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Abstract: Analysis of 7= +-28 § elastic scattering at energies 21.69, 48.9, 130, 180 and/2%6and inelastic scattering at energies
130, 180 and 226 MeV leading to the lowest and 3 states 0£8S have been carried out in the framework of the alpha-clusgeri
single folding model. In the elastic scattering analydis, iteal part of the considered potential is taken also in tempmenological
Woods-Saxon form besides the alpha-clustering SF modelr&3ults are compared with the experimental data and gaved fif.
The values of the extracted reaction cross sections in theases are similar to each other. The calculated defornsalémgths are
similar to those estimated from other studies.
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1 Introduction 4HeBBe 2C 160, etc. have high binding energy and all
of these nuclei can be considered to be composed of

Many studies have been carried out on the scattering ofparticles. Therefore, nucleus mass number AT equals 4m
pions from nuclei. Satchled] achieved a great success in where m is integral number @f -particles of the nucleus.
presenting a local phenomenological optical potential, 0f?8S is a nucleus consists of seven-particle , eacha
a Woods Saxon form, to analyze the elastic and inelasticparticle is bounded more weakly than a nucleon in the
scattering of charged pions froth*8Ca, 58Ni,%0zr, 118 289 npucleus.
and 2%8pPp at energies from 100 to 300 MeV. Using the  The motivation of our study is the success of the
kisslinger local potentiald] for pions elastic and inelastic considered model in analyzing elastic and inelastic
scattered from different nuclei at different energies alsoscattering of charged pions from other nuclei where M.
obtain a great success which motivate many researchers ®l-Azab Farid and A. A. Ebrahin¥] succeed in studying
analyze the scattering of pions from nuclei over the lastelastic and inelastic scattering of charged pions in the
decades. framework of the considered model frotC and %0

In the present work we will employ the through a board energy range (100-766 MeV).
alpha-clustering single folding model to describe  The manuscript of this work is ordered as follows: the
Tt +28 9 reaction which is based on the folded form of theoretical formalism is showed in sectio? ,the
the pion-nucleus local optical potential and the clusterprocedure is explained in sectioB, the results and
structure of the target. The real part of the nuclear opticaldiscussion are displayed in sectidpand the conclusion
potential is calculated in the framework of the is briefed in sectiorb.
alpha-clustering SF model, while the imaginary part is
taken in the phenomenological Woods-Saxon form. The
effective pion-alpha interaction is taken in the Gaussian2 Theoretical formalism
form.

The shape of the binding energy curve reflects theThe total pion- nucleus potential (SF case) expressed is
nuclear structure. The concept of alpha clustering resultgxpressed as:
from the phenomena of alpha decaying from nuclei with a
tightly bound structure. Even nuclei such as U(R) =V« (R) +1W(R) +Vc(R) 1)
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whereR is the projectile-target separatiovg (R) and Table 1: Parameters of the nuclear matter and the alpha cluster
. 8 ~.
W(R) donate the real and imaginary parts of the potentialdensities of 'si.

respectively andvc(R) term is the repulsive Coulomb pom(fm ) | w(fm ) | B(m )
potential. 0.2050 0.1941 0.2112
Alpha-cluster density functiopc(r’) relates to nuclear poc fm ) | y(fm ) | n(@m )
matter density functiopm(r) by [5,6]: 0.0357 0.9745 0.302
p(r)m= [ pelr')pa (T )" @

) N The imaginary transition potential is obtained by deriving
where r,r’ and pq(r) are the relative position vector ihe imaginary central potential as:

between the nucleons, the position vector obascluster

and the matter density af -particle respectivelypg(r’) _ riA%/3

d R
and pm(r) are expressed in the harmonic oscillator shape W (R) = —GWWOE[1+GXKT)]71 12)
as
Pe(r") = poc(1+ yr'?) exp(—&r?) (3)  wheremy is the real deformation length. The value of

the deformation paramet@ris to be adjusted to obtain a
B 2 2 reasonable agreement with the experimental data shown
P(r) = Pom(1 -+ cor®) exp(—Br) ) in the figures below. Deformation lengtt&ea , dimag) are

andpq(r) can be expressed in the Gaussian formas: ~ found from the deformation parameter by using the
following relations :

B a2
Pa () = Poa €XP(—AT?) ) Sreal = PryA/3 (13)

wherepocma), ¥, €, w, B, andA are constants, and
Smeg = BrwAY? (14)

£=B)n=A-B.y= 22 andpe = (& /m%2[1+ 3y/2¢] !
(6)
By using the alpha-clustering model to calculate the
optical potential through the SFC model, the real part of3 Procedure

the optical potential becomes: We will analyze the pion nucleus elastic and inelastic

_ - — scattering in the framework of the alpha-clustering SF
Ve (R) = /Pc(r/)ana(R—f’)df’ (7)  model which the folding calculations are based on the
alpha-cluster of the target nucl¢f®S). The effective
By considering the nucleoo- interaction Vy_g in pion-alpha interaction is taken in the Gaussian form
Gaussian form as: eq.®) with range parameters equal to 2.13 i §nd the
B _ nuclear density is taken in a cluster form with parameters
Via(R—1) = —Voexp(—kR—r']?),k=1/a> (8) calculated according to e@)( The nuclear matter
densities parameter$][and the alpha cluster densities

wherea is the range parameters, we obtains: parameters are listed in table The real part of the
considered potential (in the elastic scattering calcoites)

Ve (R) = — (TY3/2Vo o0 expl KB (K — p))[1 4 3Y 4 weR is taken also in the phenomenological Woods-Saxon form

=R () opocexp( (k= I+ 3 “2(9]) [3] besides the alpha-clustering SF model.

The effective bombarding energ¥esr and the
ective pion masdM;; and values used in the present
work are listed in tabl@ which are calculated according
to the following equations/:

(10) Eeft = MnEcm/U (15)

. . . whereE¢n, is the center of mass kinetic energy ands
wheredre is the real deformation length that determines e reduced mass and is defined as:

the strength of the interaction and(R) expresses the

complex optical potential determined by the measured ~ Mamr
elastic scattering. And the transition density can be H= My + myr
expressed by:

The inelastic scattering measurements are analyzegﬁ
using a deformed optical model potential (DBRF[where
the radial dependence of the transition potential is:

dv(R)

VI(R) = —5realw

wheremy is the target mass

dpe
pIr) =~ T D) M= yeMmye= (y+ )/ (1P 20)"2 (26)
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Table2: Pion kinetic energ¥, an and the corresponding effective g figure we notice that the depth far', r-) from 28g
pion massu; and effective bombarding enerdgs¢ values of is energy dependent. The depth fart +28g reaction

28 .

Si. increases from 7.025 MeV to 43.4 MeV as the energy
Eiab (MeV) | Eets (MeV) | Un increases from 21.69 MeV to 130 MeV then decreases to
21.69 20.267 0.17292 33.875 MeV at energy 180 MeV and grows up again to
48.9 42.704 0.20175 reach 41.75 MeV at energy 226 MeV and for +289
130 99.413 0.28733 reaction increases from 5.95 MeV to 40.325 MeV as the
180 130.59 0.33983 energy increases from 21.69 MeV to 130 MeV then
226 158.01 0.38796 decreases to 17.375 MeV at energy 180 MeV and grows

up again to reach 24.75 MeV at energy 226 MeV. This
behavior is referred to the resonance energy 200

. ) ) MeV), a strong absorption resulted from the resonance
wheremy is the pion mass and equald@99 atomic mass  character of the pion-nucleon amplitude is dominant in
unitandy andy_ are defined as: the pion-nucleus scattering][

Y= My/Mr, Y. = 1+ (Ejan/Mrc?)

wherekE, 4, is the pion bombarding energy in the laboratory
system.

In the elastic scattering analysis, the real part of the ' ' ' ' .
OMP is calculated by two ways (SFC model and WS form) or g |
and the imaginary part is calculated using WS form.

The DOLFIN [8] computer code is used to calculate
the real part of the SFC potential that we will inserting it's
outputs in (a)-The HIOPTIM-949] computer code to
calculate the angular distributions of the elastic scitter
differential cross sections . (b)- The DWUCK44
computer code with the calculated imaginary part
parameters Wyanday, (which is take from HIOPTIM-94
outputs) to calculate the angular distributions of the
inelastic scattering differential cross sections Then we T T S
will compare the obtained theoretical data with the Pion bombarding energy, E,, (MeV)
experimental one.

We varied more than one parameter to obtain a
e e ot 21, i 1. The cnray ependenc of h poenl dept s n e

. : . SF calculations.

In our calculations we considered uniform errors 10%

for all experimental data in order to minimize the

chi-square valug? which is defined as: 21.69,48.9, 130, 180 and 226 MeV for*, 1) from
LN o o 285 are shown in figs2 and3. It can be seen from these
2_ = [0‘3"’“( ) — Oexp ')]2 (17)  figures that our results gives a considerable agreement at
X"=x Zi Ao (0 ; = GVE :
= Texp(61) all considered energies with experimental dat8, 2]
) ) ) ) and predict well maxima and minima positions, in both
whereN is the number of differential cross section data 55eg of using SF model or Woods-Saxon form except a

points,dc (6 ) is the ith calculated cross sectianxp(6)  small shift in maxima at energy 226 MeV for the reaction
and Aoep(6)are the corresponding experimental cross+ 128 g The agreement with experimental data is

BRI R

Depth of the real potential, V; (MeV)

section and its relative uncertainty, respectively. excellent in both cases at energies 21.69, 48.9 MeV. There
is an overestimation at larger angles with energies 130
. ) and 180 MeV.
4 Resultsand discussion The best fit SF model and Woods-Saxon optical
potential parameters far™ scattering fron?®S are listed
4.1 t +28 9 dlstic scattering in tables3, 4 and 5. The imaginary part parameters

(W,rw,aw) have the same values in the two cases.
We will study the differential cross section of the elastic scattering ofit™ scattering fronfeS.
scattering ofrt™ from 2835 at energies 21.69, 48.9, 130, The optical model calculations in two cases (SFC
180, and 226 MeV. The best fit deptly values for the  model and WS form) give reaction cross sectiops as
considered energies is showing in figutewhere we listed in tables3, 4 and5 and shown in figs4 and5. We
considered it as a free parameter in our calculations. Froncan see form these figures that the reaction cross section
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Table 3: Best fit SF model parameters for the elastic scattering
of rt scattering fron?8Si; Ejzp (MeV), Vg (MeV), W (MeV),

T T T —T T rw (fm), ay (fm), andor (mb).
o | " i s mode 3 Bar [Vo | W w  lav | XN | or
2 ~ Using Wood-Saxon Form 21.69| 7.025 | 175.344| 0.6078| 0.242 | 2.815 | 2485
5 1 489 | 25.05 | 970 0.4784] 0.19 | 2.489| 224.4
E g} P Psiet ) si E 130 | 434 | 72.902 | 1.0402| 0.7818 | 11.09 | 767.8
o 2169 Mev 1 180 | 33.875| 74.033 | 1.145 | 0.65 | 28.09| 717.9
3 3 226 | 41.75 | 73.496 | 1.0058| 0.73 | 29.01 | 651.6
. 10 48.9 MeV §
§ . : Table4: As in table3 but for m— scatteredfrorﬁSSi;E|ab(MeV),
A 130 Mevy Vo (MeV), W (MeV), 1, (fm), ay (fm), andor (mb).
¥ . Eap | Vo W Mw aw X?IN | or
3wk IS ' 21.69| 5.95 | 745.006| 0.336 | 0.2739 | 14.35 | 270.8
5 f as 489 | 12.25 | 105.104| 0.6358 | 0.156 | 6.547 | 240.9
3 U 130 | 40.325| 126.035| 1.0023 | 0.664 | 456 | 8105
10" Bt NP i 180 | 17.375| 66.07 | 1.2244| 058 | 21.52]| 726.6
T e e 226 | 24.75 | 175.18 | 0.8961| 0.65 | 10.78| 692.6

Lo i P . Table 5. Woods-Saxon optical potential parameters for
Fig. 2: The angular distributions of the elastic differential cros ; ; .
se?:tions formr™ 2cattered frond®S calculated by SF model (solid scattering fron?®S.. The imaginary part parameters (W _(MeV),
curves) and by Wood-Saxon form (dotted curves) rw (fm), aw (fM), andogr (mb)) have the same values are in tables
3and4.
(Bw [Vt Ja  [XN]ox |

s
21.69 | 13.05 1.0071| 0.803 | 2.844 | 249.7
48.9 | 55.371 | 0.902 | 0.8789| 4.07 | 228.5
130 70.193 | 1.0366| 0.8694 | 11.83 | 766.4
180 50.686 | 1.095 | 0.799 | 29.34| 717.1
226 145.484| 0.615 | 0.411 | 35.07 | 608.2

— T
¢ Experimental Data

Using SF model .1; m
10" § * Using Wood-Saxon Form 21.69] 12.623 | 0.82 | 0.559 | 14.64 260.2
g wt o : 489 | 25 0.8922| 0.84 | 7.191| 240.7
E Sir . S 1 130 | 33.316 | 1.4029| 0.55 | 4.36 | 811.4
- e o s P1EOMeVE 180 | 25.662 | 111 | 0.799 | 22.34 | 726.8

226 51.245 | 1.0103| 0.7902 | 8.926 | 695.8

1
48.9 MeV 4

1

1

Differential cross-sections, do/d Q

A flVSOMeVi
10° | 1L, 28c : . .

: —_— 4.2 - +<° S inelstic scattering
10% : : Figurest, 7, 8 and9 display the differential cross sections

4 j o compared with the experimental date?] of " by 285
el (27;1.78MeV) and(37;6.88MeV) at 130, 180, 226 MeV

o B e e B pion kinetic energies. There is a reasonable agreement

with the experimental datalP] except small shifts is
some positions.
Fig. 3: As in fig. 2 but for 7 scattered fron?Si. In figure®6, there is a small shift in the first minimum at
130 and 180 MeV. The resulted data at 226 MeV and the
corresponding experimental data have the same behavior
with a little shift in values.

In figure 7, there is a small shift in the first minimum
at 180 MeV and in the first and the second minima at 226

MeV.
strongly depends on energy and its values in the two casels figure 8, there is an overestimation at large angles
are so close at all considered energies. (8 > 65°) at 130 MeV and at small anglé® < 54°) at
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Fig. 4: The energy dependence of reaction cross sectiomfor
scattered fron¥8S calculated by SF model (solid curves) and by

Wood-Saxon form (dotted curves).
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Fig. 5: As in fig.4 but for 7~ scattered front89.

226 MeV and a small shift in the first and the second

minima at 180 MeV.

In figure 9, there is an overestimation at large angles
(6 > 55°) at 130 MeV and a small shift in the first and

the second minima at 180 and 226 MeV.

Tables 6 and 7 display the resulted values of the
deformation parameterf (compared to the values of
another study) and the deformation lengtd&z , dimag)

according to equationd.() and (L1).
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Fig. 6: The angular distributions of the inelastic differentiadss
sections forrrt exciting the 2 state of28S calculated by SF
model (solid curves) compared with the experimental daimfr
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Fig. 7: As in fig.6 but for 77~ scattered fron$89.
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Table 6: Deformation parameterf and deformation lengths
(Vreal s Gimag) from 1T + *Si inelastic scattering (21.78 MeV).
E T T s Ejap (MeV From [1
10° :r28s. + +*)283. * Experimental Data ] | b ( ) | £ | 5rez;ﬂT+ | Smeg | B 19 |
= i ! Using SF model
2 F 336.88 Mev 1 130 0.42 | 1.322 | 1.3266| -
E r 1 180 0.535| 1.7789| 1.8601| 0.4
3 226 0.685 | 1.2792| 2.0921 | 0.37
s r x108 1 T
10 130 Mev 3 130 0.395 | 1.6827| 1.2022 | -
3 180 0.495| 1.6684 | 1.8404| 0.38
10° E 226 0.52 | 1.5952| 1.4149| 0.35

Differential cross-sections, do/d Q

180 MeV ]
Ty, *e ]

Fig. 8: The angular distributions of the inelastic differentiadss
sections forrrt exciting the 3 state of28S calculated by SF
model (solid curves) compared with the experimental daimfr

[12]
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Differential cross-sections, do/d Q

28Si(r:f,rrf*)%Si ¢ Experimental Data_;

Using SF model

3';6.88 MeV

130 MeV 3

|

-
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Fig. 9: As in fig.8 but for m~ scattered fron?8S.

Table 7: As in table6 but for  + *° Si inelastic scattering
(37:6.88 MeV).

| Elab (MeV) [ B +| Oeal | Omag |

T
130 0.24 | 0.7554] 0.758
180 0.32 | 1.064 | 1.1126
226 0.685 | 1.2792| 2.0921
—
130 0.21 | 0.8946] 0.6391
180 0.29 | 0.9774| 1.0782
226 0.47 | 1.4418] 1.2789
5 Conclusion

[ht] Elastic and inelastic scattering of charged pions from
silicon have been analyzed using alpha-clustering single
folding model using Dolfin, Hi-Optim and DWUCK4
computers codes. We have obtained a good fit to the
experimental data for the elastic scattering of 21.69-226
MeV and the inelastic scattering of 130-226 MeV pions
from 28S. Our results of deformation parameter values
with studies estimated by others at 180 and 226 MeV of
positive pions confirm the success of our analysis. This
success of our analysis on silicon may motivate one to
apply this analysis on pions from other nuclei.
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