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CHAPTER 1. INTRODUCTION 9
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Figure 1.4: The de ndence of the observe s ¢ pure rei ag values. where ag

preser s the relative strength of the oscalar spin-c  endent interaction (V) to the
exchange tensor interaction ).

The isoscalar M1 transitions are mainly mec ate by 17 throngh the knock-on ex-
)

change amplitu s 3. 29]. If we neglect the contributions from the central interactions

(ap — 0) as an extreme case. we obtain
2 1
Dgs = o and Dy, = +§ (when ag — 0) . (1.14)

But in reality. the isoscalar central spin-dependent interaction (1) also contributes to
the transitions. By measuring the PT observables for e isoscalar M1 tran ions. the
strength of 1, can be deduced relative to at of V.1 which is determined from the study
of the isovector M1 trausitions. The dependence of the PT observables on pure real ag
is plotted in Fig. 1.1, One of the purposes of this work is to empirically determine the

strength of 15,
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. . . L . . . Dy . . .
spin-isospin decomposition of the excitation strength on "2C s performed. Concluding

remarks are eive in Chap. 6.
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CHAPTER 3. DATA REDUCTION AND ANALYSIS 0.

1<

[t is becanse the analvzing power Ay and the induced polarization I’y is zero at 0° 1u
Eq. €22, At small scattering angles. Ay aud Py can be approximated to be proportional
to the scattering angle. Therefore. if Eq. €22 is averaged in a finite solid angle which
15 svimetric around 0%, the averaged polarization of the scattered particles completely
flips in the first order of the maximun scattering angle. The spin-flip condition can be

written i e form

/),l, = . (3.20)
(,‘)L = 7T+ o’)ll, . (3.21)
T cn we obti
. " do . I
N o= (/SZ—](V—)((J( A =pr4,(0)sin(o — o, (3.22)
v (1)L
[~ .
= A0S {1 p A, 0)sin(o — o) (3.23)
Jo d ' re
_ A\r]l). (3.24)
an s alarly
Nyo= N) . (3.25)
The fc Hwing equations can be  »duced:
Asvm’ = Asm! = —Asm! . (3.26)
Asvi/
pe = pl=—pl=_—= (3.27)

Th  the sidewav component of t+ polarization can be determined from the above anal-
vsis even if the vertical polarization of the scattered particles is non-zero. 7.e. the vertical
polarization of the heam is non-zero. This is one of the properties of the measurement

at zero degc ces,

In order to choose the most efficient mtegration arcas. U and Do we examine fignre of

merit (FON). The FONM is defined as [5.

FOM = y((4,)r)7
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CHAPTER 1. RESULTS 65

Table -1.G: Svstematic uncertainties (AD;;/D;;) of the measured PT observables.

analvzing power of the BLD 5 U
effective analvzing power of the FPP 3 %
bending angle of the spectrometer 2 %
total 6 %

The uctuation of the PT observables clative » thelr magnitude was less than 2%
for the uncertainty of the en ng angle £ the spectrometer (£0.2°). The  ncertainty of
the e cctive analvzing power of 10 FPP was estimated by the nncertai v of e input
paral ter of the p4 e asive analv: 1g ower. wl h devie s 3% depending on the

data base.

ﬂ









CHAPTER 4. RESULTS N

17 T=0 (15.1 MeV)
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igure 4.5: Measured PT observables 1 the excitation of the 17, T=1 state at 15.1
MeV e plotted by solid cireles with statistical uncertainties. The experimental data
¢ plotted at the average scattering ang » in the acceptance of the spectrometer. Solid
lines shows the  rediction of the DWIA calculations using the FL interaction described
in Chap. 5.
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Figure 5.6: PT observables by DWIA caleulations with uwnmodified and modified PF
interactions for excitation of the 17, T=0 state. The curves are caleulated with unmodi-
fiecd PF interaction (dotted). modified by Sakemi ¢t al. (dashed). modified by the present
work (solid). In the left pancl. the upper (lower) curve represents Dgg (D vy ).
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I mure 5.7: For excita om of the . T= state as Fig. 5.6.

Modified by Sakemi et al.
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Figure 5.8: Real part of the tensor interactions. V) and V7 as functions of the momentum
transfer. The ¢ ves ave calculated with unmodified FL interaction (dotted). modified FL
mteraction by Sakemi ef al. (solid). inmodified PF interaction (dashed). and modified
PE mteraction by Sakenii of ol (dot-dashed). The arrows represent the momentum
transfer relevant to the knock-on exchange amplitude. Note that V' was nnmodified
while 177 was modified in Ref. 21.
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Table 5.4: Results of the modified interaction. in which the real V,; interaction was fitted
to reproduce the PT observal s for excitation of the 17, T=0 state.

Int.  Term  Range (fn) Onriginal Modified
FL  15F 0.550 =20z 21E402 -2.13E+02
FLL 11k 0.550 1.21137E401  1.56E+01
FL. 179 0.550 -9.72663E402 -9 +02
FL 171© 550 -5.962911 R +01
PF 17E 1.419 -1.650. oE+01 -1 +01
PF 1R 119 -1.3798GE+ -1 +01
PF 1780 149 3.93610E+ . 3 +01
FooVro 1.449 1.91! +00 2 + )

Present Work
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Figure 5 2: NModified 15 strengths versus the momentum transfer compared with the
unmodified strengths. The notations are same as Fig. 5.10. The arrow represents the
momentuin transfer relevant to the direct interaction.










































APPENDIN B. SPIN PRECESSION IN A MAGNETIC FIELD

hecomes

Pl - P,
1)/4” = /R.u(éll)) 1):,
Vi P
0.9914 0
M= RJ(0)R,(6)M ~ 0 0.9995

—0.0021 0

The result is rei Hnably consistent with the rough estimations by by 1

(C'.20).

96

(BB.8)

. (C19) and
























APPENDIN ¢ CORRECTION FOR FINITE ANGLE SCATTERING 1O

[ Focal plane polarimeter (FPP) coordinate |
e L” is taken along the momentum k.

e Determine a and 3 which satisfy the equation:

/ {

| =

7

L" =R,y (a)Rm(3)2" (—= <a< —— <3< o). (C'.5)

5 ¢ ¢

[NURE
o =
NCRIE
Y

t

where R;(¢;) 1s the three-dimensional rotation 1atrix along the /-axis.

e S" ¢ d .. are dc 1ed by us g the rotation matrix which relates 2" to L” as

S" = Ry(a)R.(3)x".

"= Ryla)Ra(3)y". (C.6)

¢ horizont: angle an  the vertical angle from the z7-axis at the Hcal e are

fined as

—k
tanf, = ,,,A.”‘l .
l\,/l~
r Yy -
tano, = . (C.7)

0! (o)) at ¢ focal plane is related to 65 (&) at the reaction target. by the first order

lon-optical paramet s as

1
0 = (0')0)0, = .
o= 08 = s
f)/_ — ;/ jg = g 7‘.8
o, (o']o) o, - o8 0, (C.8)

C.3 Polarization of the beam in the reaction coordi-
nate syst m

The polarization of ¢ heam in ¢ coordinate  stewn fixed to the reaction plane is
expressed by that in the coordinate svstem fixed to the experimental room as.

])5 1}‘,.
JZAN — R(()) /)1/

P 1
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where DEE and DY are defined as

5o [ A7 () ( Dy cos> o + Dy yrsin® o)

D("m: = ds) '
o0 [ d242.(0)
At D,
o — ), I« , "“E,n) LI (C.26)

The suffix “cor” represents an averaged observable which can be compared with the ex-
perimental results. DG or - presented in Chap. 4. The integrations should be taken
in the range. |sinf cos o|=60*< 00° and |sin @ sin ¢|=0M**<2.98° for the comparison
v hothe experin 1 drer s The average  total spin transfers are obtaine from D¢
an 9 by

32D+ )

= | S L27)

scor
AV















APPENDIN D. DATA ACQUISITION SYSTEN 115

svstem was 4 to 6 kHz and the dead time was 10 to 20 % It corresponds to the data

transfer rate of 500 to 1.000 KBvtes/scc.

The development of the new data acquisition svstem was reported in Ref. 48, 19]. The

author is grateful to R. Fox for valuable discussions.
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