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In the actual evaluation of the absorption cross section, the normalized F-C factors

are used insteads of the actual F-C factors for the convinience.
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Let’s estimate the number of states that must be included in the sum of SOS
method so that we can realize how the method becomes intractable in polyatomic
molecules. In a case of single mode, k, the Hamiltonian for the initial electronic

state, H;' and the final electronic state ka can be written
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For convenience we transform to dimensionless normal coordinates, defining
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Py = ( oy Jue (10)
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Then we can rewrite the dimensionless hamiltonian as the followings



H;;=1'§2(P%+Qi) (13)

A =22 (A + (%-A)%) 45, (14

The energy spread of the initial state is then,
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Taking an average w=1200 cm™! and a net A?=8, (AE) = (3000)%/2. If we assume
the energy spread as Gaussian with AE equal to the standard deviation, then
( B~ Emax ) 2
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Here, Ep. is approximately the classical enery relative to the excited state surface

o, (E) = ezp| —

equilibrium: Ep, = E.q = (w?/2)A% = 7200 cm™ and o, falls to 1 % of its max-
imum value at approximately 6300 cm™! from E ... The density of the states at

Enax is given by

N+n-1)!
p(E)=((N—-+1)!(n))!

where N is the number of vibrational degree of freedom and n is the number of

(17)

quanta available for distribution. Assume that we have 33 vibrational modes and
consider that E_,, = 7200 cm™' is 6 quanta. Then p(E)=38!/32!6!=2.8 x 108

states. The total number of states under the energy envelop is given by

G = _(M (18)

(N)(n)
Assume that 11 quanta are avaiable at E = 2(6300) cm™ !, the high energy tail of
the spectrum. Then the total number of the states to be evaluated becomes

441/33!11! = 0.8 x 10® states which is not tractable number to evaluate the sum.



III. T-D Method

Suppose harmonic electronic potentials in a vibrational coordinate as shown in

Fig 3.

Fig. 3.  Cross section of a ground and an excited harmonic potential surface.
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The wave packet |¢;> in the ground vibrational state of the ground electronic
states is excited to some vibrational states of the excited electronic states at time
0, |¢(0)> as a result of the vertical transition, and begins move in a classical-like
way. Emission at some later time will show resonance enhancement of the scatterin
into those modes along which the packet moved, for example |¢,>. These are the

processes for the absorption and resonance Raman scattering.

The wave packet of the excited electronic potential, |¢(t)> will travel the
potential minimum back and forth, and this will cause the oscillation of the Frank-

Condon overlap integral with time. This is shown in Fig. 4.



Fig. 4.  Qualitative diagram showing propagation of |¢(t)> on the excited poten-

tial surface of a symmetric triatomic molecule.

Fig. 4 shows a sequence of steps in the evolution of ¢(t) on a typical XY, potential
surface. In the (a) the wave packet of the ground potential is overlap with the
excited wave packet in the circled region at time 0. At a sequence of time t, this
wave packet will move outside of the F-C region but toward the saddle points (b),

slightly pass the saddle points (c), move back toward the region where the max-



- imum F-C overlap is (d and e), and start all again in (f). This oscillation of the F-C
overlap in a time domain and its Fourier transform which represents the vibrational

progression of the absorption spectrum are shown in Fig. 5(a) and (b), respectively.
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Fig. 5. (a) Showing the time dependence of |<¢|p(t)>| for the situation shown in
Fig. 4. (b) The Fourier transform of (a).

The transformation of the absorption cross section into the time domain

proceeds as follows:
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Here, X, is the nuclear wave function of the ground electronic potential and |¢> is
defined
| ¢>=ps | xi> (20)
where uy; is the transition dipole operator. In the first step of eq. (19), we have
replaced <x,|¢;> by a Fourier transform. In the second step, the w, has replaced
by the excited potential surface Hamiltonian H,, (This is the identical with H,/ in
eq. (9) or (14) in one dimension.) according to the following relation
<xXn|exp(—twat)=<xu|exp(—iH,t/F)" (21)
In the third step, we define |¢(t)> to be the wave propagator exp(-iH,,t/#) operat-
ing on the stationary wave |¢(i)>.
| ¢(t)>=exp(—iH,t/F)| o> (22)
Here, <¢;|¢;(t)> may be interpreted as the auto-correlation function of a wave

packet.

A derivation of the raman cross section from the Kramers-Heisenberg-Dirac
(KHD) formular to the time domain is strikingly similar but involves the half
(rather than full) Fourier transform and the overlap with the final state |¢,>

(rather than |¢ ;>).
(a)y=2 [<dr| & (t)>exp(iv —T)t]a (23)
0

Equation (19) and (20) can be exactely solved for harmonic potentials. For
the case of no frequency changes or Duschinsky rotation, the multidimensional

expressions of eq. (19) and (20) become

+ o0
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where s,=A,2/2 and “1” is the Raman active mode.

IV. COMPUTATION AND COMPARISIONS

SOS program (named as FCVIB) computes the absorption spectrum for the

selected methods : with vibrational frequency changes with without temperature

and without the vibrational changés with without temperature. Program sums all

the possible excited vibrational combinational modes (phonons) and stops when the

absolute value of the F-C factor drops below a chosen cutoff. Combinational mode

beyond 6 vibrations are not included, since F-C factor becomes very small. T-D pro-

gram (named as FCTIME) computes the absorption spectrum and resonance

Raman profile of a selected vibrational mode together with F-C overlaps for absorp-

tion and Raman. List of the programs are in the Appendix A.

Typical input formats are as follows,

3
526.
895,
950.
989.

1067.
1293.
1379.
1422.
1640.
250.
44940.
L,

526.
895.
950.
989.
1067.
1293.
1379.
l422.
1640.
250.
44940.

9

0.70
0.38
0.30
0.22
0.55
0.75
0.28
0.46
1.35
1.0
42000.

0.70
0.38
0.30
0.22
0.55
0.75
0.28
0.46
1.35
1.0
42000.

500

/* icont, nmode, ndat
- /* we(i),DELTA(i), i=1,nmode

100. /* GAMMA, SDELT, TEMP

52000. 1.5 /* E(0-0) ,Emin,Emin, Edipole
/* ivib

500 /* icont, nmode, nphon, ndat

0.938 /* we(i),DELTA(i),R(i), i=1,nmode

1.570

1.011

1.224

1.023

1.035

1.059

0.979

1.979

100 /* GAMMA, SDELT, TEMP

52000. L /* E(0-0) ,Emin,Emin,Edipole
/* ivib



The calculated absorption spectrum using the above inputs are in Fig. 6. Figure 6
shows very good agreement between SOS(dashed) and TD(solid) methods. Small
differences at the higher energy tail is due to the truncated values in the SOS calcu-

lation. Some additional types of the outputs are in the Appendix B.
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PROGRAM :: FCTIME )
This is a program for doing multidimensional vibronic analysis
in the time dependent picture developed by Eric Hellor.

acnoaoaaaoaaq

Qaaa

aaan

Qaa

aaa

For details, see internal report or see me.
Written by C.S. YOO on Jan. 13 1989.

implicit real*8 (a-h,o-z)

dimension wwn(50) ,delt(50),w(2000) ,sigma(2000),ram(2000),
t (2000) ,fovlp(2000) ,sn(50) ,wn(50) ,rovlp(2000)

complex fpi,fovlp,ftin,sum,sigma,rovlp

initial data
ninp=5
noutl=1
nout2=2
nout3=3
nout4=4
tmax=1.0
tmin=-1.0
tdum=1.00d-4
constl=4.23d-5
const2=1.32d-28
inputing data (Be careful :: Unit for edip Angstrom)
if (ninp .ne. 5) open (ninp, file=’in’,status=’'o0ld’)
read (ninp, *) icont, nmode, ndat
read(ninp, *) (wwn(i) ,delt(i),i=1,nmode)
read(ninp, *) gamma,sdelt
read(ninp, *) ezero,emin,emax,edip
if (icont .ne. 1) read (ninp,*) ivib
if (ninp .ne. 5) close(ninp)
allocate the arrays
do 100 i=1,ndat
w(1)=emin+i*( (emax-emin)/ndat)
100 continue
do 200 i=1,2000
t(i)=tmin+i*((tmax-tmin)/2000.)
200 continue
do 300 i=1,nmode
sn(i)=0.0
wn(i)=0.0
300 continue
do 400 i=1,nmode
delta=delt (i) *sdelt
sn(i)=delta*delta*0.5
wn(i)=wwn(i)
400 continue
-Determine the regions for the Fourier Transform
itdum=0
do 60 i =1,2000
fpi=(1.0,0.0)
do 50 k=1,nmode
fpi=fpi*exp(-sn(k)+sn(k) *exp((0.0,-1.0)*wn(k)*t(i)))
50 continue
fovlp(i)=fpi
ttest=abs (fovlp (i) *exp(-gamma*abs (t(i))))
if (ttest .gt. tdum) itdum=i
60 continue

tmax=t (itdum)



70

naoaaq

500

600

aoaa

800

900

aaoaa

99

1400

1500

naoaaan

tmin=-tmax

write (6,*) itdum,t(itdum),tmin,tmax
do 70 i=1,2000

t (i)=tmin+i* ( (tmax-tmin)/2000.)
continue

calculate the overlap integral of the absorption with damping
factor gamma by a time dependent method.

if (icont .eq. 2) goto 99

if (noutl .ne. 6) open (noutl,file=’alp.dat’, status=’'new’)
do 600 i=1,2000

fpi=(1.0,0.0)

do 500 k=1,nmode

fpi=Ffpi*exp (-sn(k)+sn(k)*exp((0.0,=1.0)*wn(k)*t(i)))
continue

fovlp(i)=fpi

afct=abs (fovlp (i) *exp (-gamma*abs(t(1))))
write(noutl,9000)t(1i) ,afct

continue

if (noutl .ne. 6) close(noutl)

calculate the absorption cross section in A**2/molecules

if (nout2 .ne. 6) open (nout2,file=’abs.dat’, status='new’)
do 900 1l=1,ndat

emv=w(l)-ezero

sum=(0.0,0.0)

do 800 i=1,2000

ftin=fovlp(i) *exp (-gamma*abs (t(i)))*exp((0.0,1.0)*emv*t(i))
sum=sum+ftin

continue

sigma(l)=w(1l) *sum*constl*edip*edip

asig=abs (sigma(l))

write(nout2,9100) w(l),asig

continue

if (nout2 .ne. 6) close(nout2)

calculate the overlap integral for the resonance raman
by time dependent picture

if (icont .eq. 1) goto 999

if (nout3 .ne. 6) open (nout3,file=’rlp.dat’,status='new’)

do 1500 i=1,2000 :

t(i)=i*tmax/2000.

fpi=(1.0,0.0)

do 1400 k=1,nmode

fpi=fpi*exp (-sn(k)+sn (k) *exp((0.0,-1.0)*wn(k)*t(i)))

continue

rovlp(i)=£fpi*sqrt(abs(sn(ivib)))
*(exp((0.0,-1.0)*wn(ivib)*t(i))=-1.)

arov=abs (rovlp(i))

write(nout3,9000)t (i) ,arov

continue

if (nout3 .ne. 6) close(nout3)

calculate cross section for the resonance raman spectrum
in A**2/molecules

if (nout4 .ne. 6) open(nout4,file='ram.dat’, status='new’)
do 1900 1=1,ndat

emv=w(l)-ezero

sum=(0.0,0.0)

do 1800 i=1,2000

ftin=rovlp(i)*exp((0.0,1.0)*emv*t(i)) *exp(-gamma*t(i))
sum=sum+ftin



ana

1800

1900

999

9000
9100

continue
ram(l)=(abs(sum)) **2*w(1) *((w(1l)-wn(ivib) ) **3) *const2* (edip**4)
write(nout4,9100) w(l),ram(1l)

continue

if (nout4 .ne. 6) close(noutd)

format and finish
continue

format (2x,f13.8,5x%x,f13.8)
format (2x,el3.8,5x,el3.8)

stop
end
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120

140

MAIN :: FCVIB

This is a program for multidimensional vibronic analysis.
For details, see the internal report or see me (C.S. Y0O).
(Written by C.S. YOO on JAN. 16 1989)

implicit real*8 (a-h,o-z)

dimension wg(20),we(20),r(20),delt(20),delta(20),nf(20),ni(20)
dimension a(20,20,20),ffcsq(20,20,20),sig(10,500) ,ne(20)
dimension w(500),g(5000) ,sigma(1500)

inputing the data

const=1.0
epsil=3.12d4-2
nflim=10
condum=1.48d-2

read(5,*) icont,nmode,nphon,ndat

if (icont .lt. 0 .or. icont .gt. 1) goto 888

if (nphon .gt. 5) nphon=5

if (icont .eq. 0) read(5,*) (we(i),delt(i),i=1,nmode)

if (icont .eq. 1) read(5,*) (we(i),delt(i),r(i),i=1,nmode)
read(5,*) gamma, sdelta, temp

read (5, *) ezero,emin, emax,edip

read(5,*) ivib

if (ivib .gt. nmode) goto 888

const=condum*edip*edip

initializing the w(i) with ndat

do 100 i=1,ndat
step=(emax-emin) /ndat
w(i)=step*i+emin
continue

evaluate the frequency and displacement of n modes

do 120 i=1,nmode
if(icont .eq. 0) r(i)=1.0
wg(i)=we(i)*r(i)
delta(i)=sdelta*delt(i)
continue

determine the # of 1li> states and 1f> states for n modes

do 140 k=1, nmode
ne(k)=int ( (emax-ezero) /we (k)+0.5)
if (ne(k) .gt. nflim) ne(k)=nflim
ni(k)=int (1.601*temp/wg(K)+0.5)
continue

Finding the values for the normalized F-C for l-dimension

do 230 k=1,nmcde
nlim=0.0
do 220 j=0,ni(k)
do 220 i=0,ne(k)
ffcsq(k,j,i)=1.0
if(icont .eq. 0) call super(i,j,delta(k),fcint)
if(icont .eq. 1) call fcsq(i,j,r(k),delta(k),fcint)
ffesq(k,j,i)=fcint
a(k{jri)=ffcsq(].{rjri) L.
write(6,66) k,j,i,a(k,3,1)
if (a(k,j,i) .ge. epsil) nff=i
if (a(k,j,i) .1lt. epsil) goto 220
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220

230

10
65
66

90

200

300

400

500

if (nff .gt. nlim) nlim=nff
continue
nf (k)=nlim

continue

for testing

do 10 k=1,nmode

do 10 j=0,ni(k)

do 10 i=0,nf (k)

write(6,66) k,j,i, ffesq(k,j, i)
continue

format (1lx, e13.8,5x,e13.8)

format (1x, i3,3x,i3,3x%,1i3,3x, el3.8)

0-mode phonons

do 90 1=1,ndat

fcno=1.0*gamma/3.14159
fcde=(ezero-w(l)) * (ezero-w(1l) ) +gamma*gamma
fct=fcno/fcde

sig(0,1)=w(1l) *fct*const*edip*edip
continue

1-mode phonon

do 500 1=1,ndat
sssum=0.0

do 400 k=1, nmode

ssum=0.0

do 300 j=0,ni(k)

sum=0.0

do 200 i=0,nf(k)

if (i .eq. j .and. 1 .eq. 0) goto 200
fecno=ffesq(k,j, 1) *gamma/3.14159
wwe=1i*we (k) +ezero

wwg=] *wg (k)
bolt=exp(~-1.*wwg/(0.69526*temp) )

fcde= (wwe=-wwg=w(1l)) * (wwe-wwg-w (1) ) +tgamma*gamma

fct=fcno*bolt/fcde
sum=sum+fct

continue

ssum=ssum+sum

continue

SSsum=ssSsum+ssum

continue

g(l)=sssum
sig(1,1)=w(1l) *g(1l) *const*edip*edip
continue

if (nphon .eq. 1) goto 9900

2-mode combinational phonons

do 1000 1=1,ndat
sssum=0.0
do 900 k2=1,nmode
ssum=0. 0
do 800 j2=0,ni(k2)
sum=0.0
do 750 i2=0,nf(k2)
if (i2 .eq. j2 .and. i2 .eq. 0) goto 750
do 700 kl=1,nmode
if (k1 .le. k2) goto 700
do 600 jl1=0,ni(k1)
do 600 11=0,nf(k1)
- if (il .eqg. jl1 .and. il .eq. 0) goto 600



c 8888
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600
700
750
800

900

1000

1500

1600
1650
1700
1800

1900

2000

fcno=ffcsq(k2,j2,12) *£fcsq(kl,jl,1il) *gamma,/3.14159
dele=ezero+(il*we(kl)-jl*wg(kl))+(i2*we(k2)-j2*wg(k2))
wwg=7 1*wg (k1) +j2*wg (k2)
bolt=exp(-1.*wwg/ (0.69526*temp))
fcde=(dele-w(1l)) * (dele-w (1)) +tgamma*gamma
fct=fcno*bolt/fcde
sum=sum+fct
if (1 .eq. 1) write(6,8888) k2,j2,i2,k1,3j1,11,
* ffcsq(k2,j2,12), ffesg(ki,jl,il),fcno
format(2x,2(3(i2,1x),2x),3(£13.8,2X))
continue
continue
continue
Ssum=ssum+sum
continue
SSsSum=sssSum+ssum
continue
g(l)=sssum
sig(2,1)=w(1l)*g(l)*const
continue
if (nphon .eq. 2) goto 9900

3-mode combinational phonons

do 2000 1=1,ndat
sssum=0.0
do 1900 k3=1,nmode
ssun=0.0
do 1800 j3=0,ni(k3)
sun=0.0
do 1800 i3=0,nf (k3)
if (i3 .eq. j3 .and. i3 .eq. 0) goto 1800
do 1700 k2=1,rmode
if (k2 .le. k3) goto 1700
do 1650 j2=0,ni(k2)
do 1650 1i2=0,nf (k2)
if (i2 .eq. j2 .and. i2 .eqg. 0) goto 1650
do 1600 kl=1,nmode
if (k1 .le. k2 ) goto 1600
do 1500 jl1=0,ni(kl)
do 1500 i1=0,nf(k1)
if (i1 .eq. jl .and. il .eq. 0) goto 1500
fcno=ffcsq(k3,j3,13) *ffcsq(k2,32,1i2) *£fcsqg(kl, j1,11)
fcno=fcno*gamma/3.14159
dele=ezero+(il*we (k1) -jl*wg(kl))+(i2*we(k2)-j2*wg(k2))
+ (i3*we (k3)-j3*wg(k3))
wwg=]j 1*wg (k1) +j2*wg (k2)+]i3*wg(k3)
bolt=exp(~-1.*wwg/(0.69526*temp) )
fcde=(dele-w(l)) *(dele-w(1l) ) +tgamma*gamma
fct=fcno*bolt/fcde
sum=sumtfct
continue
continue
-continue
continue
ssum=ssum+sum
continue
SSsSum=sssumt+ssum
continue
g(l)=sssum
sig(3,1)=w(1l) *g(1l) *const
continue
if (nphon .eq. 3) goto 9900

4-mode combinational phonons



Qan

2100
2200
2300
2400
2500
2600
2700

2800

2900

3000

do
do
do
do
do

do
do

do

do
do

do

do
do

3000 1=1,ndat
sssum=0.0

2900 k4=1,nmode
ssum=0.0

2800 Jj4=0,ni(k4)
sum=0.0

2700 14=0,nf(k4)

if (i4 .eqg. j4 .and. i4 .eq. 0) goto 2700

2600 Kk3=1,nmode

if (k3 .le. k4) goto 2600

2500 33=0,ni(k3)

2500 13=0,nf(k3)

if (i3 .eq. j3 .and. i3 .eq.0) goto 2500

2400 k2=1,nmode

if (k2 .le. k3 ) goto 2400

2300 j2=0,ni(k2)

2300 1i2=0,nf(k2)

if (i2 .eq. j2 .and. i2 .eq. 0) goto 2300

2200 kl=1,nmode

if (k1 .le. k2 ) goto 2200

2100 j1=0,ni (k1)

2100 i1=0,nf (k1)

if (i1 .eq.jl .and. il .eq. 0) goto 2100 .

fcno=ffcsq(k4,j4,i4) *ffcsq(k3,33,13) *ffesq(k2,]2,12)

*ffcsq(kl,jl,1il)

fcno=fcno*gamma/3.14159

dele=ezero+(il*we (k1) -jl*wg(kl))+(i2*we(k2)-j2*wg(k2))
+(i3*we (k3)-]3*wg (k3) )+ (i4*we (k4) -j4*wg(k4))

wwg=j1*wg (k1) +j2*wg(k2)+j3*wg(k3)+j4*wg(k4)

bolt=exp(-1.*wwg/ (0.69526*temp) )

fcde=(dele-w(1l)) * (dele-w(1l) ) +tgamma*gamma

fct=fcno*bolt/fcde

sum=sum+t+fct

continue
continue
continue
continue
continue
continue
continue

sSsum=ssum+sum

continue

sSssum=sssumt+ssum

continue

g(1l)=sssum
sig(4,1)=w(1l)*g(1l) *const

continue

if

(nphon .eq. 4) goto 9900

5-mode combinational band

do
do
do
do
do

do
do

do

4500 1=1,ndat

sssum=0.0

4400 k5=1,nmode

ssum=0.0

4300 j5=0,ni (k5)

sum=0.0

4200 i5=0,nf (k5)

if (i5 .eq. j5 .and. i5 .eq. 0) goto 4200
4100 k4=1,nmode

if (k4 .le. k5) goto 4100

4000 j4=0,ni (k4)

4000 14=0,nf (k4)

if (i4 .eq. j4 .and. i4 .eq. 0) goto 4000
3900 k3=1,nmode

if (k3 .le. k4) goto 3900



do 3800 j3=0,ni (k3)

do 3800 1i3=0,nf(k3)
if (i3 .eq. j3 .and. i3 .eq. 0) goto 3800

do 3700 k2=1,nmode
if (k2 .le. k3) goto 3700

do 3600 j2=0,ni(k2)

do 3600 i2=0,nf (k2)
if (i2 .eq. j2 .and. i2 .eq. 0) goto 3600

do 3500 kl=1,nmode
if (k1 .le. k2) goto 3500

do 3400 j1=0,ni (k1)

do 3400 il1=0,nf (k1)
if (i1 .eq. jl1 .and. il .eq. 0) goto 3400
fcno=ffcsq(kS,35,15) *£fesq(k4,j4,14) *£fesq(k3,j3,13) *

* ffcsq(k2,3j2,12) *ffesq(kl, j1,1i1)
feno=fcno*gamma,/3.14159
dele=ezero+(il*we(kl)-jl*wg(kl))+(i2*we(k2)-j2*wg(k2))+(13*
* we (k3) -j3*wg (k3) )+ (id*we (k4)-j4*wg (k4) )+ (i5*we (k5) =] 5*wg (k5) )

wwg=Jjl*wg (k1) +j2*wg (k2)+j3*wg(k3)+j4*wg (kd)+j5*wg (Kk5)
bolt=exp(-1l. *wwg/(0.69526*temp))
fcde=(dele-w(1l)) *(dele-w (1) ) +gamma*gamma
fct=fcno*bolt/fcde

sum=sum+fct
3400 continue
3500 continue
3600 continue
3700 continue
3800 continue
3900 continue
4000 continue
4100 continue
4200 continue
Ssum=ssumt+sum
4300 continue
SSSum=sSsSsum+ssum
4400 continue

g(l)=sssum

sig(4,1)=w(1l) *g(l) *const
4500 continue

if (nphon .eqg. 5) goto 9900

writing the output file

9900 do 9000 i=0,nphon
do 9000 3j=1,ndat
write(6,9990)w(j),sig(i,])
9000 continue

aoaoaaanaan

9900 do 9200 i=1,ndat
sum=0.0
do 9100 j=0,nphon
sum=sum+sig(j, i)
9100 continue
sigma(i)=sum
write(6,9990) w(i),sigma(i)
9200 continue

Qaa

finishing
9990 format (2x,el3.8,5x,e13.8)
goto 9999
888 write(6,*) ‘ERROR IN INPUT’
9999 stop
end



function mfact (m)
implicit real*8 (a-h, o-2)

if (m .1lt. 0) stop
mfact=1
if (m .eq. 0)goto 9000
do 100 i=1,m
mfact=mfact*i

100 continue

9000 return
end

function herm(k,x)

implicit real *8 (a-h,o0-2)
complex hex(50),x ,herm

do 2 i=1,50
hex(i)=0.0
2 continue

if (k.gt. 50) goto 9990
if(k .gt. 12) goto 1200
goto(100,200,300,400,500,600,700,800,900,1000,1100,1200,1300)

* s (k+1)
100 herm=1.
goto 9999
200 herm=2. *x
goto 9999
300 herm=4. *x**2-2,
goto 9999
400 herm=8. *x**3-12.%x
goto 9999
500 herm=16. *x**4-48, *x**2+12,
goto 9999
600 herm=32.*X**%5-160.*x**3+120.%*X
' goto 9999
700 herm=64.#*x**6-480.*X*#4+720.%x**2-120.
goto 9999
800 herm=128. *#x**7=-1344 ,*x**5+3360. *x**3-1680.*X
goto 9999
900 herm=256.*x**8=3584 ., *X**6+13440.*x**4-13440.*x**2+1680.
goto 9999
1000 herm=512.*x**9-0216.*%xX**7+48384 ,*x**5-80640.*x**3+30240.%*%
goto 9999
1100 herm=1024.*x**10-23040.*x**8+161280.*x**6-403200.*xX**4+
* 302400, *x**2-30240.
goto 9999

1200 herm=2048.*x**11-56320,*x**9+506880.*x**7-1774080.*xX**5+
* 2217600, *xX**3-665280. %X ‘



aaoaaqa

1300

9990
9999

10

if (k .eq. 11) goto 9999
hex(1ll)=herm

herm=4096.*x**12-135168,*x**10+1520640. *Xx**8~7096320. *x**6+
13305600, *x**4-7983360.*x**2+665280.

if (k .eq. 12) goto 9999

hex (12)=herm

do 1 i=13, k
hex(i)=2.*x*hex(i-1)=-2.*(i-1) *hex (i-2)
herm=hex (i)

continue

goto 9999

write(6,*) /TO0 BIG HERMITE POLYNOMINAL'’
return
end

subroutine super (m,n,dd, ff)
implicit real*8 (a-h,o-2)

mfa=mfact (m)
ss=dd*dd/2.
ff=(ss**m) *exp(-ss) /mfa
ff=(ss**nm) /mfa
return
end

subroutine fcsq (m,n,rr,dd, £ff)
implicit real*8 (a-h,o-2)

complex herm,xmm,xnn, zy,2x, fm0, £0n, fmk0, fOnk, fmn

evaluate the FC(0-0)

f00=(2./sqrt(1l.4rr) ) *(rr*0.25) *exp(-dd*dd/ (2*(1.+rr}))
££00=£00*£00
if (m .eq. 0 .and. n .eq. 0) goto 900

select the sign
If rr=0.0, super has to be used. However, a small change for
rr is made here.

if (rr .eq. 1.0) rr=0.99

zx=(1.0,0.0)
zy=(0.0,1.0)
if (rr .1t. 1.0) goto 2
if (rr .gt. 1.0) goto 1

if (m .eq. 0 .and. n .ne. 0) goto 10
if (m .ne. 0 .and. n .ne. 0) goto 20

mfa=mfact (m)
xmm=-=1. *zx* (sqrt (rr/ (rr*rr-1.) ) *dd)
xmme=-1, *zx* (sqrt(rr/ (2.* (rr*rr-1.))) *dd)
fmo=(£00/sqgrt (2.**m*mfa) ) * (zx*sqrt( (rr-1.)/(rr+l.)))**m
*herm (m, xmm)
goto 920

nfa=mfact (n)
xnn=dd/ (zy*sqrt (rr*rr-1.))



20

100

ccc

30

40

fon=(£00/sqgrt(2.**n*nfa) ) *(zy*sqrt((rr-1.)/(l.+rr)) ) **n
*herm(n,xnn)
goto 9240

kmin=n

if (m .lt. kmin) kmin=m

mfa=mfact (m)

nfa=mfact (n)

xmm=-1.*zX* (sqrt (rr/ (rr*rr-1.)) *dd)
xmm=-1.*2x* (sqrt (rr/(2.* (rr*rr*-1.))) *dd)

xnn=dd/ (zy*sqrt (rr*rr-1.))

frin=0.0

do 100 k=0,kmin
mkfa=mfact (m-k)
nkfa=mfact (n-k)
kfa=mfact (k)

frkO=(£f00/sqrt (2. ** (m-k) *mkfa) ) * (zx* (sgrt ((rr-1.)/(rr+l.))))

*% (m-k) *herm( (m-K) , xam)

fonk=(£00/sqgrt (2. ** (n-k) *nkfa) ) * (zy* (sqrt((rr-1.)/(rr+l.))))

%% (n-k) *herm( (n-k) , xnn)
cfmn=((2.*rr**0.5) /(1.+rr)) **k*
(((mfa*nfa)/(mkfa*nkfa))**0.5) /kfa
fan=fmn+cfmn*fmk0*fonk
continue
ff=abs (fmn/f00) **2
goto 9999

if (m .eq. 0 .and. n .ne. 0) goto 30
if (m .ne. 0 .and. n .ne. 0) goto 40

mfa=mfact (m)
xmm=-1.%* (sqrt(rr)/(zy*sqrt(l.-rr*rr)) *dd)
xmm=-1.*((sqgrt(rr/2.)/(zy*sqrt(l.-rr*rr)))*dd)
fm0=(£00/sqrt (2.**m*mfa) ) * (zy*sqgqrt((l.-rr)/(rr+l.)) ) **m
*herm (m,xmm)
goto 920

nfa=mfact (n)

xnn=dd/ (zx*sqrt(1l.-rr*rr))

fon=(£00/sqrt(2.**n*nfa) ) * (zx*sqrt((l.-rr)/(1l.+rr)) ) **n
*herm(n, xnn)

goto 940

kmin=n

if (m .1lt. kmin) kmin=m
mfa=mfact (m)
nfa=mfact(n)

. xam==1%* (sqrt(rr)/(zy*sqrt(l.-rr*rr))*dd)

xmm=-1% (sqrt(rr/2.)/(zy*sqrt(l.-rr*rr))) *dd

‘xnn=dd/(zx*sqrt(l.-rr*rr))

fmn=0.0

do 200 k=0,kmin
mkfa=mfact (m-k)
nkfa=mfact (n-k)
kfa=mfact (k)

fmkO=(£00/sqrt (2. ** (m-Kk) *mkfa) ) * (zy* (sqrt ((1.-rr)/(rr+l.))))

** (m-K) * herm((m-k) ,xmm)

fOnk=(£00/sqrt (2.** (n-k) *nkfa) ) * (z2x* (sqrt ((1.-rr)/(rr+l.))))

** (n-k) * herm((n-k),xnn)
cfmn=((2.%(rr**0.5))/(1l.4rr) ) **k*

(((mfa*nfa)/ (mkfa*nkfa))**0.5) /kfa
fmn=fmn+cfmn*fmk0*fOnk



200

900

920

940

9999

continue
ff=abs (fmn/£00) **2
goto 9999

f£=££00
fe=ff/ff

goto 9999
ff=abs (fmQ) **2
ff=££/££00
goto 9999
ff=abs(£0n) **2
ff=£f£/££00
goto 9999

continue
return
end
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