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ABSTRACT

The experimental differential cross-sections datathe lower four**N-states, measured at different twenty
deuteron’s incident energies ranged from 1.8760td/MV, are used to interpret the mechanism of‘%%d, a)-reaction.
The zero-range Distorted Wave Born ApproximatioWM{BA)-Theory with the help of the Cohen-Kurath's cfpescopic
factor amplitudes for two-nucleon transfer are udedanalyze the experimental daf@he experimental angular
distributions for the lower tw&'N-states G. S. (10) and 3.948 MeV (1 0), at lower incident energies (fom 1.876 to
18.1 MeV), are incident energy dependéafdhile those for the foutN-states G. S. (10); 3.948 (1; 0); 7.029 (2; 0) and
11.05 MeV (3; 0), at higher incident energies;E 18.8 MeV, are incident energy independent and ey satisfactory
fits with the corresponding theoretical predictidas both the two methods of analysis. On otherdhdhe experimental
forward integrated cross-sectiorg,, (0°-90°)], for the same lower fouN-states at E = 40 MeV, show excellent fits
with the bare Cohen-KurathSU(3) spectroscopic factors (S) and also with tberesponding theoretical forward
integrated cross-sectionsgly-4 (0°-90°) for both semi-microscopic and microscopithese satisfactory fits serve as tests
for the accuracy of the target and final-nucleusenvunctions used in the calculation of spectrogeégrtors. In addition,
the experimental forward integrated cross-sectfonghe lower threé*N-states G. S.; 3.948 and 7.029 MeV, decreases
exponentially with increased incident energy anolvjgle good fits with the corresponding theoretiwaivard integrated
cross-section curves. Such fits support the faat the reaction mechanism, at the higher incideetgies (E;> 18.8
MeV), is primarily direct. The Cohen-Kurath's thetical excitation-energies for the lower foliN-states G. S.; 3.948;
7.029 and 11.05 MeV, can predict and are in exceliEgreement with the corresponding experimentélleg The
accurate prediction for the lowéfN-states is a success of the Cohen-Kisatlave functions to describe the 1p-shell

nuclei and for their model of calculation.

KEYWORDS: Spectroscopic-Factor Amplitudes, Transferred Piircleons,Semi-Microscopic and Microscopi
DWBA-Theoretical Analysis

INTRODUCTION

The two-particles transfer nuclear reactions onlheshell nucléi®, using the zero-range Distorted Wave Born
Approximation (DWBA)-Theor§) with two different methods of calculation (semienoscopic and microscopic), with
the help of the Cohen-Kurath's spectroscopic-faatoplitudes (Sp. Fa.) for two particles transfertiom 1p-shell-nuclé}
were done. Both of the DWBA-theory and the Cohemathls spectroscopic-factors were used successiullthe
theoretical analysis of experimental data and énititerpretation of the mechanism of picked-up tieas such as (d)*?
and (p,*He)® on 1p-shell nuclei and their inverse reactionghinsemi-microscopic method of calculation, tlaasferred

deuteron is considered as a cluster without intesimacture, picked-up from the 1p-shell with odbiangular momentum
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guantum number equals 0 or 2 and has spin S = lle\Wihthe microscopic method, the transferred ein considered to
transfer as two separated nucleons, each onemfhhbs its private set of quantum numbers.

Previously, in our studies of nuclear reactjomsich ended with an alpha-particle as ejectilehsas (d )™
and (p,a)®*? the reaction-mechanism begins to change fromctitapound nucleus mechanism to the direct one at
"definite (critical) incident energy". The value ofitical incident energy for a certain reactiordispend on the reaction
type and target-structure. The critical energydarertain reaction, is that corresponds to them&bion of the compound
nucleus with excitation energy greater than theshold separation energy of the ejectegarticle from it by ~ 20

Mev1,2,6—8,11,12)

The'®O(d, a)**N-reaction at some lower incident energies in trege E; = 1.876 ~ 13.935 MeV were studiéd
.The same reaction were studi®at E,= 15 MeV and at different eleven incident energimsged from 14.7 to 19.6
Mev15-17).

Pehl et at® has studied the same reaction at=E24Me\*® and 40 MeVV*%?)

The aim of this article is to study the mechanisithe °0(d, a)-reaction at different twenty incident energies
ranged from 1.876 to 40 MeV. We used three metHodghe nuclear- reaction mechanism interpretatibne first
method is fitting the experimental angular-disttibo forms for each rest-nucleus state with theesponding DWBA-
theoretical predictions at different incident enesg The second method is comparing the experimtontaard integrated
cross-sectionsol,, (0°-90°)] with the three values, (21+1); the theoreticaiward integrated cross-sectiomg,, (0°-90°)
for the two methods of calculation]; and with trerd spectroscopic factor S. The third method istoglying the incident
energy dependence for both of angular-distributizms and experimental forward integrated crossises for each state

at different incident energies associated to etatk.s

THE THEORETICAL ANALYSIS FORMULA
The Optical Model Parameters

Our analysis for thé®O(d, o)*N-reaction is performed by using the DWBA-theor@8VUCK-IV)-progrant’.
The optical potential parameters used for the #midoutgoing channel and those for the bound-sibtained from

literatures. The total potential including all paveters for a certain channel has the form:

U=vc(rc)-vof(xo)+( i ] Vs (Lmr)alsﬁf(xm)-i{wvtf(xv)-woif(xo)} (1)
m,C rodr dxp

e

where, \.(r o) is the Coulomb potential, Ms the depth of the volume term angs\6 that of the spin-orbit term
for the real part of the potential. Méfer to the depth of the volume term ang #énote the depth of the surface term for

the imaginary part of the potential. fjxstands for the radial function of a Woods-Saxoteptial, which is given by:
fej)= (e ) @)

— 1/3
with Xi= (r-ri A%, , where 1, a;and A are the radius paramethe diffuseness parameter and the atomic

mass number respectively. f s a function used to calculate the radial pemtshe different potential terms.
The optical parameters used for both of the indiddannel ¥*O+d) and bound staté*l+d), are those obtained

by Cooper et & and SatchléP respectively. Cooper et al. have measuredatigular distributions for deuterdf®
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elastic scattering at energies of 25.4, 36.0 and B&V and their potential is found to be consisteith other data taken
in the energy range from 25 to 82 Mekhe parameters for the out-going chanuepérticles onN) are investigated by
Gaillard et aP? from the analysis of the elastic scatteringugfarticles with incident energy 56 MeV dfC. By using
both of the SUCH® and GOMFIL-prograit), we have modified, the radius and diffusenessmaters for all terms in
the three channels. The original and modified petarrsets for the three channels found in Table 1.

Table 1: The Parameters of Optical Potential Usechi*®0(D, a)"N Reaction.
The Potential Depths Given in (Mev) and the Radii ad Diffuseness are in (Fm)

160 + d 20) 14N + d21) 14N +a 22)
Channel = = = = = =
Original Modified Original Modified Original Modified
Vo 94.79 94.79 87.8 87.8 216.8 216.8
lo 1.05 1.28889 1.051 1.2094 1.3 1.66153
a3 0.843 0.702967 0.635 0.38026 0.58 0.276925
W, 28.05 28.05
ry 1.5 0.84956
a 0.32 0.831596
Wp 8.58 8.58 6.1 | e | e | e
o 1.573 0.811121 0.935 | —emmmeemen | s | s
ap 0.573 0.769553 1.005 | ---mmmemmen | s | e
Vis 6.98 6.98 | e | e | s | e
Ms 1.05 147753 | --mmmmmmmmm | s | e | s
as 0.843 0.836349 | ----m-mmmmemm | mmmmmmemeemen | e | s
re 1.3 1.3 1.3 1.3 1.4 14

(**) The abbreviations used in the first column bahe following descriptions: and s arethe depths of the
volume and spin-orbit terms of the real part of po¢ential, respectively. Wand W, are the depths of the volume and
surface terms of the imaginary part of the poténtéspectively. The and aare the radius and the diffuseness parameters

for the (i )-term of potential andis the radius of the Coulomb potential.
Theoretical Analysis

To analyze the experimental data f80(d, a)**N-reaction, we have used two different methodsstRir the
cluster method, where the cluster transfer forntofacwere calculated assuming the deuteron to badto the residual
nucleus in a real Woods-Saxon potential havingdausaof 1.2094 fm, diffuse-ness of 0.38026 fm arskpth constrained
to fit the binding energy and a Coulomb radius peater of 1.3 fm were used in all cases. Secontly,tivo-particle
method, where the form factor calculations werdquared using the Bayman and Kallio metfiddsing the two-particle
coefficients of fractional paren-tage calculated@nhen and Kurath In the last method of calculation, each transferred
nucleon, assumed bound in Woods-Saxon well witli tied binding energy of the transferred deuterohe Dptical
parameters for both the incident and out-going nb&nare the same as in the cluster case, whilthéobound state, we

use the one-particle optical parameters given kar Bad Hodgson; Hodgst(Table 2).

Table 2: Parameters for the One-Particle Optical Ptential®®

V- (MeV)

r-(fm) | a-(fm)

Vis(MeV)

rs(fm)

a s (fm)

r c(fm)

55.7

1.236] 0.62

7.0

1.236

0.65

1.23
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Figure 1: The Coordinates For The Reaction A(dg)B

THE SEMI-MICROSCOPIC THEORETICAL FORMULA
The Differential Cross Section Formula
The DWBA-theoretical formula for the differentialoss section for the pick-up reaction AB, by using non

polarized projectile and target, is giva":

Z TDV\:BA 2 (3)

— (da) = — 22 | [(2‘3 + l).($d1+l)] My MBMdz‘ (da)

do #dlAﬂ aB ka 1
Ky

Hin Kk
where 1 ( dl) andu, g (k ) are the reduced masses (wave numbers) in thaliaitd final channels,

s M
respectively; 41 and Ja are the spins of the incident deuteron and targelens (A), respectively. M Mg and 42 are

the target, rest nucleus and ejected particle ntaggeantum number respectively.

DWBA

(©@a) " is the reaction transition amplitude, which hasfiillowing form according to the DWBA theory

O} 2
THB (B R X K, L) (YW VI ) A ran) @

X“)(k,dl,r,dl;\)and x ) (k, . r,5)

Where, are the distorted waves for the elastic scattedog to
optical potentials in the initial- and final chahnespectively. The integration in this formulapsrformed on the center of
. . =12 (r +r,)-r .
mass R=1/2 (r + r,) and on the relative coordinate (' 1= 2) ‘dl, where_r, and r, are the coordinates for both

r
of the two individual transferred particles anfll is that for the incident deuteron (Fig. 1). Th#wee coordinates of the

three particles refer to the center of the resteus in the reaction (B)The quantity found as a bracket

<ww|vww
a B A d1

>a
is the anti symmetric nuclear matrix element and dan write as follows:

a a2 0 a2
<w A > = [ j [ j . <wawaMwawa> (5)
a B A d1 2 2 a B A d1
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a a a a
W W
This bracket is dependent on the four wave funetipndl), ( @), ( A) and ( B) for projectile, ejectile,

A

2

(4j1/2 ( Jl/Z
target and rest nucleus, respectively; and theltimomial coefficients 2 and are obtained from the anti

symmetry.

In the two previous papétswe have derive the microscopic formula for thiéedéntial cross-section and in our
present paper, we will try to derive the semi-mscapic formula for the differential cross-sectitmthe semi-microscopic
calculation, a cluster form factor used togethehlie cluster spectroscopic amplitudekjch can obtain with the help of
a microscopic method of calculatidm. the cluster approxi-mation, both of projectiledaransferred deuteron considered
as point-particles and they have no internal stinectThis leads to a formula for the target wavefion has the form:

¢§(£A)=(2)_1l2 z Lzsé}\éz(LSJT) .[wg(fa)JBTB x @dz[sdz)LSJTKAT:A ®

TTB

In the case of (dy)-reactions, the form of the interaction potentigbresented in the nuclear matrix element (eq.

5), is that between the incident (d1) and the fearnsd deuteron (d2) and it can write as follows:

Vo= Vg, ) (7)

The ejectedi-particle wave function has the form;

R ( )_ L, =0 a s, =T =0 o
an gta _¢a(£)M =0 ')(a(aa’ra)M =N =0 ()
L S a
a a
The wave function for the transferred deuterontelugiven by:
[} ({ )— 3 (LM S M ‘J M) ¢ (B)Ldz sz sdzledZ:D 9
d2 V'd2 - d2 L d2 S d2 M 'X(UdZ'TdZ)M N =0 ( )
MM d2 d2 Ld2 S, @2
I_dZ SdZ
M ) andM <
The summation over d2 d2 for the transferred deuteron vanished in the caseéh® transition
M =-M M =M+M
amplitude, because Sd2 “and “d2 @

Inserting the formula for the equations (6) to {®)equation (5) and by substituting in eq. (4),nthibe final

formula for the semi-microscopic transition ampdiguhas the form:

T%YVEA) (A,B)IJZM (JBMBJM‘JAMA )(TBNBTN‘TA NA).LZ (Ldz(M +Md2)1(—Md2)JM)..D(S,T)
d2
L3

R o . d
-(1Md1('Md2)\ 00)'bST 82 (Lsam) g ardr. x7) kg Ly g )-Fy |_2 (Bvl)J(“)(Kdl'LdlA)
d2

where, Ty, Tg and N,, Ng are the isospin quantum numbers and their z-coamsrfor the target and rest nucleus

(9 Mg IM[3, M, ) (e Ng TN|T, N,)

respectively. The two bracket represent the Clebsch-Gordon
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al/2
coefficients and the quantityAB

M kM) 00)

ejecteda-particle. The quantity bris the spectroscopic amplitude for the light pdetiand it can calculate as follows:

(L S‘]T) is the semi-microscopic spectroscopic factor amgét The Clebsch-Gordon

coefficient couples the spin for projectile with that of thartsferred deuteron to give the spin of

(4 1/2 1 \/E
by, =(-1)™ (2) .ﬁ.aw,l.(Td Ng T N[T, N, )= _ﬁ( 000000)= -3 1)

D (S, T) found in eq. (10) is a quantity, whichtidiguishes the different strengths of the intexatipotential for

F d2J (B’[)

the singlet and triplet states and d2 is the form factor for the semi-microscopic cagkich given by formula:

L3
FMd2 (R,f)=<¢a(r)g Vo ()

L
d2

Ly . Lip?
b R )= D0 (). 4 R (12)

d2 d2

LdZJ
¢, R)y

where Ld2 is the radial wave function for the transferred téean-cluster, which is calculated in a

DO .5 (1)

_ y D (r)by
Woods-Saxon potential. In the zero-range approxonatwe replac , and then the form

factor has the form

J

L
Eo2 (R) = D47 (1) 4o (R (13)

L
d2 d2

By comparing the two formula for microscopft and cluster form factors together, one can sedchwh
approximation in the microscopic model leads quidkl the cluster fornand finally this leads to get the conservation of

the Oscillator-quantum numbers as follows:
2n+ /, +2n,+/, = 2N+ L= Q (14)
In the microscopic case, the wave functions fortthesferred pair of nucleons can transfer in #lative and

center of mass coordinates a(pdj’gl )and(n2 ’KZ) , are the special quantum numbers and orbital angnbmentum

for each one of the two transferred particles (i & (N, L) are those for the center of mass motion for the tw

transferred nucleons, respectively. Q is the tosalllator quantum numbers.

According eq. (12), the microscopic form factomstormed to the cluster form factor, by replacing Harmonic
J

L
d2
N 'L P, Ry .

Oscillator wave function ML by the Woods-Saxon wave function d2 12 By using this
approximation, the final formula for the differeaitcross-sections factorized into two separatetbfaca structurene

al/2
S]AB (L S‘]T), which measured the strength of the transitiorearmdnsideration, and a kinematical one
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* LdZJ

(Jx) (kg g ) 2y, R, dR)

I'd2

which describes the form of angular distribution.

The zero-range DWBA-semi-microscopic differentiabss-section for a (dg)-reaction can calculate by the

DWUCK-IV program and in this case, there is a ielabetween experimental and theoretical crosseseas follows

d, 2
(I ) (TBNBTN‘TA NA).DSd'a).b(Sd_lla).D(d’a) (sm 1 (do)d

a,
[dg) Eoluster, 2 ( )
= .C?. Y| =
dQ exp 2s, +1 102 3(23+1) Ldo

DWUCK- IV
(1B

d,o) d. |
b( 1 - J
where, ng’a) =T715MeV _fm32: ST —. "‘E D(S=1,T=0)da=05: € cluster is the factor

describe the deviation between experiment and theory ; the isospin Clebsch-Gordon Coefficient for 190(d o )14 N-

(TBNBTN‘TA NA) :1-0(,mC=9(/0).9d -<nl£ln2£2 N LOO:L> =10

reaction

Transfer of Microscopic Spectroscopic Factor Amplitidesto Semi-Microscopic

a

According to the microscopic method of calculatiBnthe target wave function (A) can be write as an

L‘PS (5 )} L”’f (51 52)}
expansion of the wave functions for the rest nigleu and the transferred pair of nucleohs as
follows:
el 7 x o) = et farami <ER, el
AgA)MANA: ) A ABZ(pJT) > JBMBJI\%JAMA TBNBTN‘TANA . B((BM N Xflg‘ N (16
J]lejz MMB B'B

TT,

B NN,

B

Using this formula, we can obtain a formula for tmécroscopic spectroscopic amplitude by inversihg t

equation, as follows:

/2 Al/2 3T I ATa I\ T,
_ BB p A'A
5o =[] | e R e

To transfer the microscopic spectroscopic amplisuidesemi-microscopic (shell-model), we use the Mosky-
transformatiof?, in which the coordinateg), which refer to the center of the rest-nucleuy @Banged to another ong,(
which refer to the center of the shell-model patnthis can simply performed by using a simpl@ragimation, where
the deuteron cluster replaces the transferred ongbair wave function and the final form obtaineast the semi-

microscopic spectroscopic amplitddés:
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172 T

Q2 A TA
/ A A Ja T JA T
SAé(PJT):(Zj '(A—Zj < [‘PE(ZB)N?B EB-X‘Pi(ﬁQ),‘QJﬂM “PZ(ZA) A

M N
ANA A"A
1/2 /2
A A @ J.T IT J T
= A BB P A A
= (2] (A—Zj . <qJB g }qJA (18)

( A leZ
Where, A-2 is the center of mass correction-factor §ha the total oscillator quantum number (eq. 14)
J_.T J T
w BB wPITlh y A A
B X A
and the integral is known as the two-nucleons coefficient of frantl

parentage (c. f. p.).
DISCUSSIONS

As we mentioned previously, the mechanism for &agenuclear reaction, which ended with an alphdigia as
ejectile, begins to change from the compound nscleechanism to the direct one at definite (crijicatident energy.
This incident energy is dependent on both of reactype and target structure. In addition, the abtristics of the
experimental data obtained in a certain nucleasti@aare dependent on its mechanism or on incideatgy at which the
experimental data are measured. This means thatfuolying the characteristics of the experimenthdbtained in a
certain nuclear reaction at certain incident enewggy can interpret exactly its mechanism. The aerpmntal data found in
literatures for the®®O(d, a)*N-reaction, were performed at twenty different éfegit energies ranged from 1.876 to 40
MeV™**9) To interpret the mechanism of this reaction,His range of incident energy, we use the predistiohzero-

range DWBA-theory's progratrand the Cohen-Kurath's spectroscopic factors
Angular-Distribution Forms in *°0(d, a)'“N-Reaction

It is known that, at very low incident energiese thngular-distribution forms are energy dependéfiten the
incident energy increases until it reached thécalitvalue for a state in a reaction, then begdmesstability of its angular
distribution and with increasing the incident enengore and more the stability increases until @cteed its maximum at
certain value for incident energy. This means ttrat,form of angular-distribution for a transitiona certain reaction is
mainly dependent on the dominant mechanism in rédgtion and with increasing the ratio of directctranism,; this
increases the stability of its form. The maximurabdity of the angular-distribution form reached c#rtain incident
energy, which is dependent on both reaction tymktarget-structure and its value probably changmfa state to another

one.

As shown in Fig. (2 A), the forms dfN-state G. S. (% 0) angular distributions, obtained in the reaetitD(d,
)N at low incident energies (F= 1.876 ~ 18.1 MeV), are energy dependent. Staftom the next incident energy,E
18.8 MeV, begins the stability of G. S.-forms ampears a new minimum at the angley. ~ 30. The stability for**N-
state G. S. angular-distributions increases witihdasing incident energy in the rangg € 18.8 — 40 MeV and there are
similarity between their forms. Similarly, the ateudistribution forms for thé’N-state 3.948 (1 0) MeV (Fig. 2 B. a
and b), obtained at lower incident energies=£14.9 to 18.1 MeV, are energy dependent, whikéigiier incident energies
ranged from E = 18.8 to 40 MeV, they have similar forward difftian forms.
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The two angular distributions for thé&N-state 7.029 (2 0) MeV (Fig. 2 B. c), measured a,E 24 and 40 MeV,
have similar forward diffraction forms. That foretf{N-state 11.05 (3 0) MeV (Fig. 2 B. c), measured at the incident
energy E; = 40 MeV, has a form, which probably due to thend@nt of direct mechanism.

Table 3: The Experimentaf® and Calculated Excitation Energie® for the First Four **N- States Obtained in the

Reaction®®O(D, A)*N Together with the Total Angular Momentum, Isospin The SU(3) Spectroscopic Factors
Amplitudes and total Spectroscopic Factors for the&luster Case

30) 5 | w30 | Isospin® Spectroscopic Factor Amplitude Total
Ex(MeV) Eca(MeV)® | J™0 D, D, D, 35, Sp. Fa. (S)
G.S. 0.0 1 0 1.64434 -0.1281 2.72026
3.948 3.62 1 0 0.28604 1.63571 2.75737
7.029 6.99 ) 0 | - 2.236548 5.00215
11.05 10.14 3 0 2.646 7.00131

*) The spectroscopic factors amplitudes are nomzedlito the transferred angular momentum (j) aral fsospin.

REACTION-MECHANISM INTERPRETATION
Fits of Angular-Distributions with Theoretical Predictions

Considering the transferred two-nucleons, in*fi@(d, o)**N-reaction at higher incident energies, are pickpd-
from the 1p-shell through a direct mechanism. Thbe, two different methods of zero-range DWBA-th&bgsemi-
microscopic and microscopic) can be used to cakeuke corresponding differen-tial cross-sectionshe four lower**N-
states by using both of the modified set of thdcapimodel parameters [Tables (1) and (2)] and Goden-Kurath's
spectroscopic factor amplitudegTable (3)]. Then, the fit of experimental anguldistributions with the theoretical

predictions used as a method for the reaction-nméshminterpretation as follows:

As shown in Figure (2 A), th&'N-state G. S. (T 0)-angular-distribution forms, obtained at lowacident
energies k= 1.876 ~ 18.1 MeV, are energy dependent, thistddlee dominant of compound nucleus mechanismléVhi
at higher incident energies& 18.8 MeV, begins the stability of G. S.- angul@stidbution forms and it increases with
increasing incident energy, this due to the dontimdrdirect mechanism in this range. This leadshitain excellent fits
between the G. S.-experimental forms and the DWBd&otetical predictions for the two methods of asalyin the

incident energy range & 18.8 - 40 MeV.

The angular distributions for tHé&\-state 3.948 MeV (1 0) (Fig. 2 B. a and b), measured at the higheidemt
energies (ranged from = 18.1 to 40 MeV), exhibit too the characteristafsdirect mechanism. Where they show
excellent fits between experimental forms and tegécal predictions, this may due to the dominandiofct mechanism in
this incident-energy range. On other hand, at lowidient energies | = 14.9 to 17.3 MeV, there is no fits between
experimental and theoretical forms, which probahlg to the dominant of compound nucleus mechanmistims range of

incident energy.

The two angular distributions for th&\-state 7.029 MeV (2 0) (Fig. 2 B. c), measured at,E 24 and 40 MeV,
have similar forward diffraction forms and show ddis with the DWBA-theoretical predictions, tlpsobably due to the
dominant of direct mechanism. The angular distitsufor the**N-state 11.05 (3 0) MeV (Fig. 2 B. c), obtained at the
incident energy Ey = 40 MeV, exhibits too the characteristics of direnechanism and shows good fit with the

corresponding DWBA-theoretical predictions, thistpaibly due to the dominant of direct mechanism.

Impact Factor(JCC): 0.9458- This article can be dowloaded from www.bestjournals.in



46 S. E. Abdel-Kariem & M. H. Khalil

Total Cross Sections

The experimental forward integrated cross-sectjang, (0°-90°)], for the lower*N-states at the two incident
energies 24 and 40 MeV, as shown in Fig. (3), ampared with the corresponding values of the thiegssical quantities:
the theoretical forward integrated cross-sectiansyj (0°-90°) for both semi-microscopic and microscopic mettodd
calculation] and the total spectroscopic factoinShis Figure, the experimental forward integratedss sectiongey, (0° -
90°) show excellent fits with both the bare Cohen-Kine spectroscopic factors for two-nucleons transfe[€ (3)] and
theoretical forward integrated cross sectiooignf (ciuster and Microscopid0°-90°)] especially at E; = 40 MeV. Such fits
supports the fact that the reaction mechanism egethwo higher incident energies is primarily difé&® This can
considered as a second method for the reactionanésh interpretation. The solid- ; dashed-dottstigrt dashed- and
dotted lines, plotted in Fig. (3) for a transitiorpresent its experimental forward integrated £8ELtion §ey, (0°-90°)];
Semi-microscopic- dowa (ciuster) (0°-90%)]; microscopic forward integrated cross-secti@mwls wicroscopicy (0°-90°)] and
spectroscopic factors (S), respectively. The ficgueen the above given four values for ebhstate at = 40 MeV as
shown in Fig. (3), is very excellent in compariseith that at E= 24 MeV. These because at higher incident enehgy,

reaction mechanism is pure direct, while at lowergy, the ratio of direct mechanism probably iskve
Incident Energy Dependence for the Forward Total Coss Sections

As a last method for the reaction-mechanism ingdgtion, we compare the experimental forward irattegt
Cross-Sectionse,, (0°-90°), for each one of the thrédN-states G. S. {10); 3.948 (1; 0) and 7.029 (2 0) MeV, with the
corresponding two theoretical valugswa (semi-microscopic and microscopltd® - 9C°) in the incident energy range associated to
each state [Fig. 4]. As shown in Figure (4), exadlifits are obtained between the above maintaimex® values and the
three curves for the forward cross-sections fohesdate decreases exponentially, with increasioglémt energy, this is a

characteristic for the direct mechanism.

Table 4: The Experimentaf® and TheoreticaP’ Energy Levels for the**N Nucleus in the'®0(d,a)™N

Reaction
Level Angular Momentum and Isospin Energy Level E (MeV)
@"; n* Experimental® | Theoretical
1; 0 G.S. 0.00
15 0 3.948 3.62
250 7.029 6.99
350 11.05 10.14

Excitation Energies

The theoretical values of excitation-energies Ifer fower four*N-states G. S. {10); 3.948 (1; 0); 7.029 (2; 0)
and 11.05 (3 0) MeV, calculated by Cohen and Kur#thre in excellent agreement with the correspondiqgemental
value$”[both are presented in Table (4) and Fig. (5)]. @oKurath have used their wave functidn®in the calculation
of the theoretical excitation energies and theyld@ecurately predict the above given lower fotN-states. This can

consider as a success of their wave functions adehof calculation to describe the 1p-shell nuclei
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CONCLUSIONS

The aim of our present study is to interpret themaaism of thé®0(d, a)*N-reaction at E ranged from 1.876
to 40 MeV. At higher incident energies, we haveduseth of the semi-microscopic and microscopic zarmye DWBA-
theory” to calculate the theoretical differential crosstisms for the lower foutN-states G. S. (10); 3.948 (1; 0); 7.029
(2%, 0) and 11.05 (3 0) MeV. In our semi-micros-copic analysis, we @éased three modified sets of the optical-model
parameters for the three channels and the CoheatliKsrspectroscopic-factor amplitudesn the semi-microscopic
method, the transferred deuteron is considered @asdéer without internal structure, picked-up frahe 1p-shell with
orbital angular momentum quantum number equals @ and has spin S = 1. While in the microscopichoétthe
transferred deuteron considered to transfer asstparated nucleons, each one of them has its @rips@ntum number
set. The results of our analysis for the lower fot-states G. S. (1 0); 3.948 (1; 0); 7.029 (2; 0) and 11.05 (3 0)

MeV, can be summarize as follows:

« The experimental angular-distribution forms for fimst two “N-states G. S. (1 0) and 3.948 (1 0) MeV,
obtained in the incident energy rangg £1.876 to 18.1 MeV, are incident energy dependafhile in the higher
incident energy range &= 18.8 ~ 40 MeV, their angular distribution forang stable and show good fits with the
corresponding zero-range DWBA theoretical predii¢Fig. 2 A. d and 2 B. b and c).

* The experimental forward integrated cross sectmpg0° - 9C¢°), obtained at = 40 MeV for the above given
lower four**N-states, show excellent fits with both the baré@wvKuratls SU(3) spectroscopic factors and the
theoretical forward integrated cross sections fier tivo different methods of calculatiorsdmi.microscopid 0°-90°)
andomicroscopic(0°-90°)] (Fig. 3). While at Ey= 24 MeV, the fits between the four physical quizesifor the lower

three'“N-states is not satisfactory.

«  The experimental forward integrated cross-sectiorsthe lower threé’N-states G. S. (10), 3.948 (I; 0) and
7.029 (2; 0) MeV, decrease exponentially with incident gyerand provide good fits with the corresponding
theoretical forward integrated cross-section cuf#g. 4). Such fits support the fact that the tescmechanism
is primarily direct®. This process begins foiN- G. S. (1; 0) at Eq ~ 18 MeV and for the other two states begins
at Eq~ 24 MeV.

« Cohen and Kurath have used their wave-funcfiofio calculate the theoretical excitation energ@slie lower
four **N-states which were in excellent agreement withabeesponding experimental valt@gsee Table (4)
and Fig. (5)]. This means that, the accurate ptiedidor excitation energies of the above given doviour **N-

states is a success of their wave functions toritesthe 1p-shell nuclei and too for their modetalculation.
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Figure (2 A): The experimental angular distributions for the **N- ground state obtained in the'*O(d, a)*'N

reaction at the following incident energies:-

(a) Eg ranged from 1.876 to 10.425 MeV.(b) ranged from 13.304 to 14.9 MeV.
(c) Eq ranged from 15 to 18.1 MeV.(d) g ranged from 18.8 to 40 MeV.
(** The errors for the experimental points in this figure are taken to be + or - 10 %.)
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Figure: (2B):

The experimental angular distributions for the “N-
excited states obtained in thé®0(d, a)**N reaction at
the following incident energies:-

i) The lower *N-state 3.948 MeV at the incident
energies:

a) By ranged from 14.9 to 18.1 MeV.

b) Eq ranged from 18.8 to 40 MeV.

i) The two lower *N-states 7.029 and 11.04 MeV at
the incident energies:

¢) Eq = 24 and 40; and 40 MeV, respectively.
(** The errors for the experimental points in this
figure are taken to be + or - 10 %.)
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Fig. (3) :The fitting of experimental relative cros-sectionso,, (0°-90°) for the lower *N-states G. S.; 3.948; 7.029 and 11.04 MeV
uuuuu (0°-90°) -dashed-dotted-lines-;
O (0°-90°) -dashed-dotted-lines-ia,, ... (0°-90°) -short dashed-lines and the LPPU-spectroscopic tdors S -dotted
lines-

at the incident energies 24 and 40 MeV with the iregrirte theoretical cross-sectionsa,,
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Fig. (4): The energy-dependence of the forward totd cross-sections for the lowestthree
"N -states 0.0 (1°; 0); 3.948 (1'; 0) and 7.029 M eV (2°; 0) obtained in the reaction
0 (d,a)'N . The errors for the experimental points in this figure are taken to be
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Fig. (5): Experimental and theoretical excitation energies for
the first five states in the nucleus®'N .
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