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Abstract

In this work we present the experimental results on the
tensor A, and vector 4, analyzing powers at 7,= 270 MeV for
the “C (d p)c’ reactlon in the angular range from 4° to 18°
in lab.

The data on the tensor analyzing power T, for the d d, p)X
and °C(d, p)” C"reaction at energy 140, 200 and 270 MeV and
at emission angle ®__ = 0" are also obtained.

The experiment was performed at RIKEN Accelerator
Research Facility (RARF), Japan.



Introduction

» The interest in the experimental and theoretical study of few nucleon
transfer reactions has been renewed in the past years mainly due to the
possibility to obtain information of astrophysical relevance from these
reactions. Alternative indirect methods, such as the asymptotic normalization
coefficient (ANC) method, based on the analysis of breakup or transfer
reactions, have been used as a tool to obtain astrophysical S-factors.

» Single-nucleon transfer reactions that probe the degrees of freedom of
single particles have been extensively used to study the structure of stable
nuclei. The analysis of such reactions provides the angular momentum
transfer, which gives information on the spin (j) and parity (77 ) of the final
state.

» Thanks to recent developments in radioactive beam production and in the
detection of light charged particles, transfer reactions can now be used to
investigate the single-particle structure of exotic nuclei.
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> The ( d, p ) stripping reaction has long been use as a means of
probing the single particle structure of nuclei. In particular, through
distorted wave Born approximation (DWBA) analyses it has been used
to determine the orbital angular momentum and spectroscopic factors
of specific states in the recoil nucleus.

» The d(d,p)’H and d(d, p)X processes concern to ONE (One
Nucleon Exchange) reactions. These reactions are the simplest processes
with a large momentum transfer, so they could be used as a tool to
study the deuteron structure at short distances. The polarization
observables of these reactions are sensitive to the D/S wave ratio in the

deuteron.
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A : D-room Polarimeter

B : Swinger Polarimeter

Figure 2.1: RIKEN Accelerator Reserch Facility (RARF)
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Vector (p.) and tensor polarization (p_) of deuteron
beam

The direction of symmetric axis of the beam polarization was controlled
with a Wien filter located at the exit of polarized ion source (PIS).

The deuteron vector (p,) and tensor (p_) beam polarizations with
respect to their cylindrically symmetric axis Z are defined by

pz=N+_N—
p.=N,+N_-2N,

where N, , N _and N,denotes the fractions of deuteron beam in magnetic
substates +/, -/ and 0, respectively. In this experiment, four spin modes
were used, whose ideal magnitudes of polarizations are
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Mode 0 (p,,p,,) = (0,0)

Mode 1 (p,p,,) = (0,-2)
Mode2 (p,p,,) = (-2/3,0)
Mode3 (p,p,,)= (1/3,1)

The mode 0 - unpolarized mode, mode I - pure tensor mode, mode 2 -
pure vector mode and mode 3 is mixed mode.

Results of measurements of polarization for three modes

p, + A P, + A
Mode 1 | 0.01852 + 0.00723 | -1.25646 + 0.02271

Mode 2| 0.55883 + 0.1868 | 0.09322 + 0.01185
Mode 3 | -0.24581 + 0.01429 | 0.76632 + 0.01608
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Detection and analysis

p—t'-uZ}
HWZ}

" RETDC
Correlation of the energy losses in the 1st and the 2nd scintillation

detectors and radio frequency signal of the cyclotron
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Ex :\/(Eo _EsN)2 _(Po _P3N)2 _MN

where

P, - the incident momentum,

E, =2M , + T, the total initial energy,

E,, - energy of the three-nucleon system,

P, - momentum of the three-nucleon system,
M, - the nucleon mass.
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CD, — C subtraction for the at 270 MeV. The open histogram corresponds
to the yield from CD, target, the shadowed histogram — from carbon target,
respectively.
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The reactions with excitation of levels of a nucleus °C

d+2C > p+ X

Ps =Py If - Do
Dy =\/T(T+2Md)
where

p,— the final momentum,
ff — field factor,
T — the Kinetic energy of incident particle,

M g the nucleon mass.
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Momentum spectrum for '>C (t_i , p)°C" reactionat ©_ =0° (140 MeV)
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Derivation of Analyzing Powers

The cross section asymmetries:

Y M YM —yield of the true events
S M - IM — integrated beam charge/deuteron charge

] MeM eM — (MWDC detection eciency)*(live-time

ratio of the data aquisition)

To obtain the values of the analyzing powers it is necessary to
determine the normalized cross section for the spin mode M (M=1,2,3).
It is expressed as

v SM - QOQOYM
Nexp — SM:Q - QMeMYo

A.Kiselev JINR / DSPIN-07, 3-7 September / /;- 11 -




Equations for analyzing powers

(N.(©,)=1+1p 4 (©,,)

A Ay mode:  TN2 (@,)=1+3p4(®,,)
N2,(©,)=1+3p’4,0,)+1pl4 (©,)
N.(®,)=1+1p. . 4. (®,)

N2, ©,)=1+1p 4.(©,)

A,, mode: i

at emission angle® =0":

Ty, =2 (A, + A,,) (for 200 u 270 Mev)

T,,=—2-A_ (for 140 MeV))
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Results

200_ ®-d"c > p °C g.s.
A “d%c —p " (3.089)
N #
A -d°C 5 pPC (3.6845+3.854)
-0.2 | A
0a] (A
100 150 200 250 Td, MeV 300

The experimental results of 7,, analyzing powers
for “C(d, p)°C" reaction at energy T,= 140, 200 and 270 MeV at
emission angle ©_ =0,
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The experimental results of 7,, analyzing powers
for d(d,p)X reactions at energy 7,= 140,200 and 270 MeV at

emission angle ©_ =0,
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The experimental results of cross section for “C(d, p)*C reaction at
energy 7,= 140,200 and 270 MeV at
emission angle ©_ =0,
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Summary

» The experimental results on the tensor A and vector 4, analyzing
powers at T, = 270 MeV for the *“C (d, p)lsC reaction in the angular
range from 4° to 18° in lab. are obtained.

» The data on the tensor analyzing power T,, for the 12C(a’ p)eC” .
and d (d p)X reactions at energy 140, 200 and 270 MeV and at emission
angle ®_ = 0" are obtained also.

» The experimental data on 7, for these reactions shows sensitivity to
the spin structure of deuteron.

> The negative sign of analyzing power T,,for **C (c? ,p)°C” and

d(d, p)X reactions and positive sing of 4 for 20(d, p)“C’reflect D/S
ratio a components of wave function of deuteron.

»> The tensor analyzing power 7,, has negative value as for binary
reaction as breakup reaction of deuteron. The reactions with excitation of
levels of a nucleus "°C have negative value also.
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Thank You

for the attention!



