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FOREWCED

This report was prepared by the Unicn Carbide Corporation, Defense
and Space Systems Department, White Plains, New York, under Contract DA-49-1Lk6-X7-511,
Project 5710, funded by the Defense Atomic Support Agency (DASA). Inclusive
dates of research were 1 June 19€6 to 30 June 1967. The report was sutmitted
31 August 1967 by the AFWL Technical Moni*or, Captain Guy Spitale {WLRP).

The report has been divided into two volumes for convenience. Voclume I
presents the theoretical analysis and the discussion of results. Volume II is
a detailed description of the program.

The project was initiated and formulated by Dr. C. D. Zerby. The
theoretical derivation was campieted by Dr. H. Brysk, who also planned and
analyzed the calcvlations. Programming support was supplied by Mr. A. Glick
in writing the program and by Mr. E. C. Imperatore in resolving the systems

. problems of tranzcribing the tapes containing the Los Alamos Scientific Laboratory
(IASL) seif-consistent-field data to the UCC and the AFWL operating systems.
The program is written in FORTRAN IV and is operational on the CDC 6600 computer
at AFWL. We thank Dr. J. T. Waber (of IASL) who supplied us the output of
his self-consistent-field program on tape.

This report has been reviewed and is approved.
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ABSTRACT

A computer program was developed for the calculation of photoelectric
cross sections, including angular distributions, using as input the results of
& relativistic Dirac-Slater self-consistent-field program. The program was
used to calculate the aluminum cross sections over the range from 1 to 150 keV
and uranium cross sections at four energies within that range, and the results
were correlated with pre-existent experimental and theoretical data.

VYolume I presents the theoretical analysis and the discussion of

results. Volume II is a detailed description of the program.
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I. INTRODUCTION

This volume is a self-contained description of a progrsm (PELEC) for
the computetion of photoelectric cross sections. The companion volume
£UCC/DSSD - 299, Volume I) develops the theory used ard discusses the results
obtained with the program. B

Chapter-17.-aanteins ghe operating instructionsn\ I%—de;;ribes the
input cards and self-consistent-field data tape requiréﬁ. The utilization of
a8 test option to ascertain the op*imum input parameters in a series of runs is
indicated.

Chapter III presents sample output.” - {: e

Chapter IV exhibits“the program itéélf, For each routine, its purpose
and the method of achieving it are stated. The routines it calls and those it
is called by are given, as well as the Common blocks it uses and the calling
sequence (if any). The variables are defined. A schematic flow chart is

provided. Finally, the routine is listed. _
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II. OPERATING INSTRUCTIONS

This chapter gives all the operational details needed in order to
run the photoelectric program. The input variables and format are listed,

along with the program diagnostics. Tape unit assignments are given and the
test option is described.

Input Variabvles
A complete set of data consists of a single data card. The variables

described below a.e read in on a format (9IS, 2E15.8):

5 10 15 20 25 30 35 Lo 45 60 75
JM KMAX IM NTAPE NEDGE IA IB IZ LggP Y SAVE

Upon completion of a problem, the program recycles, reading in the
next data card. Termination of the program is obtained by setting the flag
value NEDGE = -1.

Name Dimensions Mode Meaning

JM 1 Maximum order of Legendre coefficient
KMAX I Maximum x for electron

M I Ma cimm £ for photon

NTAPE I The logical tape unit assigned for tape

containing the self-consistent-field data

=l: terminates Program

0: normal run

O: sets photon energy to NEDGE th
binding energy

AV |

|~

0: normal case

> 0: calculation commences after IA shells

IB I = 0: calculation to include outermost
shell

> 0: calculation cuts oft after IB shells
12 I Atomic number
LogP I = 0: normal case

= 1: photon angular momentum reduction
Qv R Photon energy in keV
SAVE R Total cross section accumulation from

previous run; = O ordinarily.




Input Testing
8 Y
- The program sifts the input data to insure that certain criteria are

not violated. If any difficulty is observed, a violation signal is printed
and the run terminated. Listed below in abbreviated form are the criteria
that must be satisfied and that the program tests for:

MIN (JM, KMAX, IM, IA, IB) 2 O

2<1IZ2<102 “J
Q>0
LegP = O or 1
NEDGE < JX
IA < JX
IB s JX %
NK, NKP < 200 5
i In addition to the above the program examines the following §
| variables and alters them if necessary:
JM > 2L, program sets JM = 24, prints this fact and proceeds.
KMAX > 12, program sets KMAX = 12, prints this fact and proceeds.
IM > 12, program sets IM = 12, prints this fact and proceeds ?
This is to insure that the dimension size of the variable of the
program as written for the IBM 7064 is not exceeded.
Program Options i
The program has two option procedures controlled by L¢gP and by the
combination of values of IA, IB, and SAVE. i
By setting LggP = 1, we can reduce the original angular momentum *
quantity IM (max g for photon) in unit increments (until a minimum of one is :%
reached). The selection rules may then reduce the range limits KM and JM. The ;
summing process is repeated to recalculate the differential ard total cross {

, sections.
- b -
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By altering the input values JA and IB we can segment a run. The
program proceeds through IB electron shells rather than the totality of shells
(3X). The total cross section up to that point can be fed back in as part of
the input (SAVE; when the user desires to contirue the run. With JA greater
than zero, the program starts after the first JA electron shells. This process
is useful when long computer running time is not available,

System Information

The program as run at the New York Regional Computer Center utilizes
the following tapes:

Logical tape unit 5 Read

Logical tape unit 6 Write

Logical tape unit 1 Self-consistent-field data
-5-
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III. SAMPLE QUTRUT

The output from an actual run is given.

The complete output contains

the differential cross section for each subshell in succession. Only one

subshell is reproduced here, for economy.




INPUT DAYA +OKR PHOTOELECTRIC CALCULATION

INPUT Cakp READS

M KMAX LM NIAPE NEDGE IAn 18 12 LCOP oy

SAVE

1 o 4 1 0 0 0 13 0 0.10809056E g2 G

R R AL 2 i
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INPFUT VATA FOR PHOTOELECTRIC CALCULATICH

13
1v.00U

)
¢
11

NUCLEAR CHARGE
PHOTON ENEROY

MAX KAPPA FOK it CTRON
MAX L FOR PHOTOI.
MAX J (LEOGENDRE CUCFF.)

TAPE POSITIONEC FROPERLY.

AL

13

6

UelO44 2370 GO
57

lcél

1436
Vedccl2lb2t U4

ELEMUNT
ATSMIC NUMGER

HU~MBer OF ELECTRON SHELLS

SCRELN]ING FACTGR OF QUTERMUST LOUND SLECTxLt

RAGIAL GRIC UP TO X
RALIAL GRID UP Tu X
TuTAL RACIAL GRIC

CUTLRMOST KFADIAL VALUL

1.0
6.0




15172
Ve27269274c 03
1327

o)

25

LENGTH UNITS ARE HBAR / MC
INTEGRATION STEP SIZ2E 1S

INTEGRATLIUN STEP SI2t IS

INTEGKATLION STEP SIZt 1S5

)

VeCO/ELED
U.1254000

i.000c000

SHELL

INTEORATION CUT=OFF

KUiBER OF WAVE FUKCTICH GRID POINTS

MAA KAPPA FOR THIS SkELL

Nu-Htk OF MATRIX ELEMENTS FOR THIS Shill

1 LOHP RADIUS = 137 )

upP To 1.0C0

upP 10 65.000

UP TO »n72.593

¢ A DT
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11 = MAY U (LeGehNDRE COcFF.)
9 = MAX KAPPA FOR e btcC =01,
% = MAX L FOK PHOTON

LLOENDRe CORFFICIENTS OF CROSS SECTIO,

C

uty)

U.B4832748E V&

U JHBULL4YE ce
=0. 76300052E V&
=U.032186908L uc
=U.429LbTEUE Ul
=U.lD%8ccdl4c Ul
=U.2284e516E UV
=U.2480350b4t =Vl
=L .2006YY906L=Uc
=Lell/l37233L=LY

CO~CUELEOLN»C

- 11 -




ELEMENT

AL

BINDING ENERGY

15499309 KLV

ATOMIC NUMBER

13

PHOTON ENERGY
10.0000000 KEV

SHELL
15172

ELECTRCIs KIMETIC EMERPGY

UNFOLARIZED CKUSS SECTION (RARNS/STERADIAN)

i THETA CO5 THETA
1
0 1.9000000
2 09993906
4 V9975640
6 U.9945219
] U«990260b1
10 Ue9848078
12 U«Y781476
14 Ge9702957
1o U.9612617
18 0.9510%65
20 V9395920
22 UeY271839
24 Ue 135455
26 U.6987940
28 U«8629476
30 U.860L0254
32 Us34804p1
34 Ueli29037s
6 Le5090170
L1.) V7880104
4u Le 766NLY4Y
L2 veTUHS144B
4y Ue7193398
46 Ve OIUEHLY
4b Ueb69130L60
50 Le6U2TBTE
be Ue0156615
54 UeH8T78%3
o LeH5919e0
%8 (eH299163
60 Ue50U0000
62 Ved094715
o4 ved38371¢2
66 Jel4007306
bb Le37460066
70 Ue 3420202
12 03090170
74 0627963574
76 Le2l1921Y9
78 Le2079117
bl Vel730&52
82 UeldYl1731
84 velUUHZHEY
h
k -

-12 -

CROSS SLCTICH

0.104827c55 =01

0.31837447E
0.12387152E
0.27615944E
0.48706%03%
0.75433505E
0.10751303E
0.14460679E
0.18632747E
0.23224424E
0.281885WE
0.33476231F
0.390354352€
0.44809i27E
0.50745747¢%
0.56789170E
0.62834901F
0.68978249E
0.75010242F
0.80954596€
0.66740401E
0.92331445E
0.97687210E
0.10277077E
0.10754931E.
0.111994G6E
0«11608047E
0.11978819¢€
Cel2310G1VTE
0126007v2E
012849794F
0.13056947E
0.13227024E
0¢133454,0F
0.13427032F
0.1346C4063F
Cel3471v70F
0.13436550C
0133646060OF
0.13257975F
U.131182U6F
0129475068
De1274TLY3E

o?
¢1
01
ul
01
02
£2
0¢
02
02
Ge
02
ce
02
0?2
0
02
0c
02
Gz
0z
113
03
c3
0l
03
03
03
03
03
05

Ou

8.4500691 KEV

ANG. DJIST.

0.0000778
0.0023632
0.0091947
0.0204966
0.0361540
0.05%9929
0.0796049
0.107336e9
0.1383074
0.1723%06
0.2092409
0.2u484882
0.2897446
0.3326098
0.3766766
0.421535%
0.466780u
0.5120127
0.5568465
0.6009117
0.6438584
0.68535%6
0.725114¢0
0.7628484
0.7933186
0.8313111
0.861042¢
0.28916¢%5
0.2137564
0.,9353266
0.95381¢cu
0.960193C
0,9814509
0.9906087
0.9967063
0.999811¢
1.0000C00
0.6973702
0.9920340
0.5%841149
0.97374¢€8
C.9610716
0.9462376

e v MRS




% 0.0697565 0.12520828€ 03 0.9293979
88 0.03%8995 0.122690%0E 03 0.9107082
90 0.0000000 0.11994453E 03 0.8903260
2 =0.0348995 0.11699190E 03 0.8684091
% =0.0697564 0.113685362€ 03 0.8451144
9% =0.1043284 0.11055058E 03 0.8205965
9% =0.1391731 0.10710323E 03 0.795007%
100 =0.1736482 0.103531S6E 03 C.7684956
102 =0.2079117 0.99854979E 02 0.7412050
104 =0.2019219 0.96092227E 02 0.7132748
106 =0.2756373 0.92261351E 02 0.68u483829
108 =0.3090170 0.88379639E 02 0.65602%7
1 =U.3420201 0.84463592E 02 0.6209576
112 =0.3786066 0.8052B891E 02 0.5977510
114 =0.4067366 0.765904u3E 02 0.5685164
116 -0.4383711 0.72662151F 02 0.5393577
118 =U. 4694715 0.68757353E 0¢ 0.5103729
120 =0.5000000 0.648883¢1E 02 0.481654G
122 =U+5299192 0.61066b79E 02 0.4532866
124 =0.5591929 0.57303176E 02 0.42535009
120 =0.5877852 0.536078uSE 02 0.3979204
128 -J3.615661%5 0.49939820E 02 «3T71065¢
130 =0.6427876 0.46457T4BE 02 0.3448472
132 =0.6691306 0.4301945E 02 0.31Q93252
134 =0 «6946583 0.396820¢BE 02 0.2945523
136 =0¢7193398 0.36452100E 0C 0.2705772
138 =UeT431448 0.33335594E 02 0.2474420
140 =G« 7660444 0.30337900E 02 0.225192¢8
162 =-(.7880107 0.27463871E 0c 020345092
144 =-u.8090170 0.24717871C 02 N.133476<
%6 -u.8290376 0.22103603E 02 01540724
148 =0.84804E1 0.19625136F 02 N 14R6T2T7
3 150 =06.8000254 0.1728u947E 0 0.1282030
152 =0.8829476 0.15085945E 02 0.111960°2
i%¢ =0.8987940 0.13030568E 02 0.0967230
1% =(0«9135454 0.11120710F 02 0.082547°7
158 =ue9271638 0.935834u0E 0! D.Ln%U6Re
160 =U+9396926 0.77449520F 01 C.05748CGZ
162 =0.9510565 0.628180u6E 01 C.0u€62%1
164 =(.9612617 0.497020&4F 01 0.C03€6892¢
166 =0¢9702957 0.38109178E G1 0.0282977
168 =G«9781476 0.28047778E 01 0.92C81¢7
17y =0+«9848078 0.19524343F 01 5.0144970
172 =(.9902681 0.12544079E 01 0.6093112
174 =uUe9945219 0.711096c4E 00 0.00927:22
i76 =09975640 0.32280832E 00 0.00235¢1
178 =0.9993908 0.89753443E=01 C.00006ee
180 =1.0000000 0.12053%925=-01 0.00068°5
INTEGRATED CROSS SECTION = 0.10660397£ us 'MARLS
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ELEMENT ATOMIC NUMBER
AL 13

PHOTON ENERGY = 10.0000000 KEV

TOTAL CROSS SECTION = 0.11461591E 04 GSARNS
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IV, THE PROGRAM

The program is written in FORTRAN IV, The versions used on the
IBM 7094 and the CDC 6600 sre identical except for control cards. The data
tapes contein the same information in binary form, but are not compatible
between the two machirzs,

All the Common blocks appear in the main routine (PELEC). The
definition of the Common variables is given first. In the subroutines, Common

blocks used are quoted. The unlabelled Common is the same wherever it appears.

-15 -




Definition of Variables in COMMON

Unlabelled Common: length 1078
Name Dimensions Mode Meaning
PI R n
HALFPI R /2
FOURPI R Lo
RAD R /180
Q2 R p71/2
Q R Photon energy (in me? units)
ZA R Atomic number
ZAZA R ZA * ZA
EFN R Free electron energy -1 (in me units)
EGN R Free electron energy +1 (in me® units)
v R Potential; screening factor/radius
CG 30 R % = Yy if radius < 1; -1 if radius > 1
GAM 30 R Vo2 - zaza
/BESSEL/ Common: Length 14204
Name Dimensions Mode Meaning
FL 15 R Yumerical factors used in the
construction of the spherical

PC 15 R Bessel function.
¢F 15 x 15 R
M I Largest order of Bessel function needed
M2 I M+ 1
B 15 R Spherical Bessel function

- 16 -
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/DFUNC/ Common: Length 1o!+78

Name Dimensions Mode Meaning

F 30 R "Small" component of free-electron
wavefunction

G 30 R "Large" comporent of free-electron
wavefunction

DF 30 R Derivative of F

DG 30 R Derivative of G

DFK 200 R Integrand for matrix elements KL(M')

DFKP 200 R Integrand for matrix elements K L(u'u)

CF 30 R ® - ¥y if radius < 1; » if radius > 1

H R Integration step size

JFAC/Common : Length 32&8

Name Dimensions Mode Meaning

FACT 67 R Numerical factors used in the calcula-
tion of the Clebsch-Gordan coefficients.

RTFACT 95 R

RooT 50 R

JFIDp/ Common: Length Th6g

Name Dimensions Mo Meaning

FI 30 x 15 R (x,0)

D 30 R Legendre coefficient of cross section

JMP I Max. order of Legendre coefficient + 1

NAME ALFA Element

SHELL ALFA Electron shell

Qv R Photon energy (in keV units)

EB R Binding energy of shell (in keV units)

1Z I Atomic number

o 17 <




JXU?/ Comemon: Iength 2"8
Name Dimensions Mode Meaning
RK1 L R \[' Numerical coefficients used for
the Runge-Kutta integration
RK2 4 R (Gi1l Form)
RK3 b R
RKk N R
Kb L I
/LIMIT/ Common: Length 13
Name Dimensions Mode Meaning
IM I Max order of legendre coefficient
IM I Max £ for photon
KM I Max »x for free electron
K2M I 2 * KM; number of free electron states
IEND I Flag for zero electron kinetic energy state
NEW I Flag to save repetition of calculation when
radius is not advanced
NK I Number of matrix elements Kz(uu')
NKP I Number of matrix elements Kz(u'u)
JKB I Twice 'ju'
LNKB I L,
NTAB I Radial index in bound state tabuletion
/MAT/ Common: Length 15354
Name Dimensions Mode Meaning
SF 30 R Integration storage variable for "small"
component of free electron wavefunction
SG 30 R Ingegration storage variable for "large"
: component of free electron wavefunction
'g FK 200 R Matrix elements Kz(uu')
; FKP 200 R Matrix elements Kz("'”)
- 18 -
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Name Dimensions Mode Meaning

(} SFK 200 R Integration storage variable for matrix
j. elements Kl(un')
SF1.2 206 R Integration storage variable for matrix
elements K‘(u'N)

RCUT R Cut-off radius for integration
/QUART/ Common: Length 3224
Name Dimensions Mode Meaning
LK 30 I L,
IMK 30 I L,
JK 30 I Twice Ju
FKAP 30 R n
SK 30 R Sign of »
SI 30 R Sine of phase shift

(,k CR 30 R Cosine of phase shift
JONWARD/ Common: Length kg
Name Dimensions Mode Meaning
RX R Radial variable beyond radial cutoff on

uniform grid tabulation

SCX R Interpolated value of screening factors
GBX R Interpolated value of "large" component

of wavefunction

FBX R interpolated value of “small" component
of wavefunction

/TAPES/ Common: Length 135624
Name Dimension Mode Meaning
X 1500 R Radial value
SCF 1500 R Screening factor
(.. F3 1500 R "Small" ccmponent of bound state
wavefunction
-19 -
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Name Dimensions Mode Meaning

GB 1500 R "Large" component of bound state
wavefunction

GAMB R v x2 - ZAZA for bound state

SCREEN R Normalization factor for least bound
electron

/TRANS/ Cormon: Length 1700,

Name Dimensions Mode Meaning

HF 30 x 15 R H (nyu') foru' >0

HFM 30 x 15 R H (n,u') for u' < 0

ING 30 I (-¢') max + 1/2

JPS 30 I (u') max + 1/2 provided u' > O permitted;
-1 otherwise

/VECT/ Common: Length 14klg

Name Dimensions Mode Meaning

KF 200 I Index for n values for K‘(u'u)

KG 200 I Index for » values for KL(" n')

LBES 200 I Photon angular momentum + 1 for K, (x' n)

LBS 200 I Photon angular momentum + 1 for K‘(n n')

LKB I L,

n

- 20 -
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Purpose:

Method:

v Pt o

ROUTINE PELEC

This is the main program, It serves as the control section,
reading the input cards and the tape containing the self-
consistent-field data and setting up the calculations, Nearly
all the actual computation is done in subroutines,

Numerical constants are computed and stored, the input read and
checked (and diagnostics printed, if needed), then printed with
interpretationy the tape is scanned for the element required and
the data read from it and interpreted. For each subshell,
SINDEX is called to set up the matrix elements and their quantum
numbers, RADINT to perform the radial integrations, LEGEND is
called to perform the angular momentum sums, ANGLE to produce
the differential cross section (headings are supplied for the
tables printed in the subroutines); if the matrix reduction
option is called for, the cutoff values of the quantum numbers
are reduced and the program loops back through the angular sums,
The total cross section is accumulated in PELEC and printed

out., The program recycles to read the next input card and
perform the next case, until a flag on the input card signals

termination.

Subroutines called: SINDEX, RADINT, LEGEND, ANGLE, HUM

Variables in unlabelled Common: PI, HALFPI, FURPI, RAD, SQ2, Q, ZA, ZAZA,

EFN, EGN, V, CG, GAM

Labelled Common: BESSEL, DFUNC, FAC, FIDA, KUT, LIMIT, MAT, QUANT, ALWARD,

TAPES, TRANS, VECT

- 2] -




Local Variables:

Name Dimension Mode Meaning

KMAX I Input max » for free electron

NTAPE I The logical tape unit assigrned for tape
containing the self-consistent-field
data

LEDGE I = -1 terminates prograr
= 0 normal run
= integer sets chotcrn energy to NEDGEth
binding energy

IA I = 0 normal case
> 3 calcuiation commences aftier IA shells

IB I = O calculation includes ou:termost shell
> O cuts off calcula-ior aiter IB shells

LeoP I = 0 normal case
= 1 for photon angular rorern-ur. reduction

Qv R Input photon energy in keV

SAVE R Input total cross secticn; accumulation
from previous run; = O otherwise

1Z I Inpul atomic number

LGRID I Iurber of ¢rid points in table

ISIXFI I Rumber of grid points for radial value
of 65 (1/2 Bohr unit)

IsUE I Number of grid points for radial value of
one

RSIXFI R Radial value of 65 read from tape

RoLE R Radial value of one, read from tape

ZTRY R Atomic number read from tape

JX I Number of electron shells

XN 36 ALFA Shell identification

XL 36 R ‘n'

XJ 36 R Jn'

Xz 36 R Shell occupancy




Al s

|

ST L LA e gew

Name Dimension Mode Meaning
e ERG 36 R Binding energy
KJI I Number of wavefunction grid points
SECT R Total cross section
KToT I Number of matrix elements for shell
SEDGE R Cross section jump at edge
IMS I Initial max ¢ {in loop reduction)
JMS I Initial max order of Legendre coefficient
(in loop reduction)
JPS I Initial max order of Legendre coefficient
+ 1 (in 1oop reductisn)
CCM R Conversion factor (keV/mc2)
ALFA R Fine structure constant: 1/137.0367
REL R Classical electron radius (in em) x 152
KB I dyn
C -
¢
- 23 -




C Enter PELEC )
t

Compute & store numerical coefficients
for subroutines

1

Y

@————. Read input data

1

( Is NEDGE < O Yes W

iNo

Write out input data card

!

Check input data

!

<:Arelnax Leg coef, max n for electron, max g\ Yes

for photon, shell cutoff & shell restart > O

lgNo

Write statement indicating input ’

incorrect j
~o ‘o next case ———D@

es
Is atomic number > 102 or < 2

y

[T

Is pctential photon energy < O .

;No
Is loop for max g reduction # O =8
and ¢+ 1

No

3

- 24 -

PELEC d
Page 1 of 6

Write out
nuclear charge
not found
on are
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PELEC
Page 2 of 6

ﬁ Is max j (Legendre - \Yes
coef.)s 2k
‘ No
Set max j = 24 and print

!

@___.(Is max y for electron < 13)_35.@
41 No

Set max » = 12 and print

!

@——‘(Iswzforphotonsm ie @

No

Set max g = 12 and print

C !

Write out input quantities
with interpretation

!

Read photoelectric tape for element,
35 quantum numbers, binding energies
and potential

L Skip logical

Does input nuclear chgrge = No records to

nuclear charge rea next ellembnt
from tape

; Yes

Write out element located

s




Page 3 of 6

(8 NEDGE > no. of electron she

T
electron shells or cutoff shell
number > no.electron shells

Bo

Read potential

Yes
( Is NEDGE = O ‘:E'
‘,No

Reset energy of photon to NEDGE
shell binding energy

Change photon units to mc2

'

Write out element information

from tape

[

Set cutoff shell = no. of

( Is cutoff shell = 0

shells of element
Iﬁo

O 01
shells t@‘i’}
Read wave functions from tape

! |

Yes
Is loop index < restart shell no. Ryrnass computation

No

Is photon energy 2 binding Yes 90 '
energy shell
’JL?b
O
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Energy falls below edge;
bypass computation

Is photon energy = binding \_Yes
energy

PELEC
Page 4 of 6

Set NEDGE = loop index

}

e

Set up quantum numbers, energies,
cutoff values for shell

Is computed max » for free electron
irgmt value of xn

No
Write out computed value which will be
the one used
Calculate no. of free
electron states
(all subroutine sm@
Yes
trix element dimensions exceeded=——ip
No
Commence integration
€all subroutine RADINT

= ) Yes .

Write out this
information

Loop on max order

subroutine LEGEND >

_ Multiply Legendre coef by
numerical factor

( Call subroutine ANGLE >

of Leg. coef + 1
o)




¥ 4

Is term reduction flag : @
< 2

Reduce max ¢ by one

|

Is max » for free =2lectron <
(n' + max &)

lm

=

Reset max x no. of free electron
states, and max Legendre coefficient

Start summing process
Call subroutine HUM

(Cas =

Compute contribution
to cross section from
the NEDGE shell

Is loop index = NEDGE }—o8
No
Accumulate total -
cross section

!

( Is term reduction flag = O tha

g N

Set flag = 2
Save max g, max Leg. coef]
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AR
C

Set flag = 1
reset previously stored max ¢,
max Leg, coef

1
Cont inue )

i

Write out total cross section

'

( Is NEDGE = 0

I

Output cross section below edge

Yes




!luﬁlt PELEC

C FOR LUC 66UV OPERATION» ADD CARD READING
C PROGKAN. PELECUINPUT OUTPUT s TAPEL » TAPESSINPUT» TAPEG=OUTPUT)

COMMON PL/HALFPIoFOURPI/RAD1SQ20Q0ZArZAZAEFNIEGNe V1 C6(30) »GAM(30)PELO0010
COMMON/BESSEL/FL(15)PCI15),OF (15015) oML M2,8(15) PEL00020
COMMON/DFUNC/F(30)v6(30) oDF (30)vD6(30) rDFX(200) +OFXKP(200) ¢ CF(30) + HPELD0030

3 COMMON /FAC/FACT(6T) +RTFAC(9%9) s ROOT(50) PELOOO4O
' COMMON/FIDO/FLI(30015)00(30) o JMP o NAME » SHELL vQVrEB» 12 PEL000S0
COMMON /KUT/RK1(4) o RK2(4) sRKI(U) sRKG(H) o KSLY) PEL00060
COMMUN ZLIMIT/JUMoLMoKMeK2Me TIENDoNEW/NIKeNKP» JXKBo LMKB/NTAB PEL00070
COMMON/MAT/SF (30)¢S6(30) vFK(200) vFKP(200) o SFK(200) »SFKP(200) +RCUT PELO00080O
COMMON/QUANT /LK (30) LMK (30) v JK(30) o FKAP(30)»SN(30)+SJI(30),CR(30) PELO0090
COMMON /ONWARD/RXeSCXoGBXeFBX PEL00100
COMMON /TAPES/X(1500)SCF(1500)FB(1500):6B(1500) »GAMB +SCREEN PELO00110
COMMON/ TRANS/HF (30015) o HFM(30+15) o ING(30) » JPS(30) PEL00120
LOMMON/VECI/KF (200) ¢ KG(200) ¢+ LBES(200) oLBS(200) o LKB PEL00130
DIMENSION XN(36) e XL(36) 9 XJ(36) ERG(3I6) e X2Z2(36) PELOO140
FL(L1) = 1.0 PELO015S0
PCll) = 1.0 PELO0160
U0 5 L=2e15 PELO0170
FLIL) = 28L~-] PEL00180
PCIL) = PC(L=-1)/FL (L) PELOO190
V0 5 JU=1el> PELO0200
FLJ = Jei(28(L+J)=1) PELOO210

5 OF(LeJd) = 1.U/FLJ PELO00220
KOOI(1) = 1.0 PEL00230
UV 1u [=2e5) PEL0D240
+tAl = | PEL00250

1V ROOI(L) = SURT (FAT) PEL00260
FACI(1) = 1.0 PELO00270
FACI(3) = 1.0 PEL00230
KRTFACLL) = 1.0 PEL00290
RIFAC(3) = 1.0 PELO0300
FAT = 1.0 PELOD310

DO 15 132033 PEL00320

1 =1 PEL00330
FAT = FATsF] PELOO340
FACI(28][+]1) = FAT PELO00350

15 RTEAL(2%]+41) = SGRT(FAT) PELO00360
FAY = 1,0 PEL00370
V0 20 §=34.47 PEL00380

L =1 PEL00390
FAT = FAT2R] PELOO4%00
20 RTFAC(2%]1+1) = SQRTIFAT)*RTIFAC(67) PELOOG10
S@2 = 1.0 /7 ROOT(2) PELOD&20
RK1 (1) = U5 PELOO430
KK1 (2) = 1.0=-5Q2 PELOD440
KK1 (3) = 1.04502 ’ PELO0450
KK1 (4) = 1.0/6.0 PELOO46D
RKZ (1) = 2.0 PELOO470
KKZ (2) = 1.0 PELOO48O
KKZ (3) = 1.U PELOO490
KKZ (4) = 240 PELO0S00
KKS (1) = 0e5 PEL00S10
RKS (2) = 1.0=SQ2 PEL00S20
KK3 (3) = 1.0+5Q2 PEL00530
RKS (4) = Ued PELOOS40
KK4 (1) = U5 PELODSSO
HK4 (2) = uesU - 30 - PEL00560
KK4 (3) = Ued PEL00S70
KK4 (4) = U.0 PEL00580
Ku(1) = 1 PELOO0590
-

f T N )




Aee

BT A YTty e 4

o Py o e

.

cececcc

Ret2) = u PELO00600
Rety) = 4 PELOOG610
R&4t%) =0 PEL00620
CCM = 511.0062 PELO0630
ALFA = 1,0/137.0367 PELOO64O
HREL = U.281777 PELOD6SO
Pl S 3.,18159265 PELOO660
FOURPL = 8,0%pP] PEL00670
HALFPL = Ued ¢ V] PELO0680O
RAD = M1 /7 180.0 PEL00690
FIB = Ue250%PISRELSRLL/ALFA PELO00700
22 READ (9029) JMoKMAX LMo NTAPE 'NEDGE 2 IA»1B212Z+LOOP2QV+SAVE PELOO0710
€O PORMAT (Y]>r2E15.8) PELO0O0720
ORULINARILY, IA = Ur IB = Ue SAVE = O, PELO00730
I8 oNte U CUTS OFF CALCULATION AFTER 1B SHELLS a PELO00740
IA s03. U RESTARTS AFTER IA SHELLS PELOO7S50
SAVE IS THEN CROSS SECTION OF FIRST 1A SHELLS READ BACK IN PEL00760
WUV ENIERED IN XsEsVer SAVE ENTERED IN BARNS PELO00770
LOOF = U ORVDINARILYr LOOP = 1 FOR LM REDUCTION PELOO780
neDoe NEGATIVE TERMINATES PROGRAM PELO0790
IF (NEDOE LT U) CALL EXIT PELO00800
WRlIE (602/7) PEL00810

2/ FORMAT (1H1///72X+s4UHINPUT DATA FOR PHOTOELECTRIC CALCULATION //2X.PEL00820
116HINPUT CAKD READS//72X03BHJM KMAX (M NTAPE NEDGE 1IA 18 1Z,PELO0830

20H  LOOP» 71X 2HQAV 1UX P 4HSAVE /7)) PELOO84O
WRIIE (6025) JMiKMAX)LMosNTAPE/NEDGE»IA2 I8¢ 12:LOO0OPQV/sSAVE PEL00850
DATA CHECKING PELGO0860

IF AMLINUCGUMeKMAX o LMe JAr 1B) «GE.U) GO TO 29 PEL00B70

28 WK1k (br1U2) PELO0D840
1U2 FORMAT (95X 15HINCORKLCT INPUT /7)) PEL00890
G0 10 22 PEL00900

29 IF (U1LLT.2).0R. (12.6Te102)) GO TO 36 PELOO910
IF (JdVeltoULU) G0 70 28 PEL00920

IF C(LOOP«NEoU) « ANU e (LOOPeNE 1)) GO T0 28 PELD0930

I (UMLE J24) G0 10 111 PELOO940
wM=¢H PEL00950
wRIIE (6r1UY) UM PELO0960

1UY FURMAT (/5X56HIN ORDEK NOT TO EXCEED DIMENSION JM HAS BEEN REDUCEDPELO00970
1 10 1%/) PEL00980
111 iF (KMAX.LEt.12) G0 10 112 PEL00990
KMAX=12 PELO0100O
wRilt (69s113) KMAX PELO1010

115 FOKMAT (/5X5BHIN ORUER NOT TO EXCEED ODIMENSION KMAX HAS BEEN REDUCPEL01020
1tV 10 137) PELO1030
112 IF (LM.LE.12) 00 T0 116 PELO1I040
LM=12 PELO01050
wRIlE (6r114) LM PELO1060

114 FORMAL (/5X56HIN ORUER NOT TO EXCEED DIMENSION LM HAS BEEN REDUCEDPELO01070
1 Tu 137) PELO1060
116 £ = I¢ PELO1090
A = (L*ALFA PELO1100
LREA = LAXLA PELO1110
WRIIE (6rDU)ILrQVIKMAX LM IM PELO1120

SU FORMAT (1H1///5X40HINPUT DATA FOR PHOTOELECTRIC CALCULATION // PELO1130
114Xe 149171 = NUCLEAR CHAKRGE /9X¢F943¢16H = PHOTON ENERGY // PELO1140
215X13025H = MAX KAPFA FOR ELECTRON 715XI3¢19H = MAX L FOR PHOTON /PELD1150
I1HXLIr26H = MAX J (LEGENURE COEFF,) //) PELO1160
REWLNU NIAPLE PELO1170
REAU (NTAPE) NORIUeISIXFLe IONLrRSIXFI/RONEr (X(I)eI=19NGRID) PEL01180

39 KEAU (NTAPE) ZTRY sJXo[{AME s SCREENe (XNCI o XLC(I) o XJUI) e XZ(I))ERG(I)» PELQ1190
1I=1e9x) -5 - PEL01200

1Z1 = LTRY + U.U1 PELO1210




IF U 1Z .tue 127 )
REAV (NTAPL) (SCF(])«]I=1o/NGRID)
C SKIPS LOGICAL RECOKU CONTAINING
U0 Y ISKIPZ1eJX
YY REAU (NTAPE) RCUT kULl GBU1)sI=)
¢ SKIFS UNWANTED LOGICAL RECORLS T
IF U 14T oLk, 102 )
3o wWRlit (6r3V) |2

60 Tu 22
4V wRllt (604))

IF (NEDOE LT UX) G0 TO 28
IF ((JAGLE +UX) eORe LIBGT oUX))
REAU (NTAPL) (SCF(1)e1S1eNGRIU)
1F U NEDOE «tQe O ) 60 10 93
@ = EROGINELGL)
UV = @ s CuMm
60 10 94

Y3 0 = WV /7 CLm

1x{NUK1D)
173 FORMAL (//25XA601X9YHS ELEMENT/28X

328X1501X24H= RADIAL GKID UP TO X
W27Xi40r1X24H= RADIAL GRID UP TO X

SALULE /7))

SECI = SAVE

IF U Ip «tUe 0 )
Yo bV 1 = 1. 18
READ (NTAPE) RCUTekJle (GB(L).L=1
IF Ul.LE.1A) 60 Y0 &U

IF (QebLERGLI)) 60 70 90
WRIIE (6e95) XNL])

18 = JX

60 10 60
YU IF ( @ +tQe ERG(I) ) NEDGE = ]
wRIIE (6e8BU) XNUI) e KCUTeKUI

£SIT FlosxZtl)/aQ

LXb = XL(1l) + 0.01

JKHB = 2.U0*XJ(]l) ¢+ 0,01
LMKY = JKB=-LKH

FKH = XJl1)+0eD

GAMEB = SQRI(FKB*32=/A%ZA)
KB = kKB + U,01

KM = MAXU ( KB+le KMAX )}
KM = MINU ( KMe KB+LM )
IF (KMEu.rMAX) 60 10 186
WRIIE (beld/) KM

L K2M = 2 * KM
JMP = MINU { UM+]1eKZ2M )
EFN=Q=-tRG(]1}
EBSEROGUL ) LM
SHELL=XMN(L)
CALL SINUEX
IF (IHNKoLEoe2UU) e ANV« (INKPJLE o 200) )
WRIIE (601UL) NKoNKF

f\
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60 T0 &0
POTENTIAL
oKJI Ve ( FBUI) e IZ3eKJVI )

O NEXT ELEMENT
G0 TO 35

U FORMAT (//30X19HNUCLEAR CHARGE Z = I3+1X1B8HNOT FOUND ON TAPE,)

4D FORMAL (////7/20X¢25HTAPE POSITIONED PROPERLY.Z///7)

GO TO 28

Y4 WRIIE (60173) NAME¢1ZeJXeSCREEN, IONEsRONE s ISIXFI+sRSIXFI/NGRID»

13,1X15H= ATOMIC MUMBER/

129X12¢1X27H= NUMBER OF tLECTRON SHELLS/
216Xt15.8¢ 1X46H= SCREENING FACTOR OF OUTERMOST BOUND ELECTRON/

= F4.l/
= FS.l/

' KJI) e (FBLL) oLS20KJI)

Y5 FORMAT (/5Xe 1BHENMERGY FALLS BLLOWr1XA6¢1X4HEDGE//)

8U FORMAT(1H1/25XA601X7H= SHELL/16XE1S.801X21H= INTEGRATION CUT-OFF/
127X14¢1X37/H= NUMBER OF wAVE FUNCTION GRID POINTS /)

18/ FORMAL (28BK13,27H = MAX KAPPA FOR THIS SHELL )

50 TO 83

PELO1220
PELO01230
PELO1240
PELU12%0
PEL03260
PELU1270
PELO128D
PELO01290
PELO1300
PELO1310
PELU1320D
PEL01330
PELO1340
PEL01350
PELO01360
PELO1370
PELC1309
PEL01390
PELO1400
PELO1410
PELO1420
PELULI®3G
PELO1440
PELO1450
PELO1460
PELO147C
PELO14&0

D27x1401X19YH= TOTAL RADIAL GRIU /716XE15.801%X24H= OUTERMOST RADIAL VPELO1490

PELO15u0
PELO1510
PELO1520
PEL01530
PELO1540
PEL01550
PELO1S60
PELC1570
PELO1Sa0
PEL01590
PELD1600
PELO1610
PELO1620
PELD1630
PELO1640
PELO16%0
PELO1660
PELO1670
PELO1630
PEL01690
PELO1700
PELO1710
PE'” "0
PELL G
PELO4L 40
PELODO1750
PELO1750
PELO1770
PELO1780
PELO1790
PELO180D
PELO181T
PEL0.1820
PELO1830

e e e R v Ry




LUV FORMAT (SXSWHMATRIX ELEMENT DIMENSIONS EXCEEDED,16XSHIK = 14 PELO1840

10MNKP = 14//730X12HCASE LUROPPED /7/) PELO1850

‘ 0 v 22 PEL01860
6 83 NTOTSNK NP PELO1870
WRITE (601101) NTOT PELO01880

11U1 FONMAT (27XsJ%e43H = NUMBER OF MATRIX ELEMENTS FOR THIS SHELL //) PEL01890
CALL RAUVINT PELO01900

85 CALL LEGEND PELO1910
DO 86 J=loeuwp PEL01920

0 LD(JISFSTsU YY) PELO1330
WRI1VE (6e2 ) UMe KMo LM PELO1940

€ FORMATUIHL//7/715Ke 130261 = MAX J (LEGENDRE COEFF.)/ 15Xe13» PELO1950

1 25H = MAX KAPPA FUR L ECTRON/Z1SXIJe19H = MAX L FOR PHOTON/) PELO1960
CALL ANGLE PELO01970

IF WOOP.LT.2) 00 TO 88 PELO01950

wRilt (6062) LM PECL01990

G2 FORMAT (/7//7/50X23H LOOP REDUCTION TO LM = 12) PELJ2000
87 IF (LM.EQ@.1) 60 TU 63 PEL02010
LM = Lm=] PELO02020

IF WRM LE. (KB+LM)) 60 10 ol PEL02030

AM = Kb+LM PELO2040

KR2ZM S 23KM PEL020S0

JMP = MINU ( UMP» K2N ) PEL020560

M T JUMP =~ ] PELO207C

bl CALL HUM PEL02080
60 1V 85 PEL02CYO

88 IFf (1.L@«NEDGE) Sebok = FOURPI=D(}1) PELO210C
SECE = SECI4FOURPISLI(L) PELO211C

~ IF WLOOP.L£W.0) 00 TO 60 PELO2120
{ LOUKr = 2 PELO02130
LMS = LM PELO2140

JMS = UM PELO2150

PSS = JMP PELO2i60

GO 1V 87 PEL02170

03 LOOP = 1 PELO02160
LM S LMS PELO2190

JM = UMS PEL02200

JMP = UPS PELO02210

oV CONTINUE PEL02220
wRIIE(OI20U0) NAMEe 1&» GVe SECT PEL02230

2UU FUORMAT (1HL1//7730X» THELEMENT 127X 0 13HATOMIC NUMBER//32X»A6e31Xe13/7/7/PEL02240

1 30X017HPHOTON ENERGY = 2F12.7¢5H KEV /7777 40X» PEL02250

2 22HTOTAL CROSYS SECTION = 9E15.8¢7H BARNS 7777 ) PEL02260

IF {NEDGE QD) 00 TO 22 PEL02270

C IF Al EDGEe CROSS SECTIUIN BELOW EDGE PEL 02230
SECI = SECI-SELGE PELO02290

WRIIE (6075) SECT PELO2300

5 FORMAL (/4UX27HCROSS SECTION wELOW EDGE = E15.8+6H BARNS/) PEL02310

G0 10 2¢ PEL02320

(V) PEL02330

- 33 -




This page is intentionally le”t blank.

- 34 -




TR

WA U XY Y] .1y (U USRI (W 8

!

S g e ey

——

Purpose:

Method:

Subrsutine called:
3ubroutire called by:

Variakles in

unlabelled Common:

SUBROUTINE ANGLE

This routine computes the angulay distribution from the

legendre coefficients of the cross section and a calculation

of the Legendre polynomials, and outputs the differential cross-
section at tw? degree intervals.

Lerendre polynomials are computed at tw> degree intervalc, thesn
multiplied by the legendre coefficients of the cros: cectionn and
finaliy summed.

None

PELEC

PI, HALFPI, *@¢URPI, RAD, 345, L, ZA, LACA,

EFN, V, CG, GAM

Labelled Common: FIDg

Local Variables:

Name Dimension Mode Meaning

JL 1 Order of legendre coefficient

zZL R Electron kinetic energy in keV

SHAX R Maximum differential cross section

KMUQ I Indexing variable

ITHETA I Angle (in degrees) between photon and
electron

IT a1 I Stores eangle values

UG R Cosine of angle

SIP R Unpolarized cross section (in barns/
steradian)

PPL R Legendre polynomial

3P 91 R Stored values of unpolarized cross section

AD 91 R Angular distribution

Xomn R Integrated cross section (in barns)

QMY 91 R Stored values of cosine of angle

e 457 e e MO ¥

-55..




( ANGLE
v e 1 of 2

Trop on max order
of legendre coef

C Enter ASGLS )

+ 1 to'}y;
Write Legendre coefficients -
of cross section

!

Write new page heading
for ogutput

( Is max Legendre coef =9

¥ o

Yes Bypass differentiad
cross section
i
Write output teading
Tr:d- i

Jialize mary fi7ferernt®al cross section

Loop theta in 2°
intervals 5"

l.

Compute angle and corresponding cosine
in two degree increments

Calculate partial value of
differential cross section

t

(Is order legendre coef =1
Calculate Legendre
polynomials by recursion

'

Yes ’<::::>

Loos on max order of
legendre coef + 1 to

\
}

Accumulate partial value of
differential cross section

R

Compute unpolarized cress section
and save




[

ANGLE
Page 2 of ¢

» |

Is cross section > maximum \ Yes | Set maximum cross
cross sectior section equal to

cross section
No
15 Contiie ‘_‘_J
Looj on cross
. section
Calculate angular distribution intervals of
relative cross section 2 degrees to

'

Write out angle, cosine of angle,
corresponding differential cross section,
angular distribucion

Continue

@————- Compute integrated cross section

jirite out integrated cross section

S g sefats




SIBFIC ANGL
SUBROUTINE ANGLE

ANG00010

COMMON PL/HALFP1)FOURPI/RAD?SQ20QeZA0s2AZA'EFNIEGNIVeCG(30) ¢ 6AM(30) ANG00020

COMMON/F IVO/F1(30015) oD(30) o JMP+NAME ¢y SHELL ¢ QVIEB J2 ANG00030
DIMENSION 1T(91)e UMULYL)e SP(91)» AD(9]1) ANGOO0040
WR1TL (602 ) ANG00050

€ FORMAT(///10X» 38HLEGENDRE COEFFICIENTS OF CROSS SECTION// ANG00060
1 OXelHJP 10X 4HD(Y) /7 ) ANG00O070
DO & J = 1 UMV ANG00080
JL = J =1 ANGO00090
WRIIE (603 ) JbLe DY) ANGO00100

S FURMAT ( 17¢5Xe E19.8 ) ANG00110
& CONTINUE ANG00120
tL = GV = tb ANG00130
wR1IIL (6505) NAME» 1Z» SHELL» EBe QVe EL ANG00140

S FORMAY (1MHL///7/7933Xe THELEMENT » 7X 0 1 3HATOMIC NUMBERe 13XeSHSHELL// ANGO0150
1 35Xe A0 11X0 30 17XeA6///716Xe L4HBINDING ENERGY 917X ANG00160
P4 13HPHOTON ENEROGY»11X»23HELECTRON KINETIC ENERGY// ANGOO0170
3 SC14XeFLl2.704H KEV) /77 ) ANGO00180
IF { JMP Qe ) ) GO Y0 24 ANGO00190
WRIIL (608) ANG00200

B FORMAL (25X 4 SHUNPOLARIZED CROSS SECTION (BARNS/STERADIAN) // ANG00210
1 10X»SHTHETA» 15X 9HCOS THETA¢18Xe 13HCROSS SECTION» 16X» ANG00220
l LUHANG. DIST, /77 ) ANG00230
SMAX = 0,0 ANGO0240
U0 15 KMUQ = 1» Y1 ANG00250
ITHETA = 2 = ( KMUQ = 1 ) ANGO0250
I1T(KMUQ) = ITHETA ANG00270
THESRAUSFLUOAY (ITHETA) ANG00280
FMUQ=COS (1HE) ANG00290
OMULKMUQ) = FMUQ ANG00300
PMI=1l.0 ANG0O0310
PNSFMUG ANG00320
SIP 2 DY) ¢+ FMUG * U(2) ANG00330

IF (UMP.tQ.2) 60 Y0 12 ANGOO 340

U0 1U J=3sJdmp ANG003S0
FNSJ=2 ANG00360
PPL = ( PNEFMUQG%(2.UsFN+1.0) = PMI*FN ) /7 ( FN+1.,0 ) ANG00370
PMI=PN ANG00380
PNEFPL ANGO00390

1U SIP = SIP + PPL * D(J) ANGOOLOO
12 SF(KMUQ) = SIP ANGOO410
IF ¢ SP(KMUG) +GT, SMAX ) SMAX = SP(KMUQ) AlNGO0420

15 CONIINUVUE ANGOO& 30
DO 20 KMUG = 1» Y] ANGOOHGO
AD(RMUQ@) = SP(KMUQ) /7 SMAX ANGOO0450
WRITE ( 6018) IT(KMUG)e QMU(KMUQ)» SP(KMUQ)» AD(KMUQ) ANGOQUo0

18 FORMAT ( 15Xel5r15XrFl0e7017X +E15.8 ¢ 15Xe F10.7 ) ANGOO470
2U CONTINUE ANGOO0480
24 XSEC = FOURPL * D(1) ANGO 0490
WRITE (6r25) XSEC ANG00500

25 FORMAT (/////730X2THINTEGRATED CROSS SECTION = E15.,8¢ 6H BARNS //) ANGOO510
RETUKRM ANG00%520
END ANG00530
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Purpose:

Method:

SUBROUTINE CpEFS

Computes Clebsch-Gordan coefficients.

For computer computation economy, the requisite square roots of
interers, factorials and square roots of factorials are stored
in common. The routine uses explicit algebraic expressions for
Clebsch-Gordan coefficients whose smallest angular momentum value
is two or less (with appropriate p tation of irdices). Cther-
wise the general formula is used, with a specialization for the
parity Clebsch-Gordan coefficients. The input variables are

double the angular momenta quantities, in order to use them in

integer mode,

Subroutine called: None

Subroutine called by: FILL, HUM, MUSS

labelled C;ommon: FAC

Argument sequence: (Ji, J2, J3, ML, M2, C)

Argument List:

Name Dimension Mode Meaning

Jl, Jz, J3 I Angular momenta

ML, M2 I Magnetic quantum numbers

C R Clebsch-Gordan coefficient
= j(’a o




o

Bnter COEFS

]

Enter with Jy, Jo, J3, My, M

=
N

Yes \
( Is min J > 2 600 )

R

Symmetry operations to put min J in second place
with the corresponding M positive definite

3

Cotipute C from appropriate
special algebraic formula (1)

=0 = @

v

== Réfturn

No

Compute C from general formula (2) k‘—_" Return
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e
O—C=
-1 4) 5.9 605

1
" -
L Yes

+ J. + J_ even o
2 3

[l

=

Yes

g

Compute factor to reduce to parity ¢ (3)

'——-b- Compute C from formula for parity C (3) }—e= Return

References:

{1) E. V. Condon and G. H. Shortley, Thecry of Atomic Spectra, (Cambridge
University Press, 1935).

(2) G. Rac+., Phys. Rev, 62, 438 (1942).

(3) L. C. Biedenharn and M. E. Rose, Rev. Mod. Phys. 25, 729 (1953).




L et e

SIBriIC Cotr

210

a2au

2N

24U
249

2%V

295
250
23/

F-11)
2065
2
28V
ra ]V
Suu
IUd
31v
15
3495
330

4y

SUBKROUTINE COEFS ( J1leJ2eu3eMieM2,C )
COMMON /FAC/FL67) oeRTLY9D) sHISV)

M3 = M)l ¢ M2

C =0,

SI6M = 1.0

JHIN S MINO (J1eJ2:J3)

IF  UMIN GT., & ) 60 70 600
IF U UMIN tGe J2 ) 60 YO 220
IF ¢t JMIN .tQ. J3 ) 60 TO 230
Ll = W

L2 =J1

L3 = J3

LMl = =M2

LM = =M}

LM3 S =M3

60 10 240

L1 = Jl

L2 = J2

LS = J3d

LMl = M)

LMZ = M2

LMy = M)

60 10 240

L = J1

L2 = Jd

Ly = J2

LMl = M1

LM2 = =M3

LMY = =M2

SIOM = RUILZ*+1)I/R(LI+]Y)

IF ¢ MOD ( U1 = M1l ¢ 4 ) «NE. O )
IF ¢ LM2 ) 245 25U 250

LMl = = M)}

LM2 = = LMZ

LMY S = LMS

IF ¢ MOD ( L1 ¢+ L2 = L3 » 4 ) «NE, O )
JMIN S JUMIN+]

K S L14LMY

L = L1=-LM}

60 10 (259:2600300,T09e400) JMIN

IF (L1=-LS) 800,2562800

IF WLM1=-LM3S) 8U0.257.800

C = 5SIGM

GO0 10 8UUL

IF (L3=L1-LM2) 26502809270

SIGM = =510M

K =L

KP1 = K + 1

C= RIKPLI/R(28L1+42)
C = SloM=C

GO 10 800

IF (L3=L1) 3ube310r31d
1F (LM2) 8U0r3259330
IF (LMZ2) BUU» 340,345
IF (LM2) BUU» 39360

C = =RILISR(K): (R(2sL 1) =R (L1+1))

o TO L1101

C = RILISR{L+2)/7(2.U*RILL1)*R(L1+1))
G0 10 38U

C 2 PLOATUILMI)/Z(RILYI)ISR(LL142))

60 10 38U

- b -

[

SIGM

SIGM

- SIGM

= SIgv

COF00010
COF00920
COF00030
COF00040
CCF00050
COF 00060
COF00070
COF00080
COF00090
COF00100
CoF00110
COF00120
COF00130
COF00140
COF00150
COF00160
COF00170
COF00160
COF00190
COF002G0
COF00210
COF00220
COF00230
COF00240
COF00250
COF 00260
COF00270
COF002c0
COF00290
COF00300
COF00310
COF00320
COF00330
COF00340
COF00350
COF00360
COF00370
COF003€0
COF00390
COF00400
COF00410
COF00u20
COF00u430
COFO004u0
COF 00450
CGFO0460
COF00470
COF00430
COFO00490
COF0C500
COF00510
COF00520
COF00530
COF005u40
COF00550
COF 00560
COF00570
COF00580
COF00590
COF00600
COF00610




345 LOX 3 Le2 COF 00620
C 2 =RIKISRILOX) /7 (R(2sL1)sR(L142)) COF00630

60 W 380 COF00640
I LOX = Le2 COF00650
LAR = K+2 COF00660

C = RILOXI*R(LAX)Z7(R(28L142)8R(L1+2)) COF00670

o0 380 COF 00680
U C = RIKISRIK42) /(2. 0%RIL1+1)8R(L142)) COF 00690
S8U ¢ = SicMeC COF00700
60 10 800 COF00710

WUO M = LM2/2¢) COF00720
J = L3=L1)/72 +3 COF00730

60 TO (4800510,540) ¢ M COF00740

88U GO 10V (4850490049505000505) ¢ J COF 00750
W85 C = RII)*RIL)ISRIL=2) *RIK) SR(K=2)/(R(B)*R(L1=2)sR(L1=1)*R(L1) COF00760
1sR(L1+1)) COF00770

60 1IC 7% COF00780

49U C = =0 SSFLOATILMI) sRI6)*R(L)*sR(K)/(R(L1)®RIL1=2)sR(L1+1)*R(L1+2))COF00730
60 10 975 COF008G0

495 C = Ued SFLUOATLISLMISLMAI=L]1*(L1+2)) CoFoce10
1 /(R(L1)*R(L1=1)*R(L142)2R(L1+32))COF00820

60 10 575 COF00830

SUU LOX = L+2 COF008u0
LAX = K+2 COF 60850

C 2 UeOHSFLUATILMY) COF00860

1 *R(6)SR(LOXISRILAX) Z(R(L1)*R(L1¢1)*R(L1+2)®R(L1+4)) COF0087C

GO0 10 975 COF 00860

SUS LUX = L+4 COF00890
LAX = L+2 COF00900

LLX SK+4 COF00910

LXX = K2 COF 00920

C = RUI)*RILOX)*RILAX) *R{LLX) *R{LXX)/(R(8)SR(L1+1)SR(L1+2)*R(L1+3)COF00930
1sR(L1+4)) COF 00940

GO0 10 57% COF00950

51U GO TO (51505200 529¢530+535) » J COF 00960
919 € = =R(L42)*R(L)*R(L=2)*R(K=2)/ (2. 08R(L1=-2)sR(L1=1)*R(L1)*R(L1+1))COF00970
60 T0 57 COF00980

S2U C = UeH*FLUOATILLI+2%LM3=2) COF 00990
1 SRIL42)*R(L)/Z7(R(L1)sR(L1=2)8R(L1+1)*R(L1+2)) COF01000

60 10 575 COF01010

9¢5 LOX = L+2 COF01C20
C = (1e0=FLOATILMI) I *R(I)SR(LOX)SR(K)/(R(2sL1)*R(L1=1)*R(L1+2) COF01030
1*R(L1+3)) COF01040

G0 TO 575 COF0105%0

93U (S ¢58FLOAT(24LM3=L1=4) COF01000
1 SRIK+2)SR(K) Z(R(L1)*R(L1+1)*R(L1+2)*R(L1+4)) COF01070

60 10 575 COF01040

935 LOX = L+u4 COF01090
CERILUX)*R(K+4) 2R (K+2) *R(K) /(2. 08R(L1+1)*R(L1+42)*R(L1+3)*R(L1+4)) COF01100

60 10 575 COF01110

54U 60 |0 (545, 55095550560, 565) » J COF01120
945 ( T RIL=2)*R(L)*RIL+2) *R{L+4)/(4.0%R(L1)*R(L1=2)*R(L1=1)*R(L1+1)) COF01130
G0 10 575 COF01140

99U (= =HIK=2)3R(L)SR(L+2) R (L+4)/(2,0*R(L1)*R(L1=2)*R{L1+2)*R(L1+1)) COF01150
oL |0 515 COF01160

999 LOX = L+¢ COF01170
LAX = L+4 COF01180

C = KIS *R(K=2)#R(K) xR (LOX) sR(LAX) /7 (R(8)*R(L1)*R(L1=1)*R(L1+2) COF01190
1*R(L1+5)) COFo01200

6L IV 575 COF01210

S6U LUX = L+4 COFo01220

C = =KIK=2) 2R (K) R IR+2) s H(LOX)} /(2. 0xR(L1)*R(L1+2)*R(L1+4}*R(L1+1))COF01230
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50)
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fuy

1v

ey

1¢5

13V

13>

14y
4-1V)

1595

41V

165

417

ouu

ouUd

0 10 57

CSRIK=2)SRIK)SRIK+2)SR(X+4) /(4. 08R(L141)sRIL142)SR(LI+3ISR(L1+S))

C S S16M=C

60 TO 800

M= (LM2+1)/2

J = (La=L1+v) /2

GO 1O ( /71Ur 740 ) o (]

GO 10 ( 72U, 725¢ 7300 735 ) J

C 2 ROOIRK=1)I*R(L=1)KR(L+1) /(R(B)sRILL1)*R(LI=1)sR(L1+1))
60 10 T8V

C S =FLOATL(LLI+3eLMI=1)/2)2R(L+1)/7(R(2)eR(L1~1)8R(LA+])SR(L1+2))

60 1V 78V
KPl = K + 1

C 2 =FLOAT((3=3%LMI3+L1)/2)*R(KP1)/(R(2)*R(LL)*R(L1+1)*R(L1+3))

60 10 78U

LOX = L+

KPl1 = KR ¢+ 1

KPY = K + 3

C 2 RIJSRIKPLISR(KPI) 2R (LOX) /7 (R(B)=R(L14+1)sR(L142)=R(L1+3)})
GO 10 780

60 i0 ( 75Us 755, 760¢ 765 ) J

C = =RIL=1)sR(L*L1)*R(L+D)/(R(B)I*RI(LL1)*R(L1~1)sR{L1+1))
GO 10 780

LOX = L+

LAX = L+1

C 2 RUS)IsR(K=-1)*R(LAX)*R(LOX)/{R(B)+R(L1=1)=R(L1+1)*R(L1+2))
60 10 78U
LOX = L+J
C = "RISIH(K=1)eR(K+1)sR(LOX)/(R(B)SRILL1)I*R(L1+1)*R(L1+3))
60 10 /78U

C 2 KIK=1)sR(K+1)*H(K+3)/(R(B)*R(L1I+1)sR(L142)*R(L1+3))
C = CsS16mM
60 10 8OV

THIS 15 THE StGINNING OF COMPUTATION OF C-COEFFICIENT
USING THE GENERAL EXPRESSION.

Ll = J1+J2=03+1

L2 = J1=J2+Ji+1

L3 = =Jl+U2+J3+]

L10 = J14J2+0343

IF U M3 Ews O ) 60 TO 615
LY = JleMmle]

L = Jl=Ml+]

Lo = Je+M2+1

L7 S J2=i12+]

L8 = JIsMi+]

L9 = Ja=MI+)

SI = RT(LIU) 7 | RTY(L1)sRT(LY)SRT(LS) )
ST =2 5T /7 ( RTILE) *= RTIL?) )

ST 2 5T 7 ( RUVI+1)I*XT(L2)*RT(LI) )
ST = 5T 7t RIW8) = RILI) )

N7 = L1i=L?

N4 = Ll-L4

MIN = MAXU (OsHi4»NT7)

MAX = MINU (L1/L5eL6)
IF IMOU(MINIG) oNELU)

MIN = MIN+t]

SIGM==1,0

N1 = L1+l
NS = Lb+l
N6 = Lo+l
SUM = V.U

U0 €1U LZIMINIMAX 2

NIL = Nl=LZ S 1Y Fp

COF01240
COF 01250
COF01260
COF01270
COF01280
COF01290
CoF01300
CGFO01310
COF01320
COF01330
COF01340
COF01350
COF01360
COF01370
COF01380
COF 01390
COFO01400
COF01410
COF01420
COF01430
COF0144C
COF 01450
COF01460
COF01470
COF01480
COF01490
COF015G0
COF01510
COF01520
COF01530
COFO01540
COF01550
COF01560
COF01570
COF01580
COF01590
COF01600
COF01610
COF01620
COF01630
COF01640
COF01650
COF01660
COF01570
COF01680
COF01690
COF01700
COF01710
COF01720
COF01730
COF01740
COF01750
COF01760
COF01770
COF01780
COF01790
COF01800
COF01810
COF01820
COF01830
COF01840
COFG1850

A meain i SRR




g

olv

61

- Y'41)

suy

NSL = NOY=LL

NOL = NO=L¢

NYL S=N8¢LYZ

NIL S=N7+LL

TERM = ST = F(LZ) = FINIL) & FINSL) & FIN6L) = FINGL) & F(NTL)
CSC + SI6M 7/ TERM

SI6M = =5]oM

©0 10 B8OV

IF t M2 .tue U )

IF U 1ABS(M2) NE. 2 )

JMOU = MOD ( (L10 ¢ 1 ) & )
IF  JMOD oNEe 0 ) 60 T0 605

ST T Jd ¢ (UJ + 2) = Jl = (J] ¢ 2) = J2 = (J2 ¢+ 2)

SIGM = Ued % SI6M = ST /7 | RIVIISRIJL ¢+ 2)sRJ2)*RIJ2 ¢+ 2) )
SMOD t (L1 ~-11)e8 )

60 TO 620
60 TO 605

$
€

IF { JMOD sNE. 0 ) SIGM = = SI6M
Le = L L1 +1) 7/ 2
Lb = (L +1)7/72
Lo = L L3 +1) 7 ¢
L7 = t L1V =-1) 7/ ¢

C S 510M & RWJS ¢+ 1) = FILT) 7 ( FILG)IsF(LS)sF(L6E) )

C=Cs rRIWL) = RTILZ) * RTILS) 7 RTWL10)
RE TURN

tinv
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COF01860
CoFo01870
COF01880
COF01890
COF01900
COF01910
COF01920
COF01930
COF01940
COF01950
COF01960
COF01970
COF01980
COF01990
COF 02000
CGF02010
COF02020
COF02030
COF02040
COF02050
COF 02060
COF02070
COF02080
COF 02090
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SUBROUTINE DERIV

Purpose: Computes for the Runge-Kut a integration the derivatives of
the bound state wavefunctions and the interrands of the matrix
elements up to one-half Bohr radius.

Method: Calculates the derivative of the radial componen:s from the
coupled Dirac radial equatvions. In evaluating the interrand
of the matrix elements the r' factor is restored if r < 1.

Subroutine called: SPHBES

Subroutine called by: RKUT, RADINT

Variables in unlabelled Common: PI, HALFPI, FQURFI, RAD, SQz, G, ZA, ZAZA,

EFN, EGH, V, CG, GAM

Labelled Common: BESSEL, DEFULC, LIMIT, TAPES, VECT

Local Variables:

Name Dimension Mode Meaning
Z R Photon momentum ¥ radiua
I I Indexing variable
A R Sum cf gammas of bound and {ree state
electron
}
- 47 -
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C Enter DRIV ’

DERIV
Page 1 of 2

(

Is radial index > 3

‘ No

O

Set Integration flag =1

Is flag = O

‘ o

Set flag = ¢

Y

Compute potential,
Bessel functions

Flag = 1

-

4¢

@__.

Calculate derivatives of

wave functions

L Loop on free wave
functions to

Calculate integrand of matrix

elements for K (uy n')

Loopon matri
elements to

l

Is radius > 1.0

l o

+ ]
??“*‘OI‘ f__(__radius)Y Y

k__Y_es____’_‘ Bypass

multiplicati \
factor Ij

Multiply integrand
by factor

L

?

Continue

-4 -

NS o




Page 2z >f 2

Locpon matrix
elements to(::)

Calculate integrand of matrix
elements for Kg(u', »)

!

(j Is radial value > 1

| v

1 ;
‘;i Factor = (radius)Y =4
| l; Multiply integrand by factor

1

Continue

Yes

[

- Ly -
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SieriC DER]

<

YY)

N
di

35

4V

41
1Y

SUHBKRUUTINE DERY

COMPUTES DERIVATIVES

IF (NIAB.G1.3) 60 70 10
NEw = )

b0 1V 50

IF (NtwWw.tQ.0) 60 1O S0
New = U

V==5CF (NTAB) /X (NTAB)

L = UsX{NTAHB)

CALL SPHHES ()

60 10 J1

NEw = 1

00 35 NZ1eKZ2M

UFIN) = CRIN)*F (N)/X(NTAB)=(EFN=V)*G(N)
DGIN) = COINI*GINI/X(NTAB)+(EGN=V)*F (N)
VO 8U NZ1enNK

1 = KG(IN)

L = LBES(N)
UFRINISBIL) *6 (1) sFB{NTAB)

IF (X(NTAB) +6T.1.0) GO T0 40

A = OAM{1)+GAMY

UFKIN)} = DFK(N)®(X(NIAGB) ) *=A
CONT INUE

UU 41 NS1eNKP

1 S KFiN)

L = LusS(N)
UFKFPIN)SBIL)*F (1) *GB(NTAB)
IF (X(NTAU) «6Tel,0) GO 70 41
A = LAMLI1)+6AMB

UFKP(N) = UFKP(N)*X(NTAB) **A
CONT ENUE

RETURN

thu
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OER00010
DER00020

COMMON PLoHALFPEoFOURPLIRADISW20Q0 ZA» ZAZAIEFNIEGN V2 C6(30) »GAM(30)DER00030
COMMUN/BESSEL/ZFL(15) o PC(1500F (15015) 9M1,M2,B(15)
COMMUN/DFUNC/F (30) »6(30) +DF (30) +DG(30) +DFK(200) »DFKP(200) »CF (30) + HDER000S0
COMMUN /LIMIT/UMoLMoKMoK2Ms LEND ¢+ NEW o NK ¢ NKP » JKB ¢ LMKB»NTAB
COMMON /TAPES/X(1500) +SCF(1500)FB(1500),68(1500) » 6AMB .+ SCREEN
COMMON/VECT/KF (200) 1KG(200) o LBES(200) 2LBS(200) #LKB

DER0O0040

DER00060
DER00070
DER00080
DER00090
OER00100
DEROO110
DER00120
DER0O0130
DEROOlu4C
DER00150
DER00160
DERO0170
DER00180
DER00190
DER00200
DER00210
DERON220
DERQ0230
DERO0240
DER00250
DER00260
DERU0270
DER00280
DER00290
DER00300
DER00310
DER00320
DER00330
DEROO340
DER00350
DER00360
DER00370
DER00380
DER00390
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Purpose:
Method:

Argument List:

SUBROUTINE FILL

Computes @(x,\)

¢(n,\) is computed in two passes, one for K‘(n ®') contrioutions
the other for Kgj(x' ) and then the two pieces a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>