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THEORETICAL ATOMIC PHYSICS CODE DEVELOPMENT
AT LOS ALA.MOS

R. E. H. Clark and J. Abdallah.$ Jr.

LOS ALAMOS NATIONAL LABORATORY

Recently, several computer codes for calcu-
lation of various types of atomic physics data
have been developed at the Los Wimos Na-
tional Laboratory. The purpose of the code
development was to provide a set of codes
that are very easy to use, will provide results
for any ion or atom, use the best possible
theory within the constraints of reasonable
running time, and provide great flexibility to
the user, The codes relevant to this meeting
are the ~~TSl atomic structure code based
on ~owan’s~ l-htrtree-Fock method, the ACE3
collisional excitation code which can calcu-
late collisional data in the distorted wave ap-
proximation ( DWA) of Mann’ or via fist or-
der many body theory (FOMBT), and the
TAPS5 code which can display various quan-
tities from CATS and ACE and can provide
differential cross sections ( DCS) and electron
impact coherence parameters (EICP),

For the three codes, CATS, ACE, and
TAPS, a brief description of the theory will be
presented. Following this will be a presenta-
t ion of the method of using the codes. Finally,
sevcrrd examples of DCS and EICP calcula-
t icms using various approximate ions avnilable
in ACE will be given,

The ~tomic structure code, C,4TS, is based
on ~owan’s2 Hart ree- Fock method. Radinl
wave functior,s are calculated in the sin-
gle ctmfigumtion Htirtree-Fock approxilx~a-
tion, Configluwtion intcr~ction nml interrne-
dintc r(mpling mixiug is hrollght, in through
!wrt~irlmtion thwwyo ‘i’hc cnl(’lllntion of tlw

radial wave functions is a non-relativistic cal-
culation except that the mass and Darwin
terms can be included. Qua~.tities calculated
by the CATS code include the radial wave
functions, energy levels, oscillator strengths
and, optionally, plane wave Born collision
strengths. The CATS code is run via com-
mands. TLe following set of commands will
generate atomic structure data for neutral
barium:

opend bal
ion 56 1
rcf
6s2
6p2
6s1 6pl
6pl 5dl

/
run
end

All data calculated by CATS is plnced on a
random access file for easy retrieval l~y tl]e
ACE and TAPS codes,

The collisiomd excitation cock, ACE, rro(ls
the atomic structure data from the rnild(ml
nccess file prepared by the CATS CCXIC,Tlic
rridial wave functions for the tnrget stnt[~s
can be generated in the Hnxt rcx’-Fm*k or

Hartree-statistical-cxchnngp nl)~)rt)xillll~tit~l]s
of Cowan2 with or witlmut t,hc il~vl~lsi(m of
the muss MI(I Duwirl tmi~s, TIK’ ACE (YNh*
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also contains subroutines to generate hydro-
genic bound state wave functions for com-
parison purposes. The cent inuum wave func-
tions can be calculated in the DWA method of
Mann4 or via FOMBT6~7 theory. Subroutines
are available to calculate Coulomb functions
for comparison purposes. A variety of local
exchange potentials are available. Unitariza-
tion of the reactance matrix can be turned
on and off. Mixing in the target states is
included. If requested, the scattering amp-
litude will be written to a file for use in
the TAPS code for DCS and EICP calcula-
tions, The ACE code is also run by com-
mands. The following
calculate cross-section
ium:

files bal
seq 4
Setl 1 5
setle 1 5
0.0
~,~4

set of commands will
data for neutral bar-

eunits ev
e ~(j 50

lmax 250
dcs t
thetalin 370180
go
end

All data from the ACE code ic also written
to a random access file.

The display code, TAPS, reads data gener-
ated from the CATS and ACE coc!mi It dis-
plays selected data in either text or graphic
form. Sums and averages over fine structure
levels and LS terms can be performed to pro-
vide chtt a for LS terms and configurate ions.
The TAPS code can use the scattering ampli-
tude generated by the ACE cocie to calculate
DCS’S and EICP’S. Various sets of EICP”S
me written to different files which are muncd
Blum, Fmo, Hertel, and Stdws for obvious
UWWNIS,8-*1 l’ht~ TAPS code is t~lsi} run I)y

commands. The following set of commands
will genetrate DCS’S and EICP’S for barium:

file adam
ion 56 1 4
dcs
cop
end

The following figure shows a schematic di-
agram of the system of codes:

THEORETICAL ATOMIC PHYSICSCODES

I ,

CATS–

u

‘TAPS
ATOMIC
Pf’mfs ●LINES

ACE*- - ● - +ERD

- ●USERS

I ● PARADISEFN_ES

Central to the system is the data file. The
arrow~ indicate that the CATS code writes
data to the tile, the ACE code reads nnd
writes data, and the other codes read vnrious
data. The LINES code generates synthetic
spectra and the NERD code i~ a non LTE
code; these two codes will not be discussed
further here.

The sets of commands can be sent to the
CATS, ACE, and TAPS codes either through
interactive use of the computer tennind or
thro~~gh a text file, Full descriptimls of nll
commands are avnilable in the m~l~~l~ls.11:115
Running the three CCXIWJwith thew sets of
commands will ultimately produce LJCS’S [III(I
EICP’S for tlw GS2-GSUI)1P] trnnsit ion il: ~it’1~.
t.rnl Imrimn, Tl~r C’.ATS ntn tnkrs ~ 30 sect



ACE takes N 180 sec and TAPS takes N 1
sec of Cray-1 time for this test case. Scat-
teringcalculations were performed at 20 and

50 eV with 250 partial waves at each energy.
The setl command in ACE was used to select
the 6s2-6s6p 1P1 transition. Other level to
level transitions may easily be selected. Ta-
bles 1-4 show samples of the EICP’S for bar-
iuim. Table 1 shows the EICP’S from the
blum file for 50 eV. Table 3 shows the cor-
responding fano file; Table 3 shows the hertel
file; Table 4 shows the stokes file. The tran-
sition energy for barium 6s2-6s6p lP1 is 2.4
eV so that 50 eV electron energy corresponds
to over 20 times the threshold energy. This
requires a large number of partial waves for
convergence. The following figure shows the
orientation parameter for different numbers
of partial waves for this case.

where Q is the cross section, aO is the Bohr
radius, wi is the statistical weight of the ini-
tial state, E(RV ) is the impact electron energy
in rydbergs and fl is the collision strength.

In summary, we have developed a set of
computer codes for atomic physics calcula-
tions at Los Alamos. These codes can cal-
culate a large variety of data with a mini-
mum of effort on the part of the user. In
particular, DCS’S and EICP’S can be readily
obtained for arbitrary ions or atoms. Cur-
rently, the theory consists of non-relativistic
Hartree-Fock structure calculations and non
relativistic DWA or FOMBT collisional czd-
culations,

This work was performed under the aus-
pices of the U.S. Deputment of Energy.Be 682 - 6s6p ‘P 50 eV
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ToblQ 1. Uum fllo for bazium ●t 50 W.

stUt il, i2,0- 1 s 5. 00009+01
C theta 1- Chi CO- d,lta Cos ,ps

0.0000.+00 1.00000+00 0.00000+00 0.00000+00 0.00008+00
5.00000+00 4.40390-02 -5.OS21O-O1 1.00000+00 1.00000+00
1.00000+01 7.7OC1O-O2 -1.61S30+00 1.00000+00 1.000-00
l.sooo@+ol 3.307sa-ol -1.47s79+00 9.99990-01 9.99990-01
2.00000+01 4.77s7a-ol-oet7340-ol 1.00000+00 9.99990-01
2.s0000+01 4.las3a-ol-s.022-01 1.00000+00 1.00000+00
3.00000+01 3.97099-01-S.cssoo-ol 9.99980-01 9.99990-01

7ohlo 2. Fuio fil. for barium●t $0 d?.

start u,i2,0- 1 5 S.000oo+ol
c thaea ol- d+ ●o ●2+

0.00000+00 0.00008+00 0.00000+00 -1.00000+00 0.00000+00
S.0000*+00 9.s3060-02 1.79s30-01 4033940-01 -4077960-01
loOOOOo+Ol 2.676,,-01 -1.1917a-02 3.O321O-O1 -4061$79-01
1.s0000+61 4.60330-01
2000000+01 3.07310-01
20S0000+01 2c7%290-01
3.00000+03 2.62210-01

Tablo 3. llortol

start 11,$2,0- 1
e theta rhoOO

0.00000+00 9.s3630-10
S.000oo+oo 4.s600@-oa
1.00000+01 7.08770-07
1.30000+Ol 2.55470-06
2.00000+01 1.72460-06
2.s0000+01 9.34730-07
3000000+01 2oOt040-06

Tob10 4c stokas

start 11,12,0- 1
G theta P3

4a46720-02 3087530-03 -3034620-01
3clS420-01 -2-16330-01 -2061& -01
4o12020-01 -1-27800-01 -20907*01
4013100-01 -9. S6390=02 -3001430-01

file fot bori- ●t so ●vo

s S.000oo+ol
pl + 9amt(rod) 9mW0@ 1 porp +

1. 00000+00 -4- 36720-OS -2090~20-03 C.00000+00
9.00060-01 =lc30320+O0 -7.92!130+01 ls90Slo-01
0.44410-01 1.S5670+O0 Oo91910+01 S-3S300-01
3e50090=Ol -% ● 44200+00 -~0260?0+01 9,3671o-O1
6c3243aoOl -0020090-01 -4070340+01 7074S20-01
0.40000-01 -00$3000-01 -s. 0s320+01 s. 42M0-ol
00S1430-01 -9007470-01 -S019940+01 5024420-01

fl18 fog bAAum at 50 ova

s S.000oo+ol
p2 p3

o. 00000+00 1:00000+00-s;73440-03 0;00000+00
ScOOOOo+OO-3s1192,-01 -30S9100-01 -1s90610-01
1. OWOO+O1-to 442$0-01 2.30340-02 -5035330-01
1.50000+01 -3.30500-01 -0093440-02 -9.36710-01
2000000+01 -4.48606-02 -6.30040-01 -7,74620-01
2.5000Q+01 =1.62940-01 -0.24040-01 -5.42S90-01
3.0000Q+O1 -2.OW1,-01 -0,24210-01 -S.24420-01

i porp
O.OQOOO+OO
1.9061--01
S.JS380-01
9.36710-01
7.7461W01
S.42S98-01
S.24420-01
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