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This report contains a description of two computer codes used for the
calculation of molecular spectra and scattering cross sections for
e-molecule collision process on dipolar molecules in the algebraic-
eikonal approach.

A brief account of the theory on which the codes are based is given
in a paper on the Journal of Physics B: Atomic, Molecular and Optical
Physics 21, (1988) L567.

A bibliography, more extensive than the references, is included in
order to preovide the interested reader with a number of papers of work on

this subject.
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I. VIBA
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1. Introduction

VIBA is a code to calculate the spectrum of diatomic molecules in
the case where the Hamiltonian, which describes the rotation-vibration

states of the molecule, can be expressed as

H = h + g&n + a n,n2 '+ BJ-J + 6D -D (1)

where

csp x5, a=vap x P

o
il

and 7

D = [pT x § + sJf X ﬁ](l).
The four boson creation (annihilation) operators pl(ﬁu) p=0,1+1 and
ST(ﬁ) are introduced in order to realize the algebra associated with

U(4). ho’ e, o, B and 6 are the coefficients which define the

spectrum uniquely.
The eigenvalues problem for the Hamiltonian (1) has a simple

analytical solution Ew or EV I when the two coefficients & and a
b

\J

are equal to 0:
By = h0'+ § w(wt2) + (B-8)I(J+1)
where w is a guantum number labelling the states of 0(4).
Alternatively, defining v = (N - w)/2
Ev,J = h0 + (N2+4N+3)8 - 4(N+2)6(v+1/2)
+ 48(v+1/2)% + (B-8)J(J+1).

Here N is the total number of bosons and v is a vibrational gquantum

number corresponding te the various vibrational bands. Since w = N,

N-2, N-4, "°° ,1 or 0 for N odd or even, v takes the values : v = 0,
1, 2, *°° . J is the total angular momentum of the rotation-vibration
state.
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This situation corresponds to the chain decomposition of the U(4)
Hamiltonian:

U(4) =2 0(4) 2 0(3) = 0(2)

{N] w J m
where the guantum numbers labelling the states are written explicitly

under the respective group structure.

If e # 0 and/or & # 0, the Hamiltonian (1) is diagonalized in
the space of fixed J with the off-diagonal terms given by:

<[N] wJ [| & {] [N} wJ>=v(20+1) (3/4) N for w = 0
= V(2J+1) [(N-1)/2 + J(I+1)(N+2)/2w(wt2)] for w # 0

<[N] w'(= w+2) J || n_ FlINT w T > = -(174) Y/(2J+1) /'

[("+2) (wh+1) (0" -3) (0" -J-1) (V24w Y (N42-0" )/ (w' - 1) (' +1) ] /2

<INT @' (= w-2) J || & || IN] @ J > = -1/4 Y(23+1)/(w'+2)

[(N-0" ) (N#bhn" ) (' +I+2) (0" +T43) (0" -T42) (w' =J+1) / (w' +1) (' +3)] /2

and
<[NJ w' I ] A | (N]wJ>= (23+1) M2
<INFw'" J [ &[] [N] wJ>.
Moreover,
<INJw'J | A ch | INTwJI>= (2741y" /2
<[N] w' J || ﬁ“ . ﬁ“ 1| [N] w T >

Therefore, for each J a square matrix, say Ai,j’ is constructed and
diagonalized numerically. The dimension of the matrix is :

dim ( Ai,j 3 = Intf (N-J)/2 ] + 1
where N is the total number of bosons.

VIBA also calculates the El electromagnetic transition rates

between an initial state, labelled by (#i’Ji) and a final state
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(#f,Jf)
- ~1
Tgy = (23.41) ° [<[N] #. 9. || wp [} [N] #, 7, >|? : (2)
where #k=1,2,... label the 1-st, 2-nd, ... state of given Jk for k=i
or f.

Once the spectrum is calculated, VIBA makes a comparison with a
terms-expansion of the rotation-vibration spectrum of type:

EV,J = Te + we(v+1/2) - wexe(v+1/2)2

+ BeJ(J+1) - ue(v+1/2)J(J+1). (3)

The relations between the coefficients in (1) and those in (3) are
given in Mengoni and Shirai.l)

VIBA has a fitting performance by which some of the coefficients
in (1) can.be fitted in order to better approximate the
terms-expansion of eq. (3). In fact, eq. (3) contains a
rotation-vibration term (the last one) which does not have a direct
analogue in (1). The various coefficients that can be‘fitted are}

1) ¢

2} «o

3) & and o

4) e and o and &

5) €& and o and 6§ and B

6 6

7) B

Finally, VIBA writes the amplitudes of the calculated states

(eigenvectors) on UNIT 10. These amplitudes are used by the code

CROSSA for the calculation of the e-molecule scattering cross section.
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2. Structure of the code

VIBA is a FORTRAN77 code composed of a main program, 11 subroutines
and 6 functions. Except the section of the program which makes the
fitting, VIBA is written in full double precision.

A list of the subprogram names is given in Table 1.

Table 1

MATN
Subroutines : TRAN, PRIEN, ORDER, DTAG, XNP12, GNJJ, RCHSU, FITTA,
carun, vaosal), me11aC")

Functions : D1, XNP1, PMSIGN, WSIXJ, WNINJ, RRAC.

{(*) From Harwell Subroutine Library

We describe here in some details the most important routines of
VIBA.
MAIN : the main program basically controls the I/0 and the calls to
the various sections of the code. The input for VIBA, mainly

read by MAIN, is organized in NAMELIST input variables.

DIAG : is the subroutine which makes the diagonalization of the
Hamiltenian. Once the coefficients of eq. (1)} are read, the
matrix elements A1(I,J) are computed by DIAG. Then a

system-routine, DEIGl, is called. DEIGl is the only external

routine used by VIBA.



PRIEN :

TRAN

FITTA
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DEIG1 diagonalizes a matrix and returns its eigenvalues and
eigenvectors. Of course, DEIG1 can be replaced by any
equivalent routine. One must note that:

- AI(NSD,NSD) is the matrix to be diagonalized.

- REIG(NSD) and CEIG(NSD) are the real and imaginary part of
the eigenvalues respectively (N.B. since Hamiltonian in eq. (1)
is hermitian, it follows that the eigenvélues of A1(I,J) are
real).

- VEIG(X,1), VEIG(K,2), ... are the eigenvectors of Al with

components K=1, 2,

besides to print the molecular spectrum (the first 25 and the
last 25 states if the number of states exceed 100), PRIEN makes
also the comparison of the U(4) calculated spectrum with the
terms-expansion of eq. (3).

A simple statistical analysis is provided by PRIEN which gives

the values of:

a _ b 1/2
( i (B, Ei)z/N )

with a or b taking the values corresponding to the U(4), 0(4)

or terms-expansion energies.

calculates the El1 electromagnetic transition rates of eq. (2).
The reduced matrix elements appearing in eq. (2) are also

printed together with TEl'

: performs the fitting. According to the specifications given

in the input, FITTA minimizes the following squares sum:

172 T [( EiTS-EiU(4) )/JEiTS 12
: _
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where EZS'S dre the energies of the terms-expansion.

The routine used for minimization is the VAOSA of the Harwell
Subroutine Library. The Fortran source is inserted in VIBA so
that no calls to external routines is reguired in this step of

calculation.

3. Input for VIBA

As already mentioned, the input for VIBA is provided by the user
through a set of NAMELIST variables. Table A.1 of appendix A provides
the NAMELIST set used in the test run. The various NAMELIST input

variables are described as follows:

NAME FUNCTION
&INP1 : NBOST Total number of bosons
HO h0 in eq. (1)
EPSI £ in eq. (1)
ALF a in eq. (1)
BET B in eq. (1)
DELT § in eq. (1)
ERES04 Value of the energy to which the 0(4) is to

be scaled

ERESU4 Value of the energy to which the U(4) is to
be scaled
&LPRT : LPLEV =0} printing the final energy spectrum

=1 printing the energy spectrum for each J
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LMATD =1 printing the matrix to invert Ai(i,j)
LVECT =1 printing the eigenvectors for each J
LRESC =0 no rescaling in the spectrum

=1 rescaling to minimum of the O(4) spectrum
=2 rescaling to the value of ERES04/U4

=3 rescaling to the value of h0

=4 rescaling to 0

=5 rescaling to the minimum of the

terms-expansion

LSTATY =1 prints statistics

LouTio =1 writes the eigenvectors on unit 10

LIMAXO Maximum J for out-eigenvectors con unit 10
LPRV1 # in J# to be printed

LPRV2 Number of J to be printed for each #

LDUNH =1 prints the comparison with terms-expansion

=2 calculates the terms-expansion
coefficients (see chapter I for their
definitions) and then prints the comparison
between the U(4) spectrum and the

terms-expansion

&INTR NTRAN Number of transitions to be calculated
DE1 Coefficient p in the dipole operator
JINI(K) K=1, 2,"" ", NTRAN angular momentum of the

initial state
JFIN(K) K=1, 2, ", NTRAN angular momentum of the
final state

NSIP(X) K=1, 2, "7, NTRAN # of the initial state
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NSFP(K) K=1, 2, """, NTRAN # of the final state
&TIDUNH TE Te in eq. (3)

OME w_ in eq. (3)

OMEXE wexe in eq. (3)

BE Be in eq. (3)

ALFE o in eq. (3)
&INFT : HHH,DMAX,ACC, See long~write-up of the VAOSA routine for

MAXFUN, TPRINT definitions. Typical values

in Table 2 for the test run

IFIT =0 no fit

=1 e fit

=2 o fit

=3 ¢ and o fit

=4 £ and o and 6 fit

=5 € and o and 8§ and B fit

=6 § fit

=7 B fit
NLEV1 # din J# of the last level to be fitted
NLEV2 J of the last level of each ## to be fitted

4. Other information on VIBA

The print-out of VIBA should be self-explanatory. The test run for

VIBA is given in appendix A together with its NAMELIST input variable

set.
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The only tape-unit required by VIBA is unit 10 on which VIBA writes
the eigenvectors to be used by CROSSA for scattering cross section
calculation.

The test run of VIBA took 2.94 sec of CPU time on the FACOM M780
computer of the JAERI Computing Center.
The storage used was 1276 Kbytes for the same run.

VIBA is composed of 1758 lines.

_10‘
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IT. CROSSA

_11_
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1. Introduction

CROSSA is a code for the calculation of the e-molecule scattering
cross section. The rotation-vibration spectrum of the diatomic
molecule has to be calculated by VIBA described in I.

The scattering cross section, for vibrationally elastic as well as
for vibrationally inelastic scattering channels, is calculated in the
so-called adiabatic-eikonal approximation. In this approximation, the

differential cross section for channel #i’Ji -> #f,Jf is given by :

dU(#,,J. -> # JJ) 2 m,,m
£’ f f
— (@ =——— & |&a 7 “(@[ (D
4 (2Ji+1) m, ,me
- < - = = - jod i
where J; S my €T, T Sm < Jes g lq] |k0 k| 2k051n(8/2),

with k= k = V(ZueE)ﬁﬁ. E is the incoming electron emergy, u_ the
reduced mass of the e + Molecule system and 8 the scattering angle.

The amplitude Ai f(q) is given by:
-3

m

_ | |
Ai,f(q) =4 k il"f i db b Jlmf_mj[(qb)

Jf Ji
[ 6i,f B % dmf,m['nlz] dm.

1““m[ﬂ/Z]

P(b) - <[NI #, J; [explig(PIT 11 [N] #; J; > ] (2)

f
where Jx(x) is the Bessel function of integer order and b is the

impact parameter. di',m[¢] is the (Wigner) rotation matrix as defined
by Rose.Z)

The long-range dipole interaction is represented by the

potential:
Vd(r) = ag{(r)r - T (3)
where T = uD. 1y is the electric dipole moment and a(r)= - e/(r2+R02),

_12_



JAERI-M 88-228

with the charge of electron e and the dipole cut-off radius Ro'

The function g(b) in eq. (2) is defined as:

8(b) = - u /A% -« [ a(oob/r dz (%)
with r = V(bZ+z2%),

The function P{b) in eq. (2) takes into account the polarization
effects. It is calculated with an iterative procedure (see Bijker and
AmadoS)) starting from a set of phase shifts produced by the
polarization potential:

Vp(r) = - o e? / 2(r* + R;)2 {5)

where o, is the static polarizability and R, is the polarization

1
cut-off factor.

The matrix elements appearing in eq. (2) are given by:

heade #.,J;
<N} # T om | exp[ig(b)T ] L [N] #, I, m>=La a, ‘
C < IN]w I m | exp[ in(b)D_] | [N] w Jym> (6)
with:

<[N] wJ.m | exp[in(b)D_] | [N] w Jom> =

I <w/2 v w/2 m-v |Jf m><w/2 v w/2 m-v [Ji m> exp[in(b)(2v-m)] (7)
\Y]

and
n(b) = u g(b).
The amplitudes of the 0(4) basis states are those calculated by

VIBA and are indicated here by aﬁ’J.

The variocus components are
identified by the label w. Thus, for a given | [N] # J > state it is :

| [Nl #J>= z aﬁ’J | [N] w J> (8)

,13,
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f S Int[(N-1)/2] + 1 values

All the preceding equations have heen written for a general
initial state #i,Ji . In fact it is possible to show that the
differential cross section does not depend on the value of Ji. Using
this result, it is possible to greatly reduce the computing time
assuming Ji = (0. This assumption has been used in writing CROSSA and
some of the equations written above has been consequently modified.

We point out here that the CPU time of a typical run of GROSSA
strongly depends on the technique used for the calculation of the
integral over the impact parameter b in eq. (2). In CROSSA this
integral is calculated with the trapezoidal rule. The use of other
techniques like the Gaussian method, for instance, resulted in a poor
accuracy in the present numerical integration.

Typical values of the b-range and of the number of integration

points are given in table B.1 of appendix B where the input NAMELIST

sets of the test run are given.

2. Structure of the code

CROSSA is.a TORTRAN77 code organized in a main program, 17
subroutines and 19 func£ions. Except the section of the program which
calculates the factor P(b), CROSSA is written in full double
precision.

A list of the subprogram names is given in Table 1.

;14_
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Table 1

MAIN
Subroutines : AFT, PERTMU, RAMPLT, TRANO, WFAC, ALBE1, SPUTAB.

(*)->: AACF, SETUP, NUMINT, INTGRT, MATCH, BSSL, SFRBS2, STRR,

SPRS, SKEY.
Functions : PAR, PAC, XXX, YYY, D1, CGEX, ETA, EFFE, EVODD, DWIG,
PNSIGN, XFATT, €G, RO4SU2, CO4SU2, PLEG, GP, TEIKR,

TEIKI.

(*) From the program AACF: Comp. Phys. Comm. 3 (1972) 173

The routines marked by (¥)-> are part of the program AACF which
calculates the phase-shifts by a spherical potential, modified here
for the calculation of the factor P(b) in eq. (2).

We describe below in some detail [he most important routines of

CROSSA.
MAIN : the main program in CROSSA controls the I/0 and calculates some
of the basic quantities needed for the calculation of the

differential cross section. The various sets of NAMELIST

variables are also read by MAIN.

AFI calcﬁlates the amplitude given by eq. (2). The numerical
integration over the impact parameter b is also performed by
AFI. The Bessel functions of integer order Jx(x) are requested
by AFI. In AFI they are calculated using the external

system-routines DBJO, DBJ1 and DBJR for X=0, 1 and %>1. They

f15_
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can be, of course, replaced by equivalent routines.

ALBE1 : makes a call to the various functions of the AACF package for
the calculations of the phase shifts produced by the
polarizafion potential. It then applies an iterative
procedure which allows the calculation of a twe vectors, ACCAR

and ACCAT, used by SPUTAB for the calculation of the factor

P(b) in eq. (2).
RAMPLI : reads the amplitude of the U(4) states from unit 10

SPUTAB : calculates the factor P(b) of eq. (2) on the basis of the

results of ALBEL.

PAR : calculates the real part of the second term in the integral
of eq. (2).
PAG : calculates the imaginary part of the second term in the

integral of eq. (2).

CGEX : calculates the Clebsch-Gordan coefficients <a bcd | A B >

including the limit of large a ( > 20 ).
ETA : calculates nfb) of eq. (7).

RO4SU2 : calculates the matrix element <[N]wam|exp[in(b)Dz]][N]inm>

(Real part).

CO48U2 : calculates the matrix element <[N]wam|exp[in(b)Dz]I[N]inm>

(Imaginary part).

_16ﬁ
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The input for CROSSA is provided by the following NAMELIST

variables:

&INP1 :

&LPRT

NAME
NBOST
DEC
ROE1
ROPL
ALFAQ
NENER

ELCT

LPLEV

ITHQ

AT.OW
AUP

NSTEP

FUNCTION

Total number of bosons

Coefficient u of the electric dipole operator T
RD cut-off of the dipole interaction potential
R1 cut-off of the polarization potential
Flectric polarizability a

Number of incoming electron energies

Vector containing the NENER values of the

incoming electron energy

Vector containing printing instructions :
LPLEV(1) > 0 : print the values of the
integrals appearing in eq. (2).

LPLEV(Z) > 0 : print the values of the function
to be integrated

LPLEV(3) > 0 : print information on the
calculation of the phase shifts

=1 angular range in input

=2 g range in input

Minimum value of 06 or g

Maximum value of 8 or g

Number of steps in the 8 or g range

,17,
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&ICHAN : NCHAN Number of scattering channels for which the

differential cross section is being calculated

JINT Vector containing NCHAN values of the initial
state angular momentum J. N.B.: it has been
noted in the introduction that Ji=0 is assumed
by CROSSA therefore JINI(K)=0, K=1,;..,NCHAN
must be supplied by the user |

NINI Vector containing NCHAN values of the initial
state quantum number #i

JFIN. Vector containing NCHAN values of the final
state angular momentum Jf

NFIN Vector containing NCHAN values of the final

state quantum number #f

&INTGR : BMIN Minimum value of the impact parameter b in the
numerical integration
BMAX Maximum value of the impact parameter b
BMATCH Intermediate value of the impact parameter

range. The b-range is divided in two

reglons [bmin’bmatch} and [bmatch’bmax]
NPOQINT Total number of integration points
NPB1 Number of integration points in the

[b | region

min’bmatch

_18_
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4. Other information on CROSSA

CROSSA requires the following tape units:
unit 10 : used for reading the eigenvectors calculated by VIBA.
unit 13 : is a working data-set. Tt must be allocated and it
contains data to be used by different sections of CROSSA.
unit 15 : contains the results of the calculation in a format
similar to the computer print-out.
The print-out of GROSSA should be self-explanatory. We need only
to specify here that:
a) The values of g in atomic units are in fact a "rescaled”
value corresponding to & w sin(8/2) - q (&).
b) On unit 15 a third value is given for the differential
cross section corresponding to a "rescaled" (E / ué)-
do/dil quantity.
The test run of CROSSA is given in appendix B. It tock 3 min and
30 sec of CPU time on the FACOM M780 of the JAERI Computing Center.
CROSSA uses 1024 Kbytes of computer storage and is composed of

1768 lines.
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4. Other information on CROSSA

CROSSA requires the following tape units:
unit 10 : used for reading the eigenvectors calculated by VIBA.
unit 13 : is a working data-set. It must be allocated and it
contains data to be used by different sections of CROSSA.
unit 15 : contains the results of the calculation in a format
similar to the computer print-out.
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Appendix A Test Run Input and Output of VIBA

Table A.1 Test Run Input for VIBA.

&INP1 NBOST = 55, .

HO =42841.12 , EPSI=-40.0,ALF = 0.0, BET =-2.597 LDELT =-13.,1%90
&END

ELPRT LMATD=0, LPLEV=0Q, LPRV1=5- LPRVZ=5,

LVECT=0, LRESC=5, LQUT10=0, LJMAXO0=8, LDUNH=1, LSTATY=1, REND
2INTR NTRAN= 5, DE1=1.108.,

JINIC 1) = O, JFINC 1) = 0, NSIP(C 1)=1, NSFP( 1)=1,
JINILC 2) = 1, JFINC 2) = 0, NSIPC 2)=1, NSFP{ 2)=1.
JINIC 3) = 0, JFINC 3) = 0O, NSIPC 3)=2, NSFP({ 3)=1.,
JINIC 43 = 1, JFINC 4> = 0, NSIP( 4)=2, NSFPC( 4)=1,
JINIC 5) = 2, JFINC 5) = 1, NSIPC 53)=2, NSFP( S5)=1,
EEND

ZIDUNH TE=0.0, OME=2990.89, OMEXE=52.472, BE=10.593, ALFE=0.3069-
&INFT IFIT=1, NLEV1= 3, NLEVZ= 8.
HHH=0.50, DMAX=100.0, ACC=0.010, MAXFUN=1000, IPRINT= 0., ZEND

&END
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Test Run Qutput

#x RESULTS

JAERI—M 88-228

¢4 BASIS =x

TOTAL NUMBER OF BOSONS : 55
: 0.42B41D+05

P
(=)

O R e
OO0 [P LS Iy

HO
£PSs1 1-0.40000D+02
ALF T 0.0
JET $-0.25970D+01
DELT :-0.13190D0+02
TOTAL NUMBER OF STATES @ B812
# v J ECD&
1 C ) 0.14823D+04
2 0 1 0.15035D+04
3 3 2 0.15459D+04
4 C 3 0.160%4D+04
5 ¢ & 0.16942D+04
6 c 5 0.18001D+04
7 o 6 0.19272D+04
8 c 7 0.20755D+04
? o 8 C.22450D+04
10 o 9 0.24357D+04
11 0 10 0.26476D+04
12 0 11 C.28806D+04
13 0 12 0.313480+04
14 0 13 0.34103D0+04
15 9] 14 0.37069D+04
1é 0 15 0.402446D+04
17 0 16 0.43636D+04
18 1 ¢ 0.43841D+04
19 1 1 Q.44053D+04
20 1 2 0.44L477D+04
21 1 3 0.45112D+0C4
22 1 4 0.45960D+04
23 1 5 0.47019D+04
24 Q 17 0.47238D+04
25 1 & 0.482900+04
787 20 15 0.42012D+05
788 24 1 0.42023D+05
789 24 2 C.420660+05
790 22 10 0.42112D0+05
791 23 7 0.421200+05
792 24 3 0.42129D+05
793 21 13 0.4218%0+05
794 24 4 0.42214D+05
795 23 g 0.42290D+05
798 24 5 0.42320D0+05
797 22 11 0.42345D+05
798 25 0 0.423710+05
799 25 1 0.42393D0+05
800 25 2 0.42435D0+05
801 24 6 0.424470+05
802 23 9 0.42481D+0C5
8C3 25 3 0.42498D+05
804 25 4 0.42583D+05
805 24 7 0.42595D+05
806 26 0 0.42635D+05
807 2é 1 0.42656D+05
8¢s8 25 5 0.4268%D+05
809 26 2 0.62699D+05

NN HNEe O

(9, I

OWHRPL PFPMNNOWVMWEPRRENONAVHPS DO NV W

E(UL>
0.148230+04
0.15028D+04
0.154370+04
0.146051D0+04
0.16870D+04
0.17894D+C4
0.191220+04
0.20555D+04
0.22192D+04
0.24034D+04
0.26081D+04
0.28333D0+04
0.3078%9D+04
0.33450D+04
0.36315D+04
0.39385D+04
0.42660D+04
C.43838D+04
0.44042D0+04
0.44451D+04
0.45063D+04
0.45880D+04
0.4614640D+04
0.46%201D+04
0.48126D+04
0.414467D+05
0.41471D+05
0.41509D+05
0.41525D+05
C.41531D+05
0.41607D+05
0.41730D+05
0.41736D+05
0.41748D+05
C.41780D+05
0.41845D+05
0.41859D+05
0.41894D+05
0.41948D+05
0.42079D+05
0.42103D+05
0.4214%9D+05
0.42313D+05
.42330D0+05
.42371D+05
.42585D+05
LAL2617D+05
428640405

L]

OO0 OO0
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810 26 3 0.427620+05 2 0.428B85D+0%
811 27 e 0.427930+05 1 0.43175D+05
812 27 1 0.4628B15D+05 0 0.434B8D+05

AVERAGE DEVIATION ¢ 0C&4)--UC4) ) 0.4996522D+03

*xx COMPARISON WITH TERMS EXPANSION =2xx

COEFFICIENTS (CM*xx-1)

TE : 0.0

OME H 0.2990%90+04
OMEXE H 0.524720+02

BE : 0.105930+02

ALFE 0.306%0D+00
# v J ECO4) ECTERMS # J Equs)
1 0 0 0.14823D+04 0.14823D+04 1 0 0.14823D+04
2 0 1 C.15035D0+04 0.15032D0+04 1 1 0.15028D+04
3 Y 2 0.154590+04 0.154500+04 1 2 Q.15437D+04
4 0 3 0.16094D404 0.16076D+04 1 3 0.160510+04
5 0 4 0.16942D+04 0.169110+04 1 4 0.16870D+04
-] 0 5 0.18001D0+04 0.179550+04 1 S 0.17894D+04
18 1 0 0.43841D+04 0.43683D+04 2 0 0.4383BD+04
19 1 1 0.440530+04 0.43885D+04 2 1 C.44042D+04
20 1 2 0.444770+04 0.44291D+04 2 2 0.44451D+04
21 1 3 0.451120+04 0.44LB99D+04 2 3 O0.45063D+04
22 1 4 Q.45960D+04 0.45709D+04 2 4 0.45880D+04
23 1 5 0.470190+0C4 0.467230+04 2 5 0.469010+04
4Q 2 o] 0.71804D+04 0.714930+04 3 0 0.71798D+04
41 2 1 0.720160+04 0.716890+04 3 1 0.72001D+04
42 z 2 0.724400+04 0.72082D+04 3 2 C.724080+04
L 2 3 0.73075D+04 0.72672D+04 3 3 C.73019D+04
46 2 4 0.73923D+04 0.73458D+04 3 & 0.73833D+04
47 2 5 0.749820+04 0.74440D+04 3 > 0.748510+04
68 3 0 0.9B712D+04 0.982530+04 4 Q C.987020+04
69 3 1 0.98B924D+04 0.98444D+04 4 1 0.98905D+04
70 3 2 C.993470+04 0.98824D+04 4 2 C.99310D+04
71 3 3 Q.99983D+04 0.99396D+04 4 3 C.99919D+04
73 3 4 0.1008B3D+05 0.10016D+05 4 4 0.10073D+05
75 3 5 0.10189D+05 0.10111D+C5 4 5 0.10175D+05
29 4 0 0.12456D+405 0.123960+05 S 0 0.12455D+0C5
100 4 1 0.12478D+05 0.12415D+05 3 1 0.12475D+05
101 4 2 0.312520D+05 0.12452D+05 5 2 0.12516D+05
103 4 3 0.12584D+05 0.12507D+05 5 3 0.12576D+05
104 4 4 0.12668D+05 0.12581D0+05 5 &4 0.12657D+05
107 4 5 0.12774D+05 0.12673D+05 5 5 0.12758D+05
133 5 c 0.14936D+05 0.14863D+05 & 0 0.14934D+05
134 3 1 0.14957D+05 0.14880D+05 ) 1 D.14954D+05
136 S 2 0.15000D+05 0.149146D+05 ) 2 0.14995D+05
137 5 3 0.15063D+05 0.14969D+05 & 3 0.15055D+05
138 5 4 0.15148D+05 0.150410+05 6 4 ©.15136D+05
141 5 5 0.15254D+05 0.15130D+05 -] 5 0.152360+05

AVERAGE DEVIATION (

AVERAGE DEVIATION (

O0C4Y--TERMS
U{4)--TERMS

0(&4)-—-TERMS
UC&)-—-TERMS

y ot 0.1467583D+04

y o 0.1022631D0+04
Yy 0.587220604+02
) ok 0.52455500+0¢

,23,

x
x
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STARTING THE FITTING PROCEDURE

INETIAL VALUES = EFS]= -40.00000 ALF= 0.0
IfFIT = 1 EPFSI SEARCH
NLEV1 @ 3 NLEV2 B NSTOT = k3!

xxx END OF THE FITTING PROCEDURE *xx

FINAL VALUES : EPSI= -7B.98755 ALF= 0.0
xx RESULTS 0(&4> BASIS ==
TOTAL NUMBER OF BOSONS : 55
HO > 0.428410+05
EPSI 1-0.789880+02
ALF 1 0.0
BET 1-0.25970D0+01
DELT i-0.131900+02
TQTAL NUMBER OF STATES * 812
# v J E(04) d
i 0 o 0.14823D0+04 o]
2 0 1 0.15035D+04 1
3 Q 2 0.154590+04 2
& Q 3 0.156C094D+04 3
5 0 4 0.169420+04 &
& 0 5 0.18001D+04 3 o
7 0 -] 0.192720+04 & o
8 0 7 0.207550+04 7 G
9 0 8 0.22450D0+04 8 0
iQ 0 g 0.26357D+04 k4 o]
11 Q 10 0.26476D4+04 10 Q
iz 0 11 Q.2BBC6D+04 11 0
i3 0 12 0.3134BD+04 12 0
i4 0 13 Q0.34103D+04 13 0
15 Q 14 0.3706%D+04 14 0
16 ¢ 135 0.40246D404 15 o
17 o 15 0.43436D+04 16 c
18 o1 0 0.43841D0+04 o] o
19 1 1 0.44053D+04 1 o}
20 1 2 C.46477D+04 2 8]
21 1 3 0.45112D+04 3 o]
22 1 4 0.45960D+04 17 0
23 1 5 0.470190+04 & o]
24 0 17 0.47238D+04 5 0
25 i & 0.482900+04 ) o
787 20 15 0.42012D+05 9 0
788 24 i 0.420230+05 0 ol
789 26 2 0.420660+05 2 0
79Q 2d 10 0.421120+05 & Q
791 23 7 0.421200+05 b Q
792 24 3 0.421290+05 8 g
793 21 13 0.42189D+05 1 Q
794 24 &4 0.422140+05 3 0
795 23 -1 0.42290D+05 5 0
796 24 5 0.42320D+05 7 0
797 22 11 0.42345D0+05 0 a
798 25 0 0.42371D+05 2 o}
799 25 1 0.423930+05 & o
800 25 2 0.42435D+05 é 0
301 24 -] 0.42447D405 1 0
802 23 B 0.424810405 3 o}

24 —

i

E(ud)
0.14B23D+04
0.15021D+04
0.154170+04
0.160110+04
0.168020+04
L17792D+04
.189790+04
L.20364D+04
L21947D+04
.237280+04
L257070+04
.278830+04
.302580+04
.328300+04
.35600D+04
.385680+04
L L1734D+04
.43B300+04
LL4LD27D+04
.46420D404
.45011D+04
LLAS097D+04
LL5798D+04
L467B3D406
LLTR6LD+04
.41103D+05
.41200D+05
.41214D+0C5
L4124BD+05
413020403
.413780+405
.41532D+05
415580405
LL1604D+05
416770405
LL1B770+405
LL1BSLD 405
419350405
LA19990+05
622580405
.L2288D+05

BET=

BET=

~2.59700

-2.59700

DELT=

DELT=

-13.1%900

-13.1%900



803
804
805
806
807
808
B8O
a1¢
811
81

HOWNWONE O~ P~

0.42498D+05
0.42583D+05
0.42595D0+05
0.42635D+05
0.42656D+0C5
0.462689D+05
0.426929D+05
0.42762D+05

" 0.42793D+05

0.428B15D+405

AVERAGE DEVIATION ( OC4)--UC(42

JAERI-M 88-228

OrMnNOoOllr oo wm

0.42344D+05
0.42647D+05
0.426660+05
0.427110+05
0.43068D+05
0.43101D+05
0.43493D+05
0.43513D+05
0.43948D+05
0.44405D+05

: C.9704236D4+03

*xx COMPARISON WITH TERMS EXPANSION =xxx

COEFFICIENTS (CMxx-12

TE
OME
OMEXE
BE
ALFE

141

v R PR PRPRPHHWHWBUONOONMNMNRNRODP,P PR R R P00000 0 <

0.0

0.29909D+04
0.52472D+02
0.105%93D0+02
0.30690D+00

MPHMNMPOWVMPEHMPOWARWHNPL,POARPFWNPOWMBWNNPL OWMFWNE QO

ECO4)
0.14823D+04
0.15035D0+04
0.15459D+04
0.16094D+04
C.16%9420+04
0.180010+04
0.438410+0¢4
0.44053D0+04
0.44477D+04
0.45112D+0C4
0.45960D+04
0.47019D+04
0.71804D+04
0.72016D+04
0.724400+04
0.73075D+04
0.73923D+04
0.74982D+04
C.9287120+04
C.98924D+04
0.99347D+404
0.99983D0+04
0.10083D+05
0.10189D+05
0.12456D0+05
0.12478D+05
0.12520D+05
0.12584D+05
0.126680+05
0.12774D+05
0.14936D+05
0.14957D+05
0.15000D+05
0.15063D+05
0.151480+05
0.15254D+05

E(TERMS

0.14B23D+04
0.150320+04
0.15450D+04
0.16076D+04
C.167110+04
0.17955D+04
0.436830+04
0.43885D+04
0.44291D+04
0.44899D+04
0.457090+04
0.467230+04
D.714930+04
0.71689D+04
0.720820+04
0.726720+04
0.73458D+04
0.74440D+04
0.98253D0+04
0.98444D+04
0.98824D+04
0.99396D+04
0.10016D+03
0.10111D+05
0.12396D+05
0.12415D+05
0.12452D+05
0.12507D+05
0.1258104+05
0.12673D+05
0.14863D405
0.1488B0D+05
0.149160D+05
0.14969D+05
0.150410+05
0.15130D+05

_25u

OOV PR PP W WH W W NN R RN R R - e e ek

WP, OUVU AN P, ORI OOWVMEAEWNNEL, OV WRN PP, OV S WNES O C

ECU4)
C.14B23D+04
0.150210+04
0.154170+04
0.16011D+04
0.168020+04
0.17792D+04
0.438300+04
0.44027D0+04
0.46420D+04
0.453011D+04
C.45798D+04
0.46783D+04
0.71780D+04
Q0.719750+04
0.72367D+04
0.729540+04
0.73737D+04
0.74716D+04
0.98673D+04
0.988670+04
0.992560+04
0.99840D+04
0.10062D+05
0.1015%D+05
0.126451D+C%
0.1247CD+0C5
0.12509D+05
0.12567D+05
0.12644D+05
0.12741D+05
0.14929D+05
0.149480+05
0.149840+05
0.15044D+05
0.151200+05
0.152160+05



AVERAGE DEVIATION

AVERAGE DEVIATION

FINAL STATE

J # ENERGY

¢ 1 0.14823D+04
FINAL STATE

J ENERGY

G 1 0,14823D+04
FINAL STATE

J R ENERGY

C 1 0.14823D0+04
0 1 0.148230+04
FINAL STATE

J # ENERGY

0 1 0.148230+04
0 1 0.148B23D+04
FINAL STATE

J # ENERGY
11 0.15021D+04
i 1 0.150210+04

(

(
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0(4)-~TERMS
UCs)--TERMS

D(4)--TERMS
UC4)--TERMS

INITIAL STATE

J # ENERGY

C 1 0.14823D+04
INITIAL STATE

g # ENERGY
11 0.15021D+04
INITIAL STATE
Jd# ENERGY

0 1 0.,14823D+04
0 2 0.43830D+04
INITIAL STATE

J # ENERGY

1 1 0.15021D+04
1 2 0.44027D+04
INITIAL STATE

J # ENERGY

2 1 0.154170+04
2 2 0D.44420D+04

,26*

0.148758B3D+04
C.6761316D+03

C.5872206D+02 =
0.4485390D+02 =

E1-PROBABILITY

0.12277D+01

E1-PROBABILITY

0.128260+04

E1-PROBABILITY

0.12277D+01
C.26657D0-31

E1-PROBABILITY

0.12826D+04
0.52235D-02

E1-PROBABILITY

0.15377D0+04
0.60397D0-02

0.11080D+01

-0.62031D+02

0.11080C+01
-0.163270~-15

-0.62031D0+02
0.12518D0+0¢C

0.87683D+02
0.173780+00
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Appendix B Test Run Input and Output of CROSSA

Table B.1 Test Run Input for CROSSA.

&INP1 NBOST = 55, RCE1=0.350, DEC=1,108, ALFA0=2.59, ROPL=0.4B0.
NENER= 5, ELCT(12=1.0,ELCT(2)=2.0,ELCT(3)= 3.0,
ELCT(4)=4.0,ELCT(3)=5.0, ZEND

SLPRT LPLEV(1>=0, LPLEV(2)=0, LPLEV(3)=0.,

ITHR=1, ALOW=10.0, AUP=180.00, NSTEP=17, &END

LICHAN NCHAN= 3.,

JINIC1) = 0, NINIC1)=1, JFINC(1) =0, NFINC(1)=1.,
JINECZ2) = 0, NINIC(2)=1, JFINC(2) = 1, NFIN(2)=1.,
JINIC(3) = 0, NINI(3)=1, JFINL3) = 2, NFIN(3)=1,
ZEND

EINTGR BMIN=0.01, BMATCH=5.01, BMAX=1005.01.
NPOINT=1251, NPB1=251, &END
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Test Run Output

xxx [ RO S S A -~ 0C4) BASIS STATES =x=x
ZONSTANTS ¢

ZLECTRIC DIPOLE MOMENT DEC
SLECTRON ENERGY

WAVE NUMBER

R0 (DIPOLED

R0 (POLARIZATION)
POLARIZABILITY (ALFAQC?
NUMBER OF BOSCONS

£.11080D0+01 (D>
1.000 (EV)
0.51232D+00 (Axx=-1)
0.50000D+00 (A2
0.68000D+00 (A
0.259000+01 (Axx3)
55

oW e o onownnn

< (W)1- 11 DCLY I €120+ > 0.55984D+02
tPSI0 0.30397D-01
IMIN 0.01
3MATCH 5.01
3IMAX 1005.01
INTEGRATION POINTS IN BMIN->BMATCH @ 251
TOTAL # OF INTEGRATION POINTS ¢ 1251

CALCULATION FOR CHANNEL = 1

JI= 0¢ 1) =--=-> JF= 0QC 1)

ANGLE Q@ (Axx-1) @ (A.U.) X-SECTION (CMxx2)
10.0 0.0893 c.15290 0.226050-14
20.0 0.1779 C.3028 0.1698%90-14
3C0.0 0.2652 0.4513 0.1211%9D-14
40.0 0.3504 C.5963 0.79468D-15
50.0 C.4330 C.7368 0.4615%D~15
60.0 0.5123 0.8718 0.22334D-15
70.0 0.5877 1.0000 0.80210D-14
80.0 0.658¢6 1.1207 0.21562D-16
90.0 0.7245 1.2328 0.29070D-16

100.¢ 0.784% 1.3356 0.80901D-16

110.0 0.8393 1.4282 0.15548D-15

120.0 0.8874 1.509¢9 C.23462D0-15

130.0 0.9286 1.5802 C.305640-15

140.0 0.9628 1.6384 C.36190D-15

150.0 0.9897 1.6841 0.40190D-15

160.0 1.0091 1.7170 C.427320-15

170.0 1.0207 1.7369 0.464099D-15

180.0 1.0246 1.76435 0.44525D-15

CALCULATION FCR CHANNEL : 2

JI= 0C 1) =-=--> JF= 1C 1)

ANGLE a CAxx-1) @ CA.U.Y X-SECTION (CMxx2)
10.0 ~  0.0893 0.1520 0.56233D-14
20.0 0.1779 0.3028 0.14960D-14
30.0 0.2652 0.4513 C.60130D-15
0.0 0.35064 0.5943 0.28793D-15
50.0 0.4330 0.7368 0.18638D0~15
60.0 0.5123 0.8718 0,132780-15
70.0 0.5877 1.0000 0.972910-16
80.0 0.6586 1.1207 0D.77394D-16
90.0 0.7245 1.2328 0.605550-16
100.0 0.7849 1.335¢ 0.50291D-16

_28_

X-SECTION C(A.U.D

0.80777D+02
0.60711D0+02
0.43307D+02
0.28398D+02
0.164950+02
0.79808D+01
0.28663D+01
0.77051D+00
0.10388D+01
0.28909b+01
0.55559Db+01
G.83841D+01
0.10922D+02
0.12932D+02
0.14362D0+02
0.15270D+02
C.15758D+02
0.15911D+02

X-SECTION (A.U.D

0.15380D+03
0.53458D+02
C.21487D+02
0.1028%D+02
0.66601D+01
0.47449D+01
0.347467D+01
0.27656D+01
0.21639D+01
0.179710+Q1



110.0
12C.0
130.0
140.0
15C.0
14C.0
17¢.0
180.0

0.8393
0.8874
0.9286
0.9628
0.9897
1.0091
1.0207
1.0246

1.4282
1.5099
1.5802
1.6384
1.6841
1.7170
1.73469
1.743%

CALCULATION FOR CHANNEL = 3

JI=

ANGLE
10.0
20.0
30.0C
40.0
50.0
0.0
70.0
80.0
20.0

100.0

116.0

120.0

130.¢

140.0

150.0

160.0C

170.0

180.¢C

XX

CONST

0C 1) —-=->
Q@ (Axx-1)
C.0893
0.1779
C.2652
C.3504
£.4330
C.5123
0.5877
0.6586
0.7245
0.784¢9
0.8393
0.8874
0.928¢
C.9628
C.9897
1.00%1
1.0207
1.0246

CROS S A

ANTS :

JF= 2( 12
Q CA.U.Y
0.1520
0.3C28
0.4513
0.5%53
0.7368
0.8718
1.0c00
1.1207
1.2328
1.3356
1.4282
1.509¢9
1.58¢c2
1.6384
1.6841
1.7170
1.7349
1.7435

JAERI-M 88-228

0.34757D-14
0.30987D-16
0.29100D-14
0.239790-16
0.23480D-16
0.24030D-18
0.22782D-14
0.235610-16

X-SECTION (CM=xx2)

0.19629D-146
0.12071D-16
0.875660-17
0.692950-17
0.58317D-17
0.51500D-17
0.47212D0-17
0.44459D-17
C.42590D-17
C.41187D-17
0.40006D0-17
0.38931D~17
0.379330-17
0.37038D-17
0.362800-17
0.35704D-17
0.35349D-17
0.352280-17

0¢4) BASIS STATES *xx

(D)

ELECTRIC DIPOLE MOMENT DEC
ELECTRON ENERGY

WAVE NUMBER
RO (DIPQLED

RO (POLARIZATION)
FOLARIZABILITY C(ALFAQ)
NUMBER OF BOSONS

I DC1Y 11 €1Y0+ >

< (1)1-
EPSIO
SMIN
BMATCH
BMAX

INTEGRATION POINTS IN BMIN->8BMATCH
TOTAL # OF INTEGRATION PCINTS

| T T I (£ 1 N [ T | O I | I ||

CALCYULATION FOR CHANNEL : 1

0.110800+01
2.000
C.72452D+00
0.50000D+400
0.68000D+00C
0.259000+01
55
0.55984D+0C2
0.214%94D-01
0.01
5.01
1005.01

X-SECTICN

251
1251

(EV)
(Axx-1)
(A)

CA)
(Ax=x3)

(CMxx2)

JI= 0C 13 ---> JUF= 0C( 13
ANGLE Q@ (Axx-1) Q@ (AU
10.0 0.1283 0.1520
20.0 0.2516 0.3028
30.0 0.3750 0.4513

0.23779D~14
0.18377D-14
0.14064D-14

,29,

0.131350+01
0.11073D+01
0.10399D+01
0.8568%90+00
0.839040+00
0.85872D+00
0.81411D+00
0.84193D+00

X-SECTICN C(A.U.)

0.70144D+00
0.43136D+00
0.31291D+00
C.247620+00
0.20839D0+00
0.18403D+00
C.16871D+00
0.15887D+00
0.15219D+00
0.24718D+00
0.14296D+00
0.139120+00
0.13555D+00
0.13235D+00
£.12%964D+00
C.12759D+00
0.12632D+00
C.12588D+00

X-SECTION
0.84975D+02
0.65669D+02
0.5025%0+02

(A UL



40.0
50.0
60.0
70.0
80.0
90.0
100.0
110.0
120.0
130.0
146.0
15¢.0
1460.0
170.0
180.0

0.4956
0.6124
0.7245
0.8311
0.9314
1.0246
1.1100
1.1870
1.2549
1.3133
1.3617
1.3997
1.427Q
1.4435
1.44%90

0.5963
0.7368
0.8718
1.0000
1.1207
1.2328
1.3356
1.4282
1.5099
1.580¢2
1.6384
1.6841
1.7170
1.7369
1.7435

CALCULATION FOR CHANNEL @ 2

JI=

ANGLE
10.¢
20.0
30.0
40.0
50.0
60.0
70.0
80.0
90.0

100.0

110.0

120.0

130.0

140.0

150.0

160.0

170.0

180.0

ocC 13

Q@ {Ax*x-1)
0.1263
0.2516
0.3750
0.4956
0.56124
0.7245
0.8311
0.9314
1.024¢8
1.1100
1.1870
1.2549
1.3133
1.32617
1.3997
1.4270
1.4435
1.4490

-——

JF=

Q@

1¢ 13

(A.U.)
0.152¢0
0.3028
0.4513
0.5963
0.7368
0.8718
1.0000
1.1207
1.2328
1.33546
1.4282
1.5099
1.5802
1.6384
1.6841
1.7170
1.7369
1.7435

CALCULATION FOR CHANNEL @ 3

JI=

ANGLE
10.0
2¢.0
30.0
4C.0
5¢.0
6C.0
7C.0
8c.o0
9C.0

10C.0

11¢.0
12C.0

130.0

140.0

15¢.0

oC 13

Q (Ax=x-1)
0.1263
c.2516
£.3750
0.4956
0.6124
0.7245
0.8311
0.9314
1.0246
1.1100
1.187¢
1.2549
1.3133
1.3617
1.3997

———>

JF=

Q

2¢ 1

(A.U.D
0.1520
0.3028
0.4513
0.5963
0.73468
0.8718
1.0000
1.1207
1.2328
1.3356
1.4282
1.5099
1.5802
1.6384
1.6841

JAERI-M 88-228

¢.10328D-14
0.70161D-15
C.418030-15
0.200446D-15
0.717%99D-16
0.46692D-16
0.119%910-15
0.26419D-15
0.439970-15
C.61008D-15
0.75033D-15
0.85177D-15
0.916420-15
0.951070-15
0.961820~153

X=-SECTION (CM=xxZ2)

0.25340D-14
0.58105D-15
0.21650D-15
0.10156D-15
0.58005D-156
0.399770-16
0.30145D-16
0.23828D-146
0.18127D-1¢
C.12428D-16
C.738462D-17
C.37367D-17
¢.15891D0-17
0.14160D0-17
0.20346D-17
0.29931D-17
c.41022D0-17
G.46%79D-17

X=-SECTION ({Mx=x2D

0.71380D-17
0.41099D~17
0.28871D-17
0.2278%9D-17
0.19722D0-17
0.18433D-17
0.18264D-17
0.18762D0-17
0.19565D~17
0.203890-17
¢.21039D-17
£.21427D-17
¢.21553D-17
0.21481D-17
$.21301D-17

_30_

0.34908D+02
0.25072D+02
0.14938D+02
0.71434D+01
0.256570+01
0.166850+01
0.428490+01
0.94409D+01
0.157220+02
0.21801D0+02
0.26813D+02
0.30437D+02
0.32748D+0C2
0.33986D+02
0.343700D+02

X-~SECTION
0.90552D+02
C.20764D+02
0.77366D+01
0.36290D0+01
0.20728D+01
0.14286D+01
0.10772D0+01
0.85147D+C0
0.64774D+00
0.444090+00
0.263940+C0
0.13353D+0C0
0.567840-01
0.506000-01
0.72707D-01
0.10694D+C0
0.14659D+00
0.16788D+0C0

X-SECTIAON (A.U.)D

0.25507D+00
C.14686D0+00
0.10317D+00
0.81436D-01
C.70475D-01
£.65868D-01
C.&65266D-01
0.8670440-01
C.499150-01
0.728590-01
0.75183D-01
0.76569D~01
0.77019D0-01
0.767600-01
0.761180-01



60.0 1.4270
170.0 1.4435
180.0 1.44%0

1.7170
1.736%
1.7435

JAERI-M 88-228

0.211030-17
0.20956D-17
0.20%020-17

0.75411D-01
0.74884D-01
0.74691D-01

*xx C R O S S A - (&) BASIS STATES =xx

CONSTANTS @

ELECTRIC DIPOLE MOMENT DEC = 0.11080D+01 (D)

ELECTRON ENERGY = 3.000 (EV?

WAVE NUMBER = 0.88736D+400 (Axx-1)

RC (DIPOLED = 0.50000D+C0 (A

RO (POLARIZATIOND = 0.6B000D+00 (A

POLARIZABILITY (ALFAQ) = 0.25900D+01 (Axx3)

NUMBER COF BOSONS = 55

< (131- 11 BC1» 11 (1204 > = 0.55984D+02

EPSIO = 0.17550D0-01

BMIN = 0.01

BMATCH = 5.01

BMAX = 1005.01

INTEGRATION POINTS IN BMIN->BMATCH 251

TOTAL # OF INTEGRATION POINTS v1251

CALCULATION FOR CHANNEL @ 1
JI= 0C 1) --=-> JF= 0( 1)

ANGLE Q (Axx-1) Q (A.U.D X-SECTION (CMxx2) X-SECTION (A.U.)
0.0 C.1547 0.1520 0.27815D-14 0.99394D+02
20.0 c.3082 0.3028 0.21111D-14 C.75440D+02
30.0 C.4593 0.4513 0.15426D-14 0.551230+02
40.0 0.6070 0.5963 0.105830-14 0.378180+02
50.0 €.7500 0.7368 0.67285D-15 0.24044D+02
60.0 0.8874 0.8718 0.39140D-15 0.13986D0+02
70.0 1.0179 1.0000 0.20416D-15 0.72954D+01
80.0 1.1408 1.1207 0.99950D-16 0.35717D+01
20.0 1.2549 1.2328 0.74028D-16 0.26454D+01

10¢.0 1.3595 1.335¢6 0.12204D-15 0.43612D0+01

110.¢C 1.4538 1.4282 0.23044D~15 0.82348D+01

120.0 1.5369 1.509¢9 0.37445D-15 0.13381D+02

130.¢ 1.6084 1.5802 0.52509D-15 0.18764D+02

140.0 1.6677 1.6384 0.6586%D-15 0.23538D+02

150.0 1.7142 1.6841 0.76221D0-15 0.27237D+402

160.0 1.7478 1.7170 0.83249D-15 0.29749D+02

170.0 1.7680 1.7369 0.87214D-15 0.31166D0+02

180.0 1.7747 1.7435 0.884830-15 0.31619D+02

CALCULATION FOR CHANNEL : 2
JI= 00 1) =-=> JF= 1( 1)

ANGLE QA (Axx-1) @ (A.UL) X-SECTION (CMx=%2) X-SECTION (A.U.D
1.0 0.1547 €.15290 0.20556D~14 0.73455D+02
20.0 0.3082 ©.3028 0.34737D-15 0.12413D+02
30.0 0.4593 C.4513 0.12037D-15 0.430130+01
40.0 0.6070 0.5963 0.40007D-16 0.14296D0+01
50.0 0.7500 0.7368 0.21178D~16 0.756800+00
60.0 0.8874 0.8718 0.15654D-15 0.559400+C0Q
70.0 1.0179 1.0000 0.14378D-16 0.513800+0C0
80.0 1.1408 1.1207 0.13837D-16 0.49446D+00

fgl_f



0.0 1.2549
100.0 1.3595
110.0 1.4538
12C.0 1.53679
130.0 1.6084
140.0 1.6677
150.0 1.7142
160.0 1.7478
170.0 1.7680
180.0 1.7747

1.2328
1.335¢6
l1.4282
1.5099
1.5802
1.46384
1.6841
1.7170
1.7369
1.7435

CALCULATION FQOR CHANNEL : 3

JI= 0¢ 1) ———
ANGLE Q@ (Axx-12
10.0 0.1547
20.0 0.3082
30.0 0.4593
4Q.0 0.6070
50.0 0.7500
0.0 0.8874
70.0 1.017%
80.0 1.1408
0.0 1.254%
100.0Q 1.3595
110.0 1.4538
12¢.0 1.5369
130.0 1.6084
140.0 1.868677
150.0 1.7142
160.0 1.7478
170.0 1.7680
180.0 1.7747
*xxx (C R 0O S § A

CONSTANTS :

ELECTRIC DIPOLE MOMENT DEC

ELECTRON ENERGY

WAVE NUMBER
RC (DIPDLE)

JF=  2C 13

? (AU
¢.1520
G.3028
0.4513
C.5963
0.7348
0.58718
1.0000
1.1207
1.2328
1.3356
1.464282
1.509¢%9
1.5802
1.6384
1.46841
1.7170
1.7369
1.7435

0¢4d

X-SECTION

JAERI-M B8—-228

0.12351D-16
0.985070-17
0.631750-17
0.335180-17
0.133950-17
0.34833D0~18
0.569310-18
0.13094D-17
0.1966460-17
0.21952D-17

0.319890-17
0.167150-17
0.11064D-17
0.B4761D-18
0.73675D0-18
0.716260-18
0.7562%D-18
0.8B35080-18
0.932710-18
0.103070-17
0.11138D-17
0.11732D0-17
0.12074D-17
0.12206D0-17
0.12202D0-17
0.12137D0~17
0.12073D0-17
0.12047D-17

BASIS STATES xxx

(CMxx2)}

0.110800+01

4.000
0.10246D+401
0.50000D+00

(D)
CEV)
(Axx-1)
(AD

0.44136D+00
0.35201D+00
0.22575D+00
0.119780+00
0.47866D~-01
0.12447D-01
0.20344D-01
0.46791D-01
0.70275D-01
0.78444D-01

X-SECTION
0.114310+00C

'0.59730D-01

0.39536D~-01
0.30289D-01
0.263280-01
0.25595D0-01
0.270260-01
0.29841D0-01
0.333300-01
C.368310-01
0.398010-01
0.41924D-01
0.43147D0-01
0.43618D-01
C.43603D-01
0.43372D-01
0.43141D0-01
0.430469D-01

C.&6800CD+0C (A)
0.25900D0+01 (Axx3)
55

RC (POLARIZATION)
POLARIZABILITY C(ALFAQ)D
NUMBER OF BOSONS

T I | O T | T - S | B | B |

< (131- 11 PC1Y 11 CL)0+ > 0.55984D+02
EPSI1O0 0.151980-01
BMIN g.o01
BMATCH 5.01
BMAX 1005.01

INTEGRATION POINTS IN BMIN->BMATCH : 251

TOTAL # QF INTEGRATIQON POINTS 1251
CALCULATION FOR CHANNEL : 1
Ji1= 0¢C 1) =---> JF= 0C 1)
ANGLE Q C(Axx-1} a (A.U.D X-SECTION (CMxx2) X-SECTION (A, U.)
10.0 0.1786 0.1520 0.25060D0~-14 0.89550D+02

_32_



20.0
30.0
L0.0
50.0
60.0
70.0
80.C
0.0
100.90
210.0
120.0
13C.0
14G.0
150.0
160.0
170.0
180.0

0.355¢9
0.5304
0.7009
0.8661
1.0246
1.1754
1.3172
1.4490
1.5698
1.6787
1.7747
1.8573
1.9257
1.9794
2.0181
2.0415
2.0493

0.3028
0.4513
0.5963
0.7368
0.8718
1.00C0
1.1207
1.2328
1.335¢6
1.4282
1.509¢9
1.3802
1.6384
1.6841
1.7170
1.7369
1.7435

CALCULATION FOR CHANNEL : 2

J1=

ANGLE
10.0
20.0
30.0
40.0
$Q.0
0.0
70.0
80.0
920.0

100.0

110.0

120.0

13¢c.0

140.0

150.0

160.0C

170.0

180.0

a¢ 1y --->

Q@ (Asx-13
C.1784
0.355¢9
0.5304
0.7009
0.8661
1.0246
1.1754
1.3172
1.4490
1.5698
1.6787
1.7747
1.8573
1.9257
1.9794
2.0181
2.0415
2.0493

JF=  1¢ 13

@ (A .U
0.1520
0.3028
0.4513
0.5963
0.7368
C.8718
1.0000
1.1207
1.2328
1.335¢
1.4282
1.5099
1.5802
1.6384
1.6841
1.7170
1.7369
1.7435

CALCULATICN FOR CHANNEL : 3

JIi=

ANGLE
10.0
20.0
30.0
40.0
5¢0.0
6C.0
70.0
8C.0
$0.0

160.0

110.0

120.0

130.0

0C 1) =-=-=>

Q (Axx-1}
0.1786
0.3559
0.5304
0.7009
0.8661
1.02456
1.1754
1.3172
1.44%0
1.5698
1.6787
1.7747
1.85732

JF= 20 1)

Q (A.U.D
0.1520
0.3028
0.4513
0.5963
0.7368
0.8718
1.0000
1.1207
1.2328
1.3356
1.4282
1.5099
1.58¢02

X-SECTION

X-SECTIDN

JAERI-M BE-228

0.190300~14
0.141340-14
0.10024D-14
0.67239D~-15
0.42200D0-15
0.24263D0-15
0.13050D0-15
0.88884D-16
0.11745D-15
0.20313D-15
0.32138D-15
0.44517D-15
0.55388D~15
0.63704D-15
0.69282D0-15
0.72399D-15
0.73391D0-15

0.15430D-14
0.25054D-15
0.74476D-16
C.21443D-156
0.10703D-146
0.95591D~-17
0.12798D-16
0.14056D-146
0.14201D-16
0.12484D-16
0.80992D-17
0.49775D-17
G.28740D-17
0.177000-17
0.15563D0-17
0.190980-17
0.22898D-17
0.24373D-17

0.16974D-17
0.80851D-18
0.50172D-18
C.36255D-18
c.30088D-18
0.29003D-18
0.31926D-18
0.37927D-18
0.456%91D~18
0.53636D-18
0.560390D~18
0.65186D-18
0.67956D-18

_33_

(CMxx2)

(CMxx2)

0.680040+02
0.50506D+02
0.35822D+02
0.24028D+02
0.15080D+02
0.86703D+01
0.46634D+01
0.317462D0+01
0.419720+01
C.725880+01
0.11484D+C2
0.15908D+02
0.19793D0+02
0.22764D+02
0.24758D+02
0.25871D+02
0.26226D+02

X-SECTION
0.55139D+02
C.89529D+01
0.26614D+01
0.764626D+00
0.38246D+00C
0.34159D+00
0.45734D+00
0.50229D+00
0.50747D+00
0.44611D+00C
0.28%42D0+00
0.17787D+0¢
0.10270D+00
0.63252D-01
0.55614D-01
0.682446D-01
0.818260-01
0.87097D-01

X-SECTION
C.60657D0-01
0.28892D0-01
0.17929D-01
0.12956D-01
0.107520-01
0.103640-01
0.11409D-01
0.135530-01
0.163270~01
0.19167D-01
0.215800-01
0.23294D-01
0.24284D0-01



JAFERI-M 88-22Z8

140.0 1.9257 1.6384 0.6%09%9D-18 0.24692D-01
150.¢ 1.9794 1.6841 0.69212D0-18 0.24733D-01
16C.0 2.0181 1.7170 0.68B8B61D-18 0.24607D-01
17C.0 2.0415 1.73469 C.68480D0-18 0.24471D-01
180.0 2.0493 1.7435 G.58324D-18 0.24415D-01
*xx C R O S S A - 0(4) BASIS STATES =xx

CONSTANTS :

ELECTRIC DIPDLE MOMENT DEC
ELECTRON ENERGY

WAVE NUMBER

RO (DIPOLE)

RO (POLARIZATION)
POLARIZABILITY CALFAQD
NUMBER OF BDSONS

0.11080D0+01 (D
5.000 (EV)
0.11456D+401 (Axx-1)
0.50000D+00 (A
0.68B000D+00 (A
0.25900D+01 (Axx3)
55

LI | | | T T 1O A [ I 1 I 1

< (1¥1- 1) DC1Y BE 130+ > 0.55984D+02
EPSIC 0.13594D0-01
BMIN c.01
SMATCH 5.01
BMAX 1005.01
INTEGRATION POINTS IN BMIN->BMATCH 251
TOTAL # OF INTEGRATION POINTS ¢ 1251

CALCULATION FOR CHANNEL & 1

J1=

ANGLE
10.0C
20.0C
30.0
40.0
50.0
60.0
70.C
80.0
90.0

100.0

110.0

120.0

130.0

140.0

150.0

160.0

170.0

180.0

0ocC 13 —-——>

Q@ (Axx-12
0.1997
0.3979
0.593C
0.7836
0.94683
1.145%
1.3141
1.4727
1.6201
1.7551
1.8768
1.9842
2.07485
2.1530
2.2131
2.2563
2.2824
2.2911

JF=

@

o¢ 1)

(A.U.D
0.152¢
C.3028
C.4513
0.5963
0.7368
C.8718
1.0000
1.1207
1.2328
1.3356
1.4282
1.3099
1.5802
1.6384%
1.6841
1.7170
1.7369
1.7435

CALCULATION FOR CHANNEL @ 2

JI=

ANGLE
1¢.0
20.0
30.0
40.0
5¢.0
6C.0

0C 1) ~==>
Q {Axx-1)
0.1997
0.3979
G.5930
0.7836
0.9683
1.1456

JF=

Q

1¢ 13

(AU
0.1520
¢.3028
0.4513
C.5963
C.7368
0.8718

X-SECTION {(CM=x2)

0.2325%9D-14
0.17422D-14
£.12897D-14
0.92172D-15
0.4630110-15
0.40955D-15
0.25079D-15
0.14822D-15
0.10247D-15
0.112960-15
0.17016D-15
0.25552D-15
0.34797D-15
0.43088D-1%
0.4952%D0-15
0.53%01D-15
0.56367D-15
0.57155D-15

X-SECTION (CMx=x2)

0.103810-14
0.21729D-15
0.532%98D-15%
0.14676D-16
0.65134D-17
0.85241D-17

_34_

X-SECTION
C.83116D+02
0.462258D+02
C.46086D+02
0.32937D+02
0.22517D+02
C.148635D+02
0.89618D+01
0.52%68D0+01
0.36618D+01
0.40365D+01
0.60805D+01
0.913090+01
0.12435D+02
0.15397D+02
0.17699D+02
0.192610+02
0.201420+02
0.204240+02

X-SECTIGCN
0.37097D+02
0.7764%9D+01
0.19C46D+01
0.52445D+00
0.23275D+00C
0.30460D+00C

(A U2

(AU



70.0

80.0

90.0
100.0
110.0
120.0
130.0
140.0
150.0
160.0
170.0
180.0

1.3141
1.4727
1.6201
1.7551
1.8768
1.9842
2.0765
2.1530
2.2131
2.2563
2.2824
2.2%911

1.0000
1.1207
1.2328
1.335¢6
1.4282
1.509%9
1.380¢2
1.6384
1.6841
1.7170
1.7369
1.7435

CALCULATION FOR CHANNEL : 3

JI=

ANGLE
10.0
20.0
30.0
4£C.0
50.0
&60.0

70.0

80.0C

g0.0
100.0
110.0
120.0C
130.0
140.0
150.0
160.0
170.0
180.0

0C 1)y ===>

@ (A=xx~1)
0.1997
0.3979
0.5930
0.7836
0.9483
1.1456
1.3141
1.4727
1.6201
1.7551
1.8768
1.9842
2.0765
2.1530
2.2131
2.2563
2.2824
2.2911

JE= 20 1)

Q@ (A U
0.1520
¢.3028
0.4513
0.5963
0.7368
0.8718
1.0C00
1.1207
1.2328
1.3336
1.4282
1.509¢%
1.5802
1.6384
1.6841
1.7170
1.736%9
1.7435
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0.12818D-16
C.14177D-16
0.146970-16
0.11332D-16
0.87524D-17
0.59148D-17
0.43228D-17
0.32582D0-17
0.29023D-17
C.27904D~17
0.28377D-17
¢.28271D0~-17

X-SECTION (CMxx2)

0.102250-17
0.45722D0-18
0.275070-18
C.189970-18
0.144651D-18
0.133200-18
0.14867D-18
0.18872D-18
0.24294D~18
0.298300-18
0.344860-18
0.37823D-18
0.39874D-18
0.409200-18
0.413040-18
0.41342D-18
0.41269D-18
0.412290-18

_35ﬁ

0.45805D+00
0.50661D+00
0.52518D+00
0.40494D+00
0.31276D+00
0.21136D+0C
0.15447D+00
0.11643D+0C
0.10371D+00C
0.99714D-01
0.10141D+00C
0.10102D0+0C

X-SECTION C(A.U.)

0.34538D-01
0.163380-01
0.982940-02
0.67887D-02
0.52354D-02
0.47600D-02
0.531250-0C2
0.674400-02
0.868120-02
0.106590-01
0.123230-01
0.135146D-01
0.14249D-01
0.146230-01
0.147600-01
0.14773D~01
0.14747D-01
0.14733D-01
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