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FEAT S P T i 2 8 R L AR AR 5 B SR (G I T LAPWELLCAO Ny
JEIISCAIR N BRGSO (LT Test_ Summary SCHFRAD .

ISR, T2 K EEE (Density Functional Theory, DFT) U121 28— Ji BT H 55 6 N A
FERSWEL, MRRLE . 5 RS SR E R RANAE 1 LR . BEEBZOHENU K R
EEVER D, R 5 — MR B SR T VR AT 60 B T A 1 L R DL A B g A s A A
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ATAERETHETRE . 508 B ks B0 R a5, DU s S S HE 5 T 5 e
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Figure 1 Schematic diagram of the hierarchical optimization process for atomic orbital basis sets
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B NSCAT P T RS SO, AT R T A S B Ookig 1T CGH Hiik.

R1 F R SIAB EFHRASH
Table 1 Input parameters of the first version of the SIAB program

s ¥4 SHEHIR

1 EXE_mpi 5 47 /53 MPIRUN R &, 40 mpirun -np 8

2 EXE pw S ABACUS —#HlfE /7 R BT $AT a4, W ABACUS.mpi.
3 EXE_orbital 'S 3 FF CGH AR K PUERAFE 7 I Es 25k Ay 4, W1 SIA.exe.
4 targets HEHPERMARPIAT BT, NMAEN B4R, W1 14_Si_100.
5 ref_bands SNGE SN TR

6 nbands HE M TR SR EE .

7 Ecut S TSR R R AT (AL Ry) .

8 Reut AR R R L B2 B AR T (BAA7 Bohr)

9 Pseudo_dir JOR A S I H 3o

10 Pseudo L E A

11 sigma ST v S o Ao P 90 B K THT PR A0 e TR e B e (B4 Ry) , WTk 0.01.

12 BLSTRU# SRR, RN SHEN, SHENERTRKIIE.

13 SkipSTRU BEXEEA R, R I T R B AL, & T R R JE AR

14 ListSTRU R A HK, FIa0 dimer. trimer 28, FT H 3G P HE R F 4587,

15 maxL R 2 B E BRI s, HTRIgn kg AmsEE.

16 Level S IERACEE R )25

- eveli Hor g ZHRbE N1 IFIRD |, B MENARER KA E R T8, F8ENED
AN ENPIER, WA B AR 2s1p BUIERF, BI0H 121,

18 Start_tem_S FERUE KAk Spillage0 B AUCLAIRE, Bl 1.0e-3.

19 Start_tem K | BDLE K FEACE) REIUN AL AR, 541 1.0e-1.

20 Step_S Ak Spillage0 FIBENLZH, NIRIFA SR BRaE, TLARER—L, 50,

21 Step_ K FEMBN AT BENL AP EL, AL BRI R R S s Be s sy, WREE N 30,

22 Delta kappa | MAKBHAENT T Spillage0 48 KSR 2%, AT E N 0.01,

M FH 5 IR SIAB JEFHUIE S E AR 75 LRH B0EGIE R T SR, SOk &
B EKN SR 2 s,
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Table 2 Input parameters of the second version of the SIAB program
s SH & SHEHR
1 EXE ey Python fEI7< J5 3 &4t Shell BEARMCFHEIVE S, T Z/E Shell *h i HIn#IA 55 fT A 51
- AT T2
2 EXE_mpi 5 JF47 53 MPIRUN F2 &, 15141 mpirun -np 8.
3 EXE pw S ABACUS —#HilfE /7 R BT $uAT a4, W ABACUS.mpi.
4 element JLERA, W Ag.
5 Ecut. Reut% | Ecut. Reut. Pseudo_dir. Pseudo. sigma ZE({H 5% 1 FEREAAE
] STRUS BHSSHEMBM P RECT R, IRENMEL, il BRAZE. BiRSHSE
B, Wdimer 33 3 1 23 2.7 3.2
; Levels FEHEPIERAN, TEMEAMSEHES (I STRUS . %N (RefBands) &
HEERMAMHIE (InputOrb)  FIEELE (OrbitalConf) .
7y auto B, HENG FTE AR : N n i, FORXHEE WAL ATE B S %5
8 RefBands BIFRH n NS H R RBIORT G ONFIERN, FERNGANSE LR ESH R
WHL W 3 SRS, TREN “[3,4,5]7
. — ALY none. fix. unfix, 73 HIFREARANGIE . e NP AL B
ANV IR B — 5, FRARERIEAT AL .
10 Savet# g3 7 AR R BUE AL Z 9 DL ARAF A4 B, ] Level2 DZP.

PR B 7 B S AL AR P R AR R, EFEAFERE S B, PUERE DRSS
SRS, HIBURERMHUERAG AFRE STRERNTE. R, K — ROk T A
A, [ SR G T T S ARSI B e 2 BT T NIRRT, A2 5 S 2 A e O E AR
Puaittt, Ser HE R R E X, &R E AU ARSI, Ak 5 RUE

=i
=B

SEREEHER e, FEE U HM SR A& SR S SR . Rl ABACUS B %
BT LT B WIS A H 45 H ¥ PDF SCRY s 9 BT SCRS 32 275 2 MPI AT T R A% 5
B AR AR o B o T L B R R T LR SV AT I 1 T L2 2 R 75 22 2228 PyTorch #fF
A FHAZ AT I = 006 BE R BB, AT DUK OO PR A TS o AR SCHERE A A Il 2 vIL1.0 F
A, FARRRAAT B R BN e 2 5e i, R LA i A i s R A X D 4131 s
731847 Herb 32 4L 1) Bash 5 Python JASRI AT

AT FE PR A R EE H kg5 R, A AR VRN R S H &
2.1 BOBEESCHE RGN

3P TASO R LB R PUE SR, DR g G B 1 SO H i
Hop IR R 30fE (R 7n Bl BT R MR . AR SCR AT KB 1058 — )2 H =
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DEHFEHIR

“Reference_Data” SUAFFARAE T SIS AT FREZSIH S HLYE, XREAMEER . HAh=A 0
&, 3R “Dojo-NC-FR-0.4” “Dojo-NC-SR-0.4” “SG15-1.07 , R4 780 N =4 &4 7.

K3 RETPEEABEASMALRE M B REH

Table 3 Directory structure of atomic orbital basis set files and input configuration files

Dojo-NC-FR-0.4

LRH_ SZ-DZP-TZDP__E100Ry.zip

Dojo-NC-SR-0.4

LRH__SZ-DZP-TZDP__ E100Ry.zip

SG15-1.0

LRH__ SZ-DZP-TZDP__E100Ry.zip

CGH__ MixDZP_E60Ry.zip

CGH__MixDZP-MixTZDP__E100Ry.zip

CGH__ZP-DZ-DZP-TZDP__E100Ry.zip

Orbitals Complete E100_DZP.json

Orbitals Standard E100_DZP.json

Orbitals Dataset

Ag DZP

Ag gga 10au_100Ry 4s2p2dif.orb

... Orbitals for other Rcuts

info

10 (VEFE: XL, Reut HlHmr#)
ORBITAL PLOTU.dat

ORBITAL RESULTS.txt
SIAB_INPUT (/£FE: K/ LRH H7EH R 1)
... Details for other Rcuts

ORBITAL INPUT (/£#: R CGH H7%h1 1R77)

Ag 7P

... Orbitals for other elements or configuration

52 R A R T PER G L R R B DA K S A i T T
B R E AT . W Dojo-NC-FR-0.4 HX NAWATH, Rnmnltid 7 4 BE FHIESEA, H
CGH__ZP-DZ-DZP-TZDP__E100Ry F/~{#i [l CHG kM%7 ZP. DZ. DZP. TZDP VUFAS [F] H A
R EAE, R 100Ry 15 275 I ok 3011 T T i3k e bk B

TEH =)= B, AHE Orbitals_Dataset SUAF I LK 2 AN json M43 SCASOA:, 1 4 & Ui 5t
YRR, json XA E B T RIS G R S5 R A TSGR M HUE ) Reut F13K, json U4
] “Complete” FR/NEEEM] Reut 513K, “Standard” FRonIET 5520 & PPAE 45 BT @ AR 4E Reut
fE.

VY2 H 3% (OrbitalsDataset SCAFI2 ) L& £ REAN G 2R 508 N A 2H 2R A i hoe SO B %

o B R, 2026, 11(1) |7



csa\ T R — MR R TSR

DEFS IR

“Ag DZP” ) , H b B FF P T LK info H X . — AN HLE L o8 B, W
“Ag gga 10au_100Ry 4s2p2dif.orb”, FINEHXT Ag iR KH GGA iZ K5 100Ry [1)F [ 7 & A
Wikl YE 2% s 8, P4 RO R AT 10 Bohr BUIE AR BT (Reut) P 4s2p2d 1 LA B SR 751
B . info Hatrh, 44 T8 Reut A S SOk, KA LRH VLM &R, 7E5 Reut
XA IR T XN Reut (IS SCHE “SIAB INPUT” , 5 {ffi & IR 51804 KA CGH 5
AR, AXAE info H W ARAE— 157 Reut BIHIA S “ORBITAL INPUT” . [HE, 7EFTA Reut
SR T N EALES N SCE “INPUT” , ot RIS AT RIS e, 5 40k 4 3
IR AT, — RSO T ER A .

TERFAN Reut SCHFR A, GRAFEAA 546 1 25 T Bk U1 28 7R oR B2k M 4 & 38 B0 51 i B 4H S
“ORBITAL_RESULTS.txt” , A BAJ7{f /7 J5 2k LA R 7 HUE FE N AN VIGG 18, 31T fix 3 unfix G
NXOWLER 2 W) InputOrb ZEUAERRE O [ 3E— B A4k « 7238 7 Reut XA, i8R ¥ ORBITAL_PLOTU.dat
S, HEER S — SN RS, RESIN SN BENPGE, T IERTE, Bl
R E 2 Fios .

FER 5 R AT UL ERERT, RO A K& /AN SCHEAMEE i, B DURE 7 38 — 2 SO kAT T
JE4E, LA “zip” SCHFRIE R B T BIE, ARma RN H 4.

2.2 FETFHERABIEEH
AN IR E i AR % O 1A SR T 0 SR A O SO B R S, R 4 Bs . B “Lorb” S5
ZRIHE A, A2 ANHERAREGEER, SNENMESEETFTRL 520N FEEFHN, £

L —A L 8 N AE Rl BAEIER A REUGE R AT S AR, Wmrselt, K
H 801,

R4 RTPEEEHE BRSO B SR

Table 4 Example of the data structure in an atomic orbital basis set

s Gy A S HamgatE fERE
1 Element Si LR
2 Energy Cutoff(Ry) 60 e AR T
3 Radius Cutoff(a.u.) 8 AR
4 Lmax 2 ARTH
5 Number of S orbital 2 S f Bl EBIER
6 Number of P orbital 2 P B EHIES
7 Number of D orbital 1 D Az EHIEE
6 Mesh 801 BB AR 1) R BB A% 2L
7 dr 0.01 BB AR 1) bR SR A% [ B
8 Type 0 B it Fiay DAY N2t S B Y |
9 L 0 TG AR 1] R BORE S0 L 1 S B T
10 N 0 YR ETEAR [7] bR B ST IR 1) E B T
11 TS T 1 i A ) BRI R () P B U
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Figure 2 Radial distribution of DZP atomic orbitals for silicon

23 JRTFHEEHARDPFETR

AR 0 5 B S A AR B K /NAT BA4Y A ZP DZ. DZP. TZDP 2 AN[FZ A, HARPIE
AR EL L E R H SR 45 SR AR, nAg DZP”o A/ R I 23 S 1R300 X

DA Sigoz A, H SG15-1.0 EH e LT N2, XN H 45858 1slp, B THuE
AN R CHIE (PR Z I8 o b Z Bl b e A s B PLIE = — N B T RO T LE B RR )
e (RP P #LE) o ARSCH S 3R Single, D 7K Double, T IR Triple, FTLA, %71 SG15-1.0
JEH A Si JiE, SZ. DZ. ZP. DZP. TZDP BT HZE > 3N 1slp. 2s2p~ 1slpld. 2s2pld.
3s3p2d.

TERTIA H 5, HPA MixDZP AriR, X2RN, B —#anExm Z uEFhxkmfAE T
HPIERFERE, FE, HPRMBEE RS, TRFREE— Pk iuE, BroEH DZ i
BAE T DZP Bl E, X#4rJGEA Ga. Ge. In. Sn. Sb. Te. I. Xe. Ba. Hf. Ta. W. Tl. Pb.
Bi. [FIfF, FEAHRH) MixTZDP FUE 4 o, X Len 3R EIESEPR N %42 TZP BiiE, RI=JZ Z $uid
I—Z Al P #UE . FRATPEAEARSCE SR, XX 5 e, iS5 EoR DZP JluE S DZ $
ERASEE 2 R, DL TZDP $UE 5 TZP 308 2 (B kS BE 2 5

XFFER Sy G E ) TZDP $UiE, Hos el MEHEL L2, FHRRIEHAEMRE, &EHGM
1 s UIE S RAAPIEES, FUbgaE s, KA SRR, W v R /)N, AR
HEFEFR N TZDP Ui

TEJG SR AR — T, SRR MR AL S A . ARSI BRSO, Skt
SHEANTCER, A AN I EE AT R R TS B R

AU EE S, Rl BN 7O E R RV R, DU RENS S A ke B A IS R IR
MIBUE, XTPIERME A RETE M. AERAPUERIRR BRI R, AP R TP
Pa AT Spillage HAREEATOCAL, M0 H 23 A7 b Fi i 1) o B VPl F bR db AT Bdl e, S B ¥
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DEFS IR

PREEA G BRIl DA I B i A A 7 PUE Hdla 2
3.1 REHEEIE SR B REH

Ji R HE SO B G IR 5 R, DUR 2 AIVEIR S AN SO R S SRRl ) ot B s 2 AR
1k H 5 Spillage %08 (HLH5ATIA Spillage0 Bk Spillagel ) , &E/NHLIE 1 H ik 45 B y0L S R A7
Test_ Summary SCAEJe . #4044 “Spillages DZP_orbE100.dat” w1, &A% EE HE4
Fr4ER RS 5 RAEE T, BT 100Ry ~F 1o Ae S8, Frit b &> o= KA Reut B
Spillage. [FIWy, fEFIH “*png” B, W2 7 AT

RS EFHOEEALEERETEEEE

Table 5 Quality assessment of the atomic orbital basis set database

SG15-1.0

Test VE PW

VE_WFEcutl00Ry pw Ag.dat

CGH__ZP-DZ-DZP-TZDP__E100Ry.zip

Plot U

10 Ne DZP _orbE100 lcaoE100 PLOTU.pdf
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Figure 3 Examples of VE curves calculated using different software or algorithms
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Figure 5 Effect of different plane-wave cutoff energies on DeltaDFT (LCAO,PW) under the CGH algorithm
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Figure 6 Effect of polarization orbital on inner fully occupied states under the CGH algorithm

o B R, 2026, 11(1) |13



csn\ T R — MR R TSR
DB IR

ETEE

(4) V¥{ LRH $UiE 5 CGH HUE ks 5 2 =

K 7 R T A R 242 AN [F) Sk 2H K/ LRH 85 CGH 57k A4k B #1L3E ) DeltaDFT(LCAO,PW)
FEEE, FrA#IERRIE T SG1S MEHARAENK. B 7 H av by ¢ =K EMHEAE DeltaDFT A3 K KRS,
XTRLE, S ARER BT A2 3 T 10 Bohr BT 42, 15 241K/l DZP #9inE] TZDP. w]
DAEF], LRH PUEAHL CGH PUIE MRS FER R A TRTE, (HRIERS AR E 7a hRILTE AR
Kl 7a F11f) LRH / CGH $UE VA5 EH (MED 737104 1.68 / 3.55 (meV/atom); ¥ 7b #1ff) LRH. CGH
HiE ME {f 2> %1~ 1.12 / 2.27 (meV/atom); &l 7a F1f#) LRH / CGH #Li& ME {2 %]~ 0.66 / 1.01

(meV/atom),

—=— LRH DZP Rcut=std —eo-- CGH DZP Rcut=std (a)
A p

=N

10%4 Aot

100,

10741 °

DeltaDFT (meV/atom)

-2
10 H L BN FNaAl P Cl K ScVMnCoCuGaAs BrRb Y NbTc RhAg In Sb | Cs Hf W Os Pt Hg Pb ME

HeBe C O NeMg Si S ArCa Ti Cr Fe Ni Zn Ge Se Kr Sr Zr MoRu Pd Cd Sn Te Xe Ba Ta Re Ir Au Tl Bi

10!

—=— LRH DZP Rcut=10Bohr e CGH DZP Rcut=10Bohr (b)

10°0, $R¥

1071\

DeltaDFT (meV/atom)

-2
10 H L BN FNaAl P Cl KSc VMnCoCuGaAs BrRb Y Nb Tc RhAg In Sb | Cs Hf W Os Pt Hg Pb ME

HeBe C O NeMgSi S ArCa Ti Cr Fe Ni Zn Ge Se Kr Sr Zr MoRu Pd Cd Sn Te Xe Ba Ta Re Ir Au Tl Bi

’E‘ . —=— LRH TZDP Rcut=10Bohr ~re— CGH TZDP Rcut=10Bohr (c)
s 1 2
5 A
3 i
() 0 i
< 104

e

G 10714

E

[}

(]

1072

H L BN FNaAl P Cl KSc VMnCoCuGaAs BrRb Y NbTc RhAg In Sb | Cs Hf W Os Pt Hg Pb ME
HeBe C O NeMgSi S ArCa Ti Cr Fe Ni Zn Ge Se Kr Sr Zr MoRu Pd Cd Sn Te Xe Ba Ta Re Ir Au Tl Bi

B 7 ETAFEBEEE. DZP 5 TZDP 2%, LRH X CGH &= H$EK DeltaDFT(LCAO,PW)
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CGH algorithms
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Figure 8 DeltaDFT (LCAO, PW) results for LCAO calculations with different ecutwfc cutoffs
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Figure 10 Accuracy comparison of LCAO calculations based on this dataset and other LCAO calculations
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Table 6 Average DeltaDFT (LCAO-WIEN2K) values based on atomic orbital basis sets (Unit: meV/atom)

B, BUESR:, EHAR/NRE DeltaDFT (Rcut = 10Bohr) DeltaDFT (Rcut = Rstd)
Dojo-NC-FR, LRH, DZP 2.88 2.53
Dojo-NC-FR, LRH, TZDP 2.78 2.89
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Abstract: Numerical Atomic Orbitals (NAOs) are a highly efficient basis set for describing electron wave
functions in atomic structures, particularly suitable for electronic structure simulations of large-scale atomic
systems (thousands of atoms or more). Due to the complexity of constructing and testing such data, the
research community still lacks data products that provide both comprehensive quality control and broad
applicability. To address this, this work systematically constructed a NAO dataset covering 68 elements,
supporting various pseudopotentials, cutoff parameters (radius/energy), and basis set size configurations.
During the construction of the NAO dataset, a hierarchical optimization strategy was adopted:
low-precision orbitals with fewer basis functions were optimized first, followed by a gradual progression to
high-precision orbitals with more basis functions, thereby meeting the requirements of first-principles
calculations at different levels of efficiency and accuracy. Moreover, to demonstrate the reliability of the
data and provide a basis for user selection, this dataset includes comprehensive quality assessment data,
such as single-crystal equations of state (EOS) fitting data and bond length-energy data for molecular
systems. Assessment results show that the mean energy difference between calculations using this NAO
dataset and standard plane-wave basis sets for single crystals is minimal, reaching as low as 0.66 meV/atom.
This dataset has been adopted by the ABACUS first-principles computational software, significantly
enhancing the efficiency and accuracy of complex system simulations. It has broadt application value in
fields such as condensed matter physics, materials science, and chemical simulations.

Keywords: first-principles calculations; Atomic orbitals; Numerical calculations; Scientific Data
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Dataset Profile

Title

A dataset of high-efficiency atomic orbital data for first-principles calculations of large

atomic systems

Datacorresponding author

HE Lixin (helx@ustc.edu.cn)

Data authors

ZHANG Wenshuai, LIN Peize, CHEN Mohan, HE Lixin

Time range 2016-2024
Geographical scope Global (unspecified)
Magnitude of Energy Precision 1 meV/atom

Data volume

1.2 GB (before ZIP compression)

Data format

* orb, *.dat, *.txt, *.png, *.pdf

Data service system

https://doi.org/10.57760/sciencedb.j00001.01295

Sources of funding

The National Natural Science Foundation of China (Grant No. 12105283); the CAS

Special Fund for Network Security and Informatization (Grant No.

CAS-WX2022SDC-SJ13); the National Key Research and Development Program
(2016YFB0201202).

Dataset composition

The dataset contains 26,648 data files (excluding the root directory's README.md and
referenced data). To improve transfer efficiency, some folders are distributed as
compressed archives, though all descriptions in this table remain based on the original
uncompressed file structure. All files are categorized into two types: orbital data
(including *.orb files, *.txt files, and input files INPUT/SIAB_INPUT for the
construction workflow) and quality assessment data (located in folders prefixed with
Test/Plot, containing *.dat, *.png, and *.pdf files). The first category of files can be
distinguished by their directory paths, corresponding to three types of pseudopotential
(as named in root directories), different optimization algorithms (CGH/LRH), basis set
size configurations (SZ/DZP/TZDP, etc.), energy cutoff parameters (*Ry), cutoff radii
(*au), and 68 chemical elements. The second category includes test result files for
standard plane-wave basis sets or atomic orbital basis sets (located in folders suffixed
with PW or LCAO) , as well as statistical result files stored in the Test Summary

folder.
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