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- Abstract ~

High  precision variational calculations In
Hylleraas coordinates for helium and heliumlike ions
have now reached a high degree of refinement. The
technique of using a double basis set overcomes
problems of numerical linear dependence In the basis
set, and a drastic loss of accuracy for the more highly
excited Rydberg states. As a result, nonrelativistic
eigenvalues exceeding spectroscopic accuracy are
available for the singly excited spectrum up to at least n
= 10 and L = 7. Relativistic and qguantum
electrodynamic corrections have also been calculated,
along with the associated wave functions. Results are
also available for the heliumlike lons up to Z = 18, for a
total of 1751 atomic states, not counting fine structure.

The purpose of this paper Is to describe a project
to make this very large data base of high precision
calculations for wave functions and energies available
on the Internet through a convenient user interface,
located at the web site
http://www.sharcnet.ca/drake/downloads. The web site
will also include sample programs to make use of the
Qvave functions to calculate other atomic properties.
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Method for Generating The

- Wave Functions

Schrodinger’s variational method 1Is used for
generating the wave functions.
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The trial function used is of the following form:
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This gives a system of homogeneous linear equations
whose solution Is an upper bound to the true ground
state energy
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- Data files ™~

Information Is stored In 3 types of files: 2 are Wave function files (.POW for infinite mass, .POL for finite mass)
while .MAT files store energy Iinformation.

Wave Functions:

Here is an example wave function file to illustrate how This particular file would yield a 44 term
the information is organized... wave function. Here are the first 5 terms
and 44" term of the function...
2 0 0 44 1 2115044.POW Qz=2 1 1S FROM QPOLD ON W-STATION , OK
-2.0186206550076590476D-01-2.9037241310015318095D+00 0.0000000000000000000D+00 9 0.0.0 - —r—05r
501 22 44 44443 VY =-3.372/x107r'r,r,e * 7?2+
1 1 00 1.000000000000000  .500000000000000 } a B InfOrmatIOn
2 22 00 1.139160156250000 1.092407226562500 _ _
23 44 00 1.521789550781250  1.438049316406250 ’ 59617 x10" r'rirle 1139210924,
000 010 001 020 110 011 002 030 120 0217 172712
111 012 003 040 130 220 031 121 022 1102 -
013 004 000 010 001 020 110 011 002 030 radlal eXpOnentS _2.5139X10+1rlOr20r1126—1.13921—1.0924rz
120 021 111 012 003 040 130 220 031 121
022 112 013 004 .z
~3.3727983606009375482D-02 5.9617922353552498959D+01-2.5139572931082955815D+01 \ —1.1680X1O+1 r10r22rl()ze—l.13921—1.0924rz 4
-1.1680008296521996723D+01-7.7658601160475920708D+00 9.1770966567802316109D+00
-1.1350851334422050783D+00 8.9223478175371927092D-01 1.4771989567361208782D+00 0110 -1.139% -1.0924F
-8.7149877187178564389D-01-4.8925790116305323142D-01 3.8923222551582059674D-01 —(./668x10"° rrr.e 17 2 4
-2.8904699590558189136D-02-3.2527405504794874858D-02-6.9960070309113904156D-02 ' 172712

~1.0855573924578826295D-02 3.3199494929166052124D-02 3.6972158470586116103D-02
~2.5152952742728374403D-02-1.0519785195705359181D-02 5.0297299061554654166D-03 ..
~5.4562034096958172403D-05-1.0258845201393329516D+00-6.0605947815234019625D+01 > COeﬁ|C|entS
2.4887783132879871648D+01-9.3191876790797220458D+00-1.5257580067953676692D+01

8.8265534431242501945D+00 1.2263325892295437622D+00-5.3349456754672583298D-01
~3.6666506672403340975D+00 2.7786132996966402320D-01 9.4507700590211427245D-01

9. 1770 > 10+O r10 r21r1126—1.1392’1—1.0924rz 4

4.6704385994097696785D-01-6.3089396715784935926D-04-3.3639536580643470191D-03 3. 0.0.4_ -15217—1.4380r
~4.7718623431130183254D-02-3.1667423995123956316D-01 4.3548671504194120940D-03 282/1x10°°r’r’r.e - -
3.0371543194530720797D-02-1.0758360843098907101D-02 7.8115131929747615779D-02 172712
2.2155960840986196040D-02 2.8271748008919762477D=03 J

Atomic Energies:

Contained In every .MAT energy file Is a table containing a detailed energy breakdown for different electron
configurations in a given state. The following example Is the 5P state of Helium.

contributions To The o T Sfote cneroies of fThe reretive fo erlils) Rl non-relativistic energy as calculated from the expectation
s S "2~ value of the non-relativistic Hamiltonian
Enr -130957168.320 -135201781.077 -135201781.077 -135201781.077

EM(1) 2912.781 -3436.617 -3436.617 -3436.617

EM (2) -2.701 -2.740 -2.740 -2.740

Erel -1287.022 1849.394 190.426 53.482

Eanom .000 1.934 -1.083 .263

Est .260 .000 -.260 .000

(ERR)M -.688 -.073 .288 . 137

(ERR) X .3761(10) .6691 (18) .3080(18) .2760(18)

Enuc .005 -.047 -.047 -.047

EL (1) 7.74(27) —-72.03(27) =72.04(27) -72.04(27)

EL(2) —-4.364 -2.529 -2.529 -2.529

EL(2)"' .017 .000 .000 .000 K\\\\

Eho 00(69) 0(1.6) 0(1.2)

00 (21) QED terms

Total -130955541.91(74) -135203443.1(1.7) -135205105.4(1.2) -135205240.89 (34)

Total Energy after all relativistic and
QED corrections considered
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