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A Comment on the Collective Excitation in C*(p, p’)C*** Reaction
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Differential cross sections and polarizations are calculated for the inelastic scatter-
ing of high energy nucleons from the collective excited states of C'2, E...—4.43 Mev
2" T=0, 9.63Mev 3~ T=0 and 22.3Mev 1- T'=1, using one particle-hole and one
hole-particle amplitudes which are obtained by Goswami and Pal, and Gillet and
Vinh Mau.

In the framework of plane wave impulse approximation (P. W.I. A.), polarizations
are well reproduced, but cross sections are not.

§1. Introduction

Recently, according to the works of collective mode in the excited states
of nuclei, the excited states of light nuclei have been described by the method
of configuration mixing in terms of one particle-hole and one hole-particle
amplitudes.

Fallieros and Ferrell” indicated that in order to explain the enhancement
of electric multipole transition rate, one needs a correlation effect in the
ground state. The treatment of the ground state correlation was investigated
by Kobayasi and Marumori, Baranger and so on.?

Gillet 'and Vinh Mau® used a Gaussian potential for two body interac-
tion in nucleus and succeed to fit a lot of theoretical collective levels of
C"” and O" to the experimental ones. They referred to the case of taking
no account of the correlation effects in the ground state as approximation I
and the case of taking account of the correlation effects in the ground
state as approximation IIL

Goswami and Pal® used the Yukawa type for the central part of po-
tential with Soper exchange mixture for two body interaction. They de-
termined the parameters of potential to fit the calculated energy level of the
first excited state to the experimental one, E..=4.43Mev 2" T=0. They
investigated some other collective excited states of C'* and computed the
energy levels corresponding to experimental energy levels, Eex.=9.63 Mev
3" T=0 and E..=223Mev 1~ T=1, using this potential. Their theoreti-
cal values are somewhat larger than the experimental values, viz., the value
11.58 Mev has been obtained for the level 3- and the value 25.1 Mev for
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the level 1. The foregoing amplitudes and backgoing amplitudes of Goswami
and Pal for these levels are considerably different from Gillet and Vinh
Mau’s.

Gillet and Melkanoff® computed the differential cross sections of the
inelastic scatterings of C**(e, €)C'**, O"(e, &)O"* and Ca*(e,e’)Ca*** using
the amplitudes obtained by Gillet and vinh Mau. They have obtained results
which are in fairly well agreement with experimental data.

Haybron and McManus®, and Lee and McManus” exhaustively investi-
gated the differential cross sections and polarizations in the high energy nucle-
on inelastic scatterings from many levels in C™(p, p")C**, O*(p, p")O**
and Ca®(p, p")Ca** using the amplitudes of Gillet and Vinh Mau as well
as Gillet and Melkanoff. In their case, the energy of incident proton was
156 Mev and the distorted wave impulse approximation (D. W.I. A.) was
adopted. According to their results, D. W.1. A. was better than the plane
wave impulse approximation (P. W.I. A.) for the cross sections, but for the
angular distribution of polarization, the results obtained by D. W. 1. A. did not
agree with the experimental ones rather than the results by P. W. L A..

The main purpose of this paper is that assuming P. W.1. A. is a good
approximation and using the foregoing and backgoing amplitudes of Gillet
and Vinh Mau and of Goswami and Pal, we analyze the cross sections and
the polarizations of the inelastic scattering C**(p, p’)C*** E,=156 Mev from
the levels with Eox.=4.43 Mev 2* T=0, 963Mev 3~ T=0, and 22.3 Mev
1= T=1, and investigate what difference for the cross sections and polariza-
tion arises from the difference of Gillet and Vinh Mau’s and Goswami and
Pal’s foregoing and backgoing amplitudes.

We used the two body scattering amplitudes of Kerman, McManus and
Thaler® for the matrix element of two body interaction between incident
and target nucleons.

§2. Cross section and polarization

Using P. W. L. A,, the scattering spin matrix is given by
12 .
Tim =< u| %Moe—’q'r‘ [Z00), ey

where |%) and |¥;s) are the state vector of the ground state which in-
cludes the correlation effects and the state vector of excited state in C2,
respectively. M,, is the spin matrix of two body scattering which is caused
by the interaction between the i-th particle of C** and the incident nucleon.

In either case of Gillet and Vinh Mau and Goswami and Pal, the excited
state is created by operating a phonon creation operator on the ground state.
This creation operator is represented by the linear combination of one particle-
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hole creation operator and it’s destruction operator. Then, in order to use
their method, it is very convenient to consider >112; Mje~*¢" at Eq. (1) as an
oprator and to represent it by the method of second quantization. We write
it as follow,

12 . .
EMmeh“”"‘"’Q/: ZB<“|M€_"” [BYazas, )

where « and B are the quantum numbers, n(ls)jmrm., which represent the
j-j coupled single particle state. M is the spin matrix of two body scat-
tering which is defined by Kerman, McManus and Thaler. One can re-
present this M as the following:

M=M()+M(G)(r,-7),

M) =M + S M @b, (a=1,0,~1) ®
M) =M, + > M.(8)s.,
where 0= —% (o,+10s),
a=d,
1

61_.1: + 1/2— (O'n _idp) >

Mo (27) == Aﬂ + Cylﬂon \

Mi* ()= — %(cwr Byon—iFya), (n=r,0)
M%+ (77) = Eﬂaoq .
() = +% (Cot Byoon+iFas),

AVZ%(3A1 +A4,), As= —111‘(‘41 —4,), etc.

A, etc. and A, etc. are the scattering amplitudes of spin triplet and of spin
singlet respectively. These are defined in reference 8).

Using Eq. (3) for the two body scattering spin matrix, expanding e %"
in Legendre polynomials and substituting them into Eq. (2), we obtain the
following form for @’;

Q=34 [L] (~i) (M) 5 aljear) Y| Braias
+33ME (1) 3Kaljo(ar) Yick| atas

+34x[L] (=) [M, (6)§<w 7:(gr) Yo 33k (e () | Brazas

9T0Z ‘v AInC Uo Yd.Jeasay Jea[onp Joj uoireziuebiQ ueadoing - NY3D e /6.1o'seulnolploxosdidy/:dny woly pepeojumoq


http://ptps.oxfordjournals.org/

140 J. Koga and T. Takemiya

+25M (B)aZ‘3 {a|jilgr) Yion P AAQLAONDEAR

where a=n(lLis:)jimirim.,, B=n,(lss:)jamarsms, and [L] =2L+1.
Using Wigner-Eckart theorem for the j-j coupled single particle matrix
elements, we obtain more explicit form for @’;

= ;1/47r [LT (—* [Mo(T)gB(m (1151)j1 ”jL(qr) YL”nz(lzsz)jZ) (il 1”72)

_ \immythre—mey jl L jz T1 0 To +
X (=) (—m1 0 mz)(“‘?’ﬂn 0 _mz>aaag

=+ %ML* (T) ? (QpLO| ILM)D% (ny(Uss, ).7.1 ”JL (qr)y"”ng (1252)].2) (Tl ” 1 ” T2)

X (_)L+1—A+j1""1+71""'r1<_j1 A j2 >< n 0 T2 )a;aB]

my p Mo \— My 0 mr,

+ ;1/477-' [L] ( _i)L [M, (3)#2, T (O)E(nl (l1 (1151)].2”]'1.(‘17‘) YL”nZ(lz.S‘2)j2)

X(71”1"”1'2)(_)Il—mﬁfr'"”( 7 L ﬁ)( o 1/ b )a;aB

—my 0 m, —Mr, X Mg,
+ §M w(® ?7: 7 (0) 2 (1eLO| lLiu)g(m (Uis)llf(gr)pne(lase) 52)

X Cealley (—)saemsmema( S A )z 1o arg,

Ty p M)\ My Y My
€]

According to Goswami and Pal, the state vector for the excited state is
given by operating a phonon creation operator @* on the state vector of the
true ground state. Q' is defined by the following equation:

= ; A —SAD), (5)

where S,=(—)/"7TMr yx, and %, are a foregoing amplitude and a backgoing
amplitude, respectively, which are given in reference 4). A; and A, repre-
sent one particle-hole creation operator and its destruction operator, respec-
tively. % means changing the sign of M in %, where M is a quantum
number of z-component of total angular momentum.

The state vector for excited state is defined as follow

[¢]M>': Q+ I 700>, (6)

where %, is the state vector of the true ground state and satisfies a subsi-
dary condition @ |%g,)=0.
One can obtain a transition spin matrix;

T]M= <¢JM IQ’ |¢00>

=SV iIL] - M) 3, S n@iliten) VIR

w(is)7
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X (3I[11[3) (=) 2+ %) 81:8m00r083410

+SIME (DR AL01 L) 3 E/Zf (n(ls)jl7uCar) 7))

’I(IS)J

X (BII1]13) G+ <—>*+17>anamamam]

FSW AT (- M) 5 -G i) Y1)

(1=)J

X %}%&i ( ( - ) My + 7) 0720m00710m 0

FEME @O0 L) 5 -G )il 5

n( s):

(%”1'1”%) _\1 )
x B (e (- x)anamana”,o], )

where unbarred quantum numbers mean the particle state ones and barred
ones the hole state ones.

In the case of Gillet and Vinh Mau, a transition spin matrix is given
by

To= SV A LT (~0 M) 33 2 a)jlnar) Y1)

ﬁ(l: j

X (311113 (X34 Y3,)87:0500100mz0

+ SME (SO L1 3. E/; B n)ilia) w7

n(l:)]

x ([1113) (X5— Y;,-mamsmam,o]

+ W IRILT (—D] Mo(®) s 1(/2)L 2 n)iljuar) YR

% %(x;i + ij>6ﬂ3mo61‘18M10

+ M (DSILOLL| L1k 3 5/21 ’ ()il (g [ E)D
n( s J
L GIPID -
1/ (X -Y ,)3JA3Mu3115MTo] s (8)

where the meaning of quantum numbers are the same as those in Eg.
(7). Xj and Y3 are the amplitudes corresponding to a foregoing and a
backgoing amplitudes in the case of Goswami and Pal, and are tabulated in
reference 3).
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In either case, Gillet and Vinh Mau and Goswami and Pal, the differ-
ential cross section is calculated from the following equation:

[ 24 VR 1 e
o= (AL ) e LT (T T, )

where A is a mass number of target nucleus, %k, and %k, are the wave
numbers of the incident and the scattered nucleon in center of mass system,
respectively.

The angular distribution of polarization is given dy

(1/2)§Tr(Tma,, Tiu)
6) = (/D> Tr( T Ti)

(10)

The cross sections of nucleon inelastic scattering are calculated for the
excited energy levels Eee=4.43Mev 2 T=0, 9.63Mev 3= T=0, and 22.3
Mev 1- T=1 and shown in Figs. 1, 2 and 3, respectively. The polariza-
tions for these levels are shown in Figs. 4, 5 and 6, respectively. We used
b=1.64 fm for a range parameter of harmonic oscillator in accordance with

Gillet and Vinh Mau and also Goswami and Pal.

o (&) (mb/sterd ) 2

7 Cé'_( YRl
z 12 .
wsda3Mev (&) (mb/sterd ) o, P
Jo=2t 4r=0 . £a7963 Mev
6 — Gillet ond Vioh Mau X5 3} o 53 470
. 2 -
----- Goswami and Pal xZ —— Gillet and Vinh Mau
5t T Goswamt and Pal
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Fig. 1. Differential cross section for Ep=156 Fig. 2. Cross section for E»=156 Mev proton
Mev proton from E...=4.43 Mev 2* T=0 from E..=9.63Mev 3- T=0 state. The
state. The solid line is the result obtained solid line is the result obtained by use of
by use of Gillet and Vinh Mau’s ampli- Gillet and Vinh Mau’s amplitudes. The
tudes. The result has been reduced by dashed line is the result obtained by use
1/2. The dashed line is the result obtained of Goswami and Pal’s amplitudes. These
by use of Goswami and Pal’s amplitudes. result have not been reduced. Data are
The result has been reduced by 1/7. Data taken from reference 9).

are taken from Jacmart, Garron, Rion and
Ruhla®.
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Fig. 3. Cross section for E»=156 Mev proton
from E...=223Mev 1- T=1 state. For
the others, see Fig. 2.
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Fig. 4. Polarization for E»;=156 Mev proton
from E..=4.43 Mev 2* T=0 state. Data
are taken from reference 7). For the
others, see Fig. 2.

P&)
08 C2(p, #) G
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06 Gillet and Vinh Mau

~~~-= Goswami and Pal

Fig. 5. Polarization for E»=156 Mev proton
from E,.=9.63Mev 3- T=0 state. For
the others, see Fig. 2.

Fig. 6. Polarization for E»=156 Mev proton
from E...=223Mev 1- T=1 state. Data
are taken from reference 7).
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§3. Conclusion

In the case of Goswami and Pal, the sum of terms 2(jjL0)+(—)%T
x%(j7L0) contribute to the spin nonflip term in transition spin matrix, but
the sum of terms x(jjLx) — (—)**"Z(jjL—z) to the spin flip term in transi-
tion spin matrix for each excited state. For the first excited state, that is
Eexe=4.43Mev 2 T=0, the maximum value of the differential cross section
is estimated about 7 times larger than that of experimental one (Fig.1).
The maximum values of the cross sections for the other excited states, i. e.
Eezxe=9.63Mev 3~ T=0 and 22.3 Mev 1~ T=1, are also estimated about twice
larger than that of the experimental results (Figs. 2 and 3).

In the case of Gillet and vinh Mau, the sum of terms X3+ Y3 con-
tribute to the spin nonflip term in transition spin matrix, but the sum of
terms Xj— Y7 to the spin flip term in transition spin matrix. The maximum
value of the estimated differential cross section for Ees.=4.43 Mev 2 T=0
is twice larger than the experimental value. This fact has also been ob-
tained by Nishida'® using a form factor which is determined from electron
inelastic scattering cross section. The maximum value of cross section for
state Eeze=22.3Mev 1~ T=1 is also estimated somewhat larger than the
experimental one, but for state Eexe=9.63Mev 3~ T=0, the maximum
value of cross section is less than the experimental one.

The calculated values of the cross sections are considerably different
from the experimental one for the each excited state in both the cases, i. e.
Gillet and Vinh Mau’s case and Goswami and Pal’s case. This facts will
suggest us that if P. W.I1. A. is a good approximation, one cannot explain
the experimental cross sections by the use of one particle-hole and one hole-
particle amplitudes only.

The angular distribution of polarization for each excited state is repro-
duced well at the smaller scattering angular region than 40°, because the
form factor in spin nonflip term is very large compared with the one in
spin flip term. Therefore, in either case, the calculated polarization distri-
butions have almost similar angular distributions in each other cases and
are also similar to that derived by L-S coupling shell model. These polari-
zations reproduce well experimental one.
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