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1. General Description of CHUCKS3

The program CHUCKS calculates nuclear reaction cross sections by numerically solving an appropriate
set of coupled equations. This treatment differs from that of the distorted wave Born approximation (DWBA)
program DWUCK4 which solves the scattering problem to first order only in the interaction potential. The
solution to the set of coupled equations, however, solves the problem to all orders in the interaction potential.
However, the program CHUCKS3 can be run with a one way coupling from the initial state channels to the
final state channels (no back coupling) to give the same result as the the DWBA program DWUCK4. An
effort has been made in this program to keep the input data for CHUCKS in a form as similar as feasible
to the DWBA code DWUCKA4. It i1s recommended that refernce be made to the DWUCKA4 instructions for
details (e.g. the form factor, non-locality correction, etc.) which are only sketched in this description.

The are necessary differences between the two programs in the mode of running the coupled channels
program. The principal one is that, since the coupled channels program 18 necessarily non-linear in the
interaction potentials, it is mandatory to include the exact coupling strengths and angular momentum
dependences explicitly in the input parameters instead of scaling the final output as is done in the DWBA
programs. Hence, the output of CHUCK3 will be absolutely normalized in terms of the model used to
describe the reaction.

The wave function for a channel ¢ is expanded in a representation which couples the orbital angular
momentum of the relative motion [, to the intrinsic spin of the projectile s. to give je. Then, j. is coupled to
the target spin I, to give a total angular momentum J and projection M. The wave function for all channels
is
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The channel index ¢ denotes the quantum numbers (I, s, jo, Ic) plus any other quantities needed to com-
pletely define the channel. The function ®7 is the intrinsic wave function for the target and Vi, is the
coupling of the relative angular momentum and projectile intrinsic spin function. The X;CJIC(/CC; rec) are the
radial wave functions for the relative motion in the channel ¢ and is the generalization of the distorted radial

wave functions in DWUCK4. The coupled equations for the radial functions are

L.+ 1 2y,
[— — (—) + (kz - Ucc)X}']Clc(kc; rc) = Z h_ZVCC’X}]C/lC/ (kc’i rc’)' (12)
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The diagonal term U.. 1s the usual distorting potential

2y,
Uee = h_z(vcc'l'vc) (13)
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where 7. 1s the reduced mass for the channel ¢, V.. may be an optical potential and V. is a Coulomb potential.

The off diagonal couplings V.o are

Vccl = Z j(lc ScMe Vc|jcﬂc)(lc’ Set Mgt Vc’|jc’ ﬂc’)
MMy Vel o MM (14)
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where J is the usual Jacobian of transformation to relative coordinates. It is convenient to expand the

matrix element in (4) into tensorial components

<ilCYlTC¢§Cq)§CMC|V|ilCIYln,w gllq)ﬁllM /> :Z(IC’ch’ M, — MC’|ICMC)(505VCVC’ — ve|se Ver)
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where m = M, - M., —v.+ v.s and gf;].' can be obtained by inverting the above expression and can be
expressed as a sum of products of form factors fi,; which can be calculated as an option in the program and
strengths Bis; which must be supplied as input.

The form factors fi;; calculated in CHUCK3 assume the zero range approximation as in DWUCKA4.
With this assumption the distorted waves and the form factors depend upon only a single coordinate r.»

which differs from r. or r. only by a scaling factor. The coupling matrix element is then

l/ —lc
Vcc’(rc’):Z(_l)J dor= IITI l c]c’]sc’j (l 100”0’0) (]c c.]c’[c’ J.])
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where we use the notation k& = v/2k + 1.
The coupled equations for the channels are solved for the channel radial wave functions X]JCIC(/CC; re)

satisfying the boundary conditions X]JC,C(/C; 0) = 0 at the origin and for large 7. (where Vi, can be neglected),

. [V,
X;Clc(kci rc) . ewl“[Flciéccl 610101 6jcjcl + 1Tch1H+(k )i (1~7)

Here, I (k.r re) 1s the Coulomb function regular at the origin and H+( erey = G (k ere) + iFy, (kcrc) is the
outgoing Coulomb wave, T7 . is the outgoing wave amplitude and o7 is the Coulomb phase shift. The label
¢; refers to the initial (or elastic) channel. If we define the scattering amplitude as
2i(o),—o7) l 11
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(1.8)

then the resulting cross section 1s
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(one card)
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NCHAN
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CARD SET 4

{one card)

BR
tRMAX

ICON{12) ALPHA
FORMAT (1211,8X,15A4)

FUNCTION

Read additional cards for this run,
Call EXIT, do not read in additionzl cards.
Not used,
Rot used.
Hot used,
Write scattering amplitudes onto scratch file "TAPE4A" for
external use. .
Print out elastic T matrix elements (s 3 =L+2£'th )
Print ocut all T matrix elements. €% coco
Print ¢ut scattering amplitudes, D,
Suppress plot of cross-sections,
Plots differential cross-sections with N-decade log scaie.
Uses relativistic kinematics.
Prints out diagonal k c(fe) of channel functions
where kZ = kz Yee 2 2 .cc'
Prints out off-diagonal kg :(r )= - E?'fcaj'

Arny 60 character identification starting in columm 21,

THETAN, THETAl, DTHEYA
FORMAT (3F8.4)

Ko. of angles at which to calculate angular distributionsa,
First angle,
Angle increment,

LMAX NCHAN,J.,J,,====,J JK K, mm=-

FORMAT (1813} 2 »Incnawe 1 X cnan

Number of partial waves (LMAX < 50),

Number of intrinsic channels, including elastic channel
(NCHAN < 8),

; ﬂc=parity of target in chamnel c. I =spin of target in

channel ¢, (For a 1~ state, Jo= ~2.) One number for each
chamnel,

H.=spin prejection for the bandhead of a collective rotationa

and. One number for each channel where applicable.

DR, RMAX
FORMAT (2F8.4)

Integration step size (Fm). e '
Max radius (Fm). Positive sign allows . program to override

this number with criteria depending upon the problem, Nega-

tive gign forces program to integrate to RMAX.

(RMAX/DR s 200.)



CARD SET 5

(One set for each channel declared in card set 3.
Elastic chanrel must be first channel described,
Set delines charges, masses, ete,, as well as
optical potentials for the channels. Minimm of
3 cerds per card set.)

Cards for Some Channel NZ

Card 1

Zr -
T

AC
PNLOC
21§

Card 2

RZ

LDFEM
BETA

BETAZ
BETAA

Cards 3-M

OPT
VR

Ror
AR
YSOR
VI

Rot
AL
POWR

E,Mp,ZP,MI, 2T, R_ ,AC, PNLOC, 2%FS
FORMAT (9F8.4)

=Lab energy (MeV) of elastic channel projectile (i1f Nz=1}.
=Q value relative to elastic chammel (for NZ#1).
Projectile mags (AMI).

Projectile charge.

Target mass (AMU),

Target charge. /3
Coulomb cherge radius (Fm), (R.=R,o MI
Coulomb cherge diffuseness,

Nonlocal range parameter,

Twice spin of projectile intrinsic spin,

).

NZ,NZ,LDFRM,BETA, BETA2,BETA4
FORMAT (2I3,12X,13,3X%,3F8.4)

Defines channnel,

Order of deformation for optical potentials, if deformed,

Deformation parameter of order LDFRM. Used only if options
11 and/ox 12 are used for optical potentials, Program
extracts monopole part of potential,

Deformation parameter of order LDFRM42.

Deformation parameter of order LDFRM:.

OPT, VR, Royp ,AR, VSOR, VI, Ry AL , POWR
FORMAT (BFS.4,8X,F8.4) O

Patential option.

Real well depth,

Real well radius (Rp=Rgg MT
Real well diffuseness,
Thomas spin-orbit facter.
Imaginary well depth, 1/3
Imaginary well radius (Ry=Rgy MI™ 7). .
Imaginary well diffusentss,

Extra varlable for use in some options,

1/3)'

These cards have substantially the same meaning as {n DWUCK and are
detatled later in this write-up. Any number of potential cards may be used
and the regulting potential will be the sum of potentials defined on the
cards. The card with a negative OPT option is the last for this card set,



CARD SET 6

(cne set for each coupling between channels, A .
blank card will terminate the scan of coupling
card set and start the numerical integratiom.)

Cards for Coupling Between Channels NI and NJ

card 1

NJ,NI

LTR
2*STR
2%JTR
LCODE=0
=1
=2
LDFRM
LCOUEX#0

BETA,BETA2, -

BETA%L

NJ,NI,LTR, 2*STR, 2*JTR, ICODE, LDFRM, ICOUEX, BETA,
BETA2, BETA4, Ry , FNRNG '
FORMAT (813,5F8.4)

Channels which are coupled (these channels described on
card sets 3 and 5). If NJ is negative, coupling 1s one
way from NI - NJ. If NJ is positive, coupling is both
ways, NI 5 NJ. :

Transferred orbital angular momentum.

Twice transferred projectile gpin.

Twice transferred J(LTR + STR=JIR).

Collective form factor.

Single-particle transzfer form factor,

Two-particle transgfer form factor.

Order of deformation for collective form factor (ICODE=Q),

If Coulomb excitation is to be calculated.

BETAFQL 4’ coupling strength,

:ﬁggi?& qbsj HLETﬁgLs::;;;::figgrizzg:;;;zizive excita

ICODE=1, =product of light and heavy particle gpectro-
scoplc faé&o;s and D,, the zero range strength, 1i.e,
BETAnstj(target)* Sk(projectile)*D .
Cauticon: D, 15 the true overlag and is not ‘the same as
).

for DWUCK. (Do Do /10 BETAZ and BETA4 are
not used in thigwgcge CHUCK

ICODE=2,
BETA'quje'i .7 S (target) Sk (projectile) D_ .
BETA2 and BETA4 are not used :

Radius for Coulomb excitation (Fm). (Reyx=Rgey ]!{I?(NJ}t /3).

-Finite range parameter,



Cards 2-N
ICODE=0Q

Cards 2-N

ICODE=1

Card 2

HERAE"

OP-‘!

c

Cards 3-M
Card M+l

FN
FL
2%F J
2%FS
VTRIAL
FISW

_ DAMP#O

ICODE=2

. Gard 2

CNIRL

QCODE

OPT,VR,Rop, AR, VSOR, VI, Ry , AT, POWR
FORMAT (8F8.4,8X,F8.4)

Macroscopic form factor cards using the optical potential
options, ’

B, MP,ZP, MT, 2T, R,
FORMAT (6F8.4)

Binding energy of transferred particle to core.
Mass of transferred particle.

Charge of Lransferred particle,

Mass of core which binds particle,

Charge of binding core (1§?§ that of transferred particle),
)

Coulomb radius (R.=R,. Ml
Cards which describe binding well, Same as cards 3-M
of card set 5,

FN,FL, 2%F2, 2%FS, VTRIAL,FISW, DAMP
FORMAT (7F8.4)

Number of nodes of orbital (excluding origin and infinity),
Orbital angular momentum.
Twice total angular momentum of particle.
Twice intrinsic spin of particle.
Scaling factor for bound state potential,
Search control for bound state,
=0 Search on well depth.
=1 Bearch on binding energy for fixed potential,
=2 No search,
Multiplies "“bound" state function by exp(-DAMP*r) and

~ renormalize ko 1,0,

CNTRL, QCODE, FLMU,VZERO, FJ2,FJ1,FJF
FORMAT (7F8.4) .

0.0 Read zerc sets of orbital cards and EXIT from form
' factor calculation,

1,0 Read one set of orbital cards,
=2.0 Read two sets of orbital cards.

0 No aption,

0 Yukawa potential microscopic form factor.

0 Coulomb potential microscopic form factor.

0 Tensor potential microscopic form factor,

0 Not used

0 Twe nucleon transfer microscopic form factor.
0 Zero ranmge knockout microscople form Factor,



ICODE=2, Card 2

FLMU

VZERO

FJ2
&) S
FJP

Cards (3~M)

{continued)

- (Range)'l of potentials for options 1 ‘and 3 above,
= RMS radius of Gauszian wave functlon for "tritom" im
option 5 above (default for FLMU=0 i3 1.7).

= Strength of potential for options 1, 2, and 3,
= Spectroscopic amplitude for transfer reaction in
option 5.

. = Volume integral of twn—Tody'potqutgld}n option 6.

Here volume integral = |V{r)exp{lE-.-x)dr
= 2% spin of core {j2) to which single particleis
coupled in options i, 2, 3, and 6.

= 2% spin of initial nucleus 31 + 32 = JI
in options 1, 2, 3, and 6,

= 2% gpin of final mucleus §1° + 12 = JF
in options 1, 2, 3, and 6.

Following card 1, place one or two sets of cards defining
the single-particle orbitals, (as used for ICODE=Ll for
example), If the second orbital is identicel to the first
you may use CNTRL=1.0 and the program will use the results
of the firat orbital calculation as the second orbital wave
function and will not read in the second set, The program
wlill attempt to read in a new card 1 of this data set and
coherently add the form factor contributions until a
CNTRL=0,0 is detected and the program will terminate the
calculation of this form factor, A negative CNIRL will
also give a cohereunt contributiocn to the form factor but
the calculation will terminate similarly to CNTRL=0.0.

A number of variations to the standard options may be made,
The list described for QCODE < 10,0 will treat the form
factor ar a purely real function. If you increase the
QCODE by 10.0, i,e., 1.0 becomes 11.0, etc,, the program
will treat that part of the form factor as purely imaginary,
Thus by vee of a QCODE nusber legs than 10.0 and another one
greater than 10.0 one can generate both real and imaginary
parts of the form factor. Furthex, the use of a negative
QCODE will use the single-particle orbitals genmerated by
the previous QCODE to calculate the contribution to the
form factor. Hence the single-particle orbital cards can
be omitted and in this way ome can calculate multiple con-
tributions such as a Yukawa interaction gplus a Coulomb

term without repunching the orbital cards for the second
potential option. -l
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Potential options available for card sets 5 and 6,
OrT = 1.0 Volume Wood-Saxon potential
= * T
¥(r) = VR f(XR)-+ ivi f(XI)

- e-r /3
! £X,) = [1 + exp(—F—)]
i Ai
Note that for attractive real and absorptive imaginary
‘pgtentials VR and VI must be negative.

0T = 2.0 Surface Wood-Saxon potential
™ *,
v(r) VR*df(XR)/dKR + 1VI dfoI)}de

Note that for attractive real and absorptive imaginary
potentials VR and VI must be positive. Further, this

form has no factors of 4 es that VI=4 W, where Wy is the-
other convention of expressing the streagth of the surface
shape potential. .

T = 3,0 Second derivative Wood-Saxon potential
2 2 2 2
V(r) = VR*d f(xR)!dx g+ iVIed f(xI)de

ore = 4.0 L-3 potential from a volume Wood-Saxon potential

Vi g(r) = (-VR* % QE(X )/dr - ivI* l—df(xl)/dr) L8

Note that the potential is defined in terms of L-S and
conteine no (‘h/nhc) s 2 factor. The stgength VR is 4
times the strength used when the Qlf factor and L-g
conventions are used for protons and neutrans but only
a factor of two 1s needed for deutevons since the V LS
then is usuwally given in terms of L-8S.

The VSOR parameter used in optlion 1 will give & spin orbit
potential the same as option 4 with the same geometry as
used in optionl, The VSOR parameter is then the usual A
factor used in multiplyivg the Thomas term and has a value of
about 25 for protons and neutrons. 1In this case

df{X_ )
e VSOR L 1 8 .
vLS(r) VR* 45,2 * r dr L:8

OFf = 5.0 L.*S potentiml from a surface Wood-Saxon potential

vV (r) = (vre 2 (R )X - 1v1*-—- AE(K )/ ) LS

r dr

ort = 6.0 Volume Wood-Saxon potential *r*+POWR

V(r) = [VRE(X)) + LVI*E(X ) J*r#*POUR



OPT = 7.0

QPT =~ 8.0

OFL = 9.0

0PT = 10.0 .

0PT = 11.0

- 11 -

Surface Wood-Saxon potential *r**POWR
= | : * Ry ke
v(r) [v&*df(xR)/de+1vx df(XI)!de] r*%POWR
External Form Factor
Thie option reads in a form factor from the input file. In
addition to the option card you must add & separate card to

specify the number of points to be read.in and whether the
form factor is real or imaginary.

FORMAT (2F8.4)

¥1 Number of points to be read In
F2 =0.0 places points in real part of form factor
=1.0 places points in imaginary part of form factor

- Thig card is followed by the necessary cards containing the

form factor, 5 points per card.

FF(L} Form factor points .
FORMAT (5E16.7)

The form factor FF(1l) Ls scaled by YR or VI depending upon
whether F? is 0.0 or 1.0, If VR and VI are zerc or blank,
the form fazctor is scaled by 1.0,

Mormalized Harmonic Osefllator

V(r) = VRAN L(x/Ro.) exp (~%(x/R,p)**2)

where Nenormalizing constant for the harmonic oscillator functions
such that - '

L 4
[en &2 = @w)?
ﬁ§+%(rlR0R2) is the Laguerre polyromial

Note that the radius parameter iz R _, the quantity'input on
the potential card and not RR’ whick® 1s RORMT**(IIS){ :

GAUSSTAN *r#*POWR

v(r) = VR* exp {-(r)/&ok)**2)* r'**PﬂWR
+1iVI* exp(-(rfROR)**Z)* r *#*POWR
Legendre expansion of volume Wood-Saxon potential
:{;) = I{vn * E(X (r,0)) + iVIf(xI(r,B))] Yiop@®) 4 Q.
where £(X) = 1.0/{1.0 + exp(X)]

X, =fr-R(1L.0O+B Y1/,

LDFRHY LDFRM



OPT = 12.0

OPT=1.0

OPT=2.0 and
OPT=3.0

OPT=4.0 and
OPT=5.0

OPI=6.0 - 12.0

- 12 -

LIR is the L transfer specified for this form Factor.
Legendre expansion of surface Wood-Sexon potential

df df -
V(r) = [[VR* —— (X ) - tvI* S— ()] Y. (8) d D
LTR I dX, 'R dx; “'1 LTR r

where f(X) and X have the same meanings as in OPTIOE;II.O.

In options 11 and 12, VR and VI have the same sign conventions
as are used in options 1 and 2, Further CHUCK treats LTR=(
differently from other values of LIR when used as & form factor
&s a result of options 1,2,3,11, and 12. 1In these cases the
V(r} for LTR=0 is considered to be the coefficient of “P (0),
the zeroth Legendre polynomial, whereas v(r) for LTR > 8 is
considered to be the coefficient of Ywn, the usual assumption
of the angular momentum algebra, Hence the LTR=0 strength
needs to be multiplied by an extra¥&m factor. This ambiguity
does mot apply to the asingle particle, mi{croscopic, or two
nucleon transfer form factors.

OPTIONS Il 2nd 12 may also be used as potential for the distorted
waves. In this case, LTR=0 is set by the program,

Form Factors for ICODE=0,
These options have the basic form as denoted in the potential

option description except for the following cases,

F(r) = VRRE(X,) * (RR!'AR)**POWR + VI*F(XI)*(&I/AI)**POHR
Note that this is different from DWICK, e

The real and imaginary parts of the form factar are m:ltiplied by
( lAR)**PDWR and (RR/AR)**POWR respectively, as in the case of
1.0 .

These options are not available as form factors.

These optiong give the same form and normalization as in the
options for the potential functions,



Light particle spectroscople factors in CHUCK

particles Isospln factor {n Amplitude 5°D,
p(n)d (3%-%4 00)= -1/{2 {2 1 -1 122.5
n(p)d (k5| 00)= 1/{2 {z 1 +1 -122.5
d(ajt (0x0% ] ¥4y= 1 {3 1/{2 {3/2  -225
d(p) ne (050 k)= 1 {3 /42 ETERS Y
p(20)t (s1-%1|%%)= -{2/3 {3 ~1/{1 1 -1560"
p(np) He (S0 G1-40|k-k)= 1§33 -1/13 INE  -1100
p(ap) e ol (3050 k)= 1 3 1z 37z -1920
n(zp) e (31x-1]%-¥)= {2/3 '} RV 1 1560
n(apdt (op) Cetao] ¥y~ [1/3 3 -1/{3 -14Z 1100
A@PIE (oog) (k00| ¥)= 1 {3 A2 {372 1920
e (n)a Coy-kk| 00)= -1i2 4 1 -2 678
t(pYor (3%%-%]00)= 172 iy 1 2 -em

Triton or “He function = L/¥2 [(S=1+k){(T=0+k) - (S=0+})(T=1+3)]

-
This value includes the factor{ 9.7 to normalize the two-nucleon transfer,



2. Specific Cases of Reactions.

In CHUCKS3 the off diagonal terms which need to be calculated are of the form
Vit = T (loseyjolo; TMIN/2j + LT () UGyl (s eyjele; TM) (2.1

where I. and I, are the target spins,
s« and s. are the projectile spins,
ly an_c’l [, are their relative angular momentum,
jﬁ = _lf + :ic are the coupled angular momentum,
J = je+ 1. 1s the total angular momentum and

T(J) is the tensor operator for the relative motion with coupling (ls)j.

Applying equations (5.4.1) and (7.1.5) of Edmonds [Angular Momentum in Quantum Mechanics, Prince-
ton Univ. Press 1957] we obtain

v :(_1)J’CI+IC+J'—J§-C§~C, Zciclj'W(jcijJc';jJ)(lc 100l 0y

L. 1 1. ; . (2.1)
S S Sg BICsCIC/sC/fU (7”0)
Je ] Je
and
Bty = (solllls AU G, )

The coefficents B’ contain the nuclear structure information and for coherent processes the phasing 18 very

important. The reduced matrix elements in B’ satify the symmetry property
iU vie) = (raellUG Il Gy (=1 eI (2.3)
and the hermitean adjoint is defined as
Utk qy= (—1)k+qU(k —q). (2.4

Thus all of the spherical harmonics Y;”* are assumed to carry a factor i with them. In particular for the
rotational model of the nucleus the wave functions should be defined as in Bohr and Mottleson [Nuclear
Structure Vol. II, W.A. Benjamin Inc., eq(4.39)].

a) ICODE = 0 Inelastic excitation using the strong coupling collective nuclear model.

The oﬂ"diagonal interaction potential for this model is given by



Az

Application to variosus models

ICODE=Q Collective Strong Coupling Model
= f ngf)("'&? A2} x= - Relpe

o

where BP is defined as the angle between the projectile coordinate and the

body fixed frame of the nucleus. In terms of the formalism the potential is

I

Certpe LA 1R mmv,fsl 1(-£%).

rearranged as

Using the Bohzr and Mottelson phase conventions for the nuclear wave

"functions the reduced matrix element is '
- : . f4Le) ~[e]

8“' ' (:—J"JZJ,"JIJle._‘I (Ic,tg. Ko ""t'!() ¢ !
. where [c] or [¢’] = 0 for a positive symmetry state and
[¢] or [c¢’] = 1 for a negative symmetry state.

The subroutinme INTEG calculates [La
- - . Q + tc,l -
=3t V@ogrst) (23cs! (Teaeol T k) ¢ ,

s0 that:"BL must be entered via the channel coupling cards,
ICODE =1 ©Particle Transfer -
1.1 Stripping

The interaction needed for stripping is

Vs 0o (U G_\,T}O V231
hence

B o b, LoallAdA> < Tofla) 2>

- (_)'0'“:, -ag‘ r'"“‘"—""'z .064] f 22@'4' J‘ Aq’ . »

where the definitions of the spectroscopic factor ;
' -L

,3;‘ + {2T.41) " ¢ 3 MQ iy

is that of Bohr and Mottelson Eq(3E-8), and the /sa is the projectile spectro-

1]

scopic amplitude. The quantity calculated in INTEC is



JEEE

(_-)A%"' - Ae |}(3_A,_+l)( 2T+ amd the wnpual on

_ the coupling card is '

. . 1 e D
/83 Aa € .
l.la Strong Coupling Medel

The spectroscopic amplitude

A’E( K, A, - K“,‘ﬂ_‘.)

- % 21:,"" ( It.j : [<¢. _n.‘: _t_‘zc ]E‘i K)
2L,¢1!

x Cd’cchp‘> C.ar'g (‘Rs'z-ﬂ"‘c)

L]
where g-t._/f ifK = {}; = ¢ or K, = QZ = ( and unity otherwise, The T is
taken tc be whether the captured pérticle trangfers to an orbit Qulﬂciﬂc[
and the factor <¥,° lch> is the core overlap.

1.1b Weak Coupling Madel

Here the final state'is represented usually as :P ig@j'flc)j'- The

spectrogcopic amplitude is

1.2 Pickup
This reaction is related to the stripping reaction by time reversal
. L L : .
g1¢ 12 Totd-3d «dy <A -2, I, Ao’
... - sllf + A=) § g, M

I, e
- - L
The phase and I, Fg-/r".;‘, factor are computed in INTEG hence only

L
0’0 JIQ }; need be entered by the channel coupling cards

ICODE= 3 Weak Coupling Model

-The interaction 1s the same as for the strong coupling model
. . v
V * pa Y. (%) ("5 :‘—.—, )

The wave 'functfion is given by
41‘:. = ( Cﬂ',- %136 K.) ):{c

where ‘i"(Jcl(c) is the rotational model of Bohr and Mottelson (4-39), The
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For the present only a very simple case of this expresglon can be used, The

states are limited to

In this case € —p
. -~ t J-
Bl g pun V2R NN s e s 1)
4 g ¢

The states must be entered in the program such that states with J:: 0

L 4

must come after the gtate Jc = 0 in the ordering of the channels.
Special cases for strong coupling model spectroscopic factors

L.lal Stripping on an even nucleus with K=0
k,.:_n_,_-:.—.b Ke' 2 R, r 2

L
A, = 2—";— (T go i) Q) K1 D .

L.laZ Stripping on an odd nucleus going to an evem nucleus with K; =0
K, _':-.2_,_ Tk K. = NI
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vhere use has been made of
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5} Microscopic Interaction Model for Inelastic Scattering
a) -Central interactions
The potential between the projectile and one of the target nucleons may be

expanded in a Legendre polynomial series )
_ : a 4
V(tﬁ‘fﬂ = V; Zﬂilht\velro. ") Pz“’*"’-)
. ¥
oA oA
_oanve T, Vel n) I Y, (5 Y )
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Using this form we find for the matrix element of V

L Tatrg bimo \ V-0 [ Tp Mo bawma)
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The program DWUCK calculates for the form factor the expression

FE = 4nve20u0t 254, T Y 00 11, T30S

X fR.J?“Jf (ry 'V (%,%) Rp.ji {r) rrdr, '}

where the R”(rl) are the normalized radial functions for the initial and final
nucleon states, and the reduced.uatrix element (ﬂ.l 1+ 33 “ Y,e “ If;"; J:‘f >
is defined by Edmonda.l The quantity j2 is the spin for the coupling of the
A-1 nucleons. The reduced matrix element \f—ci_f;- Z;’,‘j, ]8 “ Ya" i {. 1. ]A >
is printed out as RME in the output. .

1If chere i8 more than one particle in the shell then the strength VZERC in

the microcopic form factor option for each configuration is to be multiplied by
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the factor accounting for the number of identical particles and amplitudes for -

the configurations used J'("lws

8-90( - ajajxjh Qi."j;.fu}, Z..._ él‘j:jtj&“ y.et“"J‘{ijij/éjf.fsicuY-P“}'szlD
If VZERO includes Bese , then

: b
de= . q )

b) ¢, *¢, interaction

11

A central interacticn V(ro—ri) with a -;o'?l dependénce can be written

in cthe following form

.- ; o _ @grantl A "
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where
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The matrix element for V in the transition awplitude is
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vhera s=]1 and s =s_.
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Ihe form-factor_compp:ed by UWUCKA is

-
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In the above expressions for the form factor we have used .

L agl Gollda™> = :z.g;a;{A«u) L

wilch is thé reduced matyix element appropriate to inelastic scattering 8,8,
if the spin of the projectile changes such as in (GLi,BHe) inelastic scactering

chen the appropriate matrix.clement ratio

L ba “:’ “&b-ﬁ /( I3 br;-a(ﬁulill‘bnr})

nust muleiply the form fackor.

The quantity is

ﬂlij =~} _ when 5,75+
Wo obtain the cross section

dan mw e
Note: It should be pointed out again that the cross section for the microscople
interaction is doae in terms of a single particle transition jléjl'. If there

1s more than one equivalent particle then the matrix element ratio

S £ Ta I Yoy 11 T8> [ £33, %0 Ya r) U410

will have to multiply the Bjsj factors which are outlined here.
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6) Two-nucleon transfer option

The déscr_iption for the (p,t) reaction is given in the 'article, H. Baer et al.,

Annals of Physics (NY) 76, 437 (1973), Appendix.

The usual normalization condition gives the cross section for (p,t) ae

4
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do- . D) (m5) (TetWs 1 [ Tebal GI™3 / (2930),
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where (Ma/2/2= 9.72 fn° ford= A’ = 1.7 fo.

For the (t,p) reaction, we have
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" Users of DHUCK and CRUCK:

There has been a major change in the codes in regard to the phasing
of the microscopic inelastic and two-nucleon transfer form factor. This
change also carrie? over in CHUCK to the sequential transfer case. The
new two-particle wave functions should carry an extra phase in the amplitude
of (i)ll +£9 -LTR
ground state to ground state L=0 tramsition to have all positive coefficients,
€.2. 903r

over the old amplitude convention, This will cause a

2 2

Another change has been made in CAUCK for the collectlve form factor
(1CODE=0}. When using options 1, 2, or 3, the power of the (R/a) factor
starts with one, not zero, so that the usage is now consistent with DWUCK,

Form factor = {R/a)**(POWR + 1.0).



