000000 0.000000

-0.624407 0.000000 0.000000

N 2P

0.000000 0.000000 0.000000

0.565847 -0.167031 -0.074060

-0.326819 -0.234523 -0.437899

-0.210668 0.353911 0.451216

0.540331 0.093990 0.297397

-0.600866 0.007707 -0.167739

0.000000 0.000000 0.000000

O 3P

-0.274330 0.088834 -0.409996

0.274329 -0.409997 -0.088835

0.000000 0.000000 0.000000

0.274330 0.409997 0.088833

-0.274328 -0.088834 0.409997

-0.536659 0.000000 0.000000

0.000000 0.000000 0.000000

0.536659 -0.000000 0.000000

O 1D

0.242379 -0.332306 -0.318721

0.242366 0.332308 0.318729

0.000000 0.000000 0.000000

-0.513414 -0.000013 0.000001

-0.242371 0.332302 -0.318724

-0.242378 -0.332303 0.318722
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0.513418 -0.000007 0.000002

0.000000 0.000000 0.000000

O 1S

-0.437773 -0.263108 0.085846

0.000000 0.000000 0.000000

0.002794 0.516692 0.035517

0.434978 -0.253584 -0.121363

0.437773 0.263108 -0.085846

-0.434978 0.253585 0.121363

0.000000 0.000000 0.000000

-0.002794 -0.516692 -0.035517

B2

0.857825 -0.262306 -0.246451

0.000000 0.000000 0.000000

-0.867952 -0.261494 -0.209015

0.000000 0.000000 0.000000

0.014309 0.740111 0.643557

C2

0.191620 0.622305 -0.824700

0.000000 0.000000 1.197141

-0.374842 0.000001 1.877355

0.000000 0.000000 -1.197141

-0.520638 -0.000080 -1.704170

0.191690 -0.622219 -0.824603

0.520650 -0.000109 1.704168

-0.191711 -0.622207 0.824581

-0.191596 0.622314 0.824713

0.000000 0.000000 1.197141

0.000000 0.000000 -1.197141

0.374859 0.000022 -1.877347
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H2O

0.681772 1.829232 -5.664793

0.246723 1.905600 -5.406827

0.200716 1.670037 -4.964689

0.235989 3.604898 -4.850114

-0.237211 1.872643 -5.676976

-1.472777 1.519113 -5.709599

0.246723 1.905600 -5.406827

0.205650 2.336916 -5.059629

0.476386 1.477607 -5.246408

0.377685 2.076703 -5.861435

3B1 CH2

-1.844826 0.000000 0.792513

0.000000 0.000000 -0.085869

1.844826 0.000000 0.792513

-0.000015 0.606366 -0.502760

0.000002 -0.606363 -0.502756

-0.801110 -0.000032 0.269010

0.801101 0.000013 0.269022

0.000000 0.000000 -0.085869

1A1 CH2

-0.252792 0.000012 -1.315155

0.743957 0.000018 -0.101559

-1.634330 0.000000 0.699766

0.000000 0.000000 -0.606224

0.252775 0.000003 -1.315177

-0.743938 0.000004 -0.101541

0.000000 0.000000 -0.606224

1.634330 0.000000 0.699766
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C3O2

-1.482635 -0.428461 0.837041

0.000020 -0.417530 -0.856190

0.000000 0.000000 0.072395

-2.284131 0.000000 0.914042

1.482627 -0.428437 0.837088

-3.888211 0.408481 1.818462

2.284131 0.000000 0.914042

-0.000005 0.961547 0.033689

4.116127 -0.406825 1.021140

-4.883063 0.406258 1.262739

-4.116117 -0.406647 1.021012

-4.655068 -0.407591 2.029887

CaH2

-0.330664 0.274161 -1.033899

-0.034322 -0.076813 -0.509286

-0.322483 0.327825 0.233881

-0.034893 -0.075731 -0.272539

0.142407 0.027286 -0.391018

0.762478 0.142931 -0.397637

0.000433 -3.898100 -1.150698

-0.114994 -0.757404 -0.351835

0.000000 0.000000 -0.391003

-0.073252 0.125261 -0.391987

0.000658 3.613358 -1.085929

-0.000432 3.898100 -1.150698

0.322001 -0.327813 0.234136

-0.142406 -0.027287 -0.391242

MgH2

-0.132300 0.194855 -0.169679
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0.192105 0.135168 0.170514

-0.000003 -0.000003 -3.650725

0.000000 -0.000000 3.612669

0.000000 0.000000 0.000000

0.137869 -0.194977 -0.165061

-0.197672 -0.135037 0.164165

0.132301 -0.194861 0.169640

-0.137867 0.194971 0.165040

-0.000001 -0.000001 -3.610514

0.000000 0.000000 3.658453

-0.192109 -0.135166 -0.170546

0.197670 0.135045 -0.164194

0.000000 0.000000 0.000000
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