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Development of On-Line Perturbed Angular Correlation *

ZHU Sheng-Yun(47J} =)', ZHU Jia-Zheng(44£H)!, T. Minamisono?, K. Matsuta?, XU Yong-Jun(5 5 %)!,
M. Fukuda?, M. Mihara?, WANG Zhi-Qiang( ¥ #%&5#)!, CUI Bao-Qun(f£{##f)!, RONG Chao-Fan(%#8 ML)*,
CHU Cheng-Jie(fi i 75)!, CHEN Jun([%%5)!, LUO Hai-Long(%%# ), ZHENG Yong-Nan (¥ 5)!,
ZHOU Dong-Mei (J 4 Hf)*

! China Institute of Atomic Energy, P.O. Box 275-50, Beijing 102413
2Graduate School of Science, Osaka University, Toyonaka, Osaka 560-0043, Japan
(Received 11 March 2002)

The on-line time differential perturbed angular correlation technique has been developed for the first time. The

quadrupole interaction of 1°F in Cd was measured.

PACS: 23.20.En

The time differential perturbed angular correlation
(TDPAC) has been known for half a century. The con-
ventional TDPAC measurement is divided into two
steps. Firstly, probe nuclei are introduced into the
sample in question by nuclear reactions at an accelera-
tor or reactor, implantation, diffusion or alloying. Sec-
ondly, the sample is removed from the vicinity of probe
introduction for the TDPAC measurement. This is
called the off-line TDPAC. So far, no on-line TDPAC
(TDPACOL) has been performed. For a long time, re-
searchers have wished to develop TDPACOL that has
a strong background of potential use in industry and
medicine as well as applications in nuclear physics,
condensed matter physics, and lifetime science, etc.

In this present work, we aim to develop a TDPA-
COL technique. The key point is to have short-lived
mother nuclei with a lifetime of several tens of sec-
onds or less. We have found a suitable mother nu-
cleus 120 having a half-life of 26.9s and decaying to
the daughter nucleus '°F that is a nice perturbed an-
gular correlation probe. This pair of nuclei ?O/1F
was used by Phillips et all!! to determine the magnetic
moment of the intermediate state, YF(I" = 5/2%,
Ty = 89 ns), by the off-line TDPAC. In their ex-
periment the 'O nucleus was produced by irradiat-
ing an HF target with neutrons from the cyclotron
and then removed from the vicinity of the cyclotron
for the TDPAC observation. The intermediate state
YF(0.197 MeV:I" =5/2%, T ;5 = 89 ns) was also used
in the time differential perturbed angular distribution
(TDPAD) measurements.[?3] Here we develop a TD-
PACOL technique with this unstable nucleus °O. As
an example, the first TDPACOL experiment has been
performed to determine the quadrupole interaction of

9F in Cd.

The TDPACOL technique is based on an accelera-
tor that delivers a pulsed beam. The beam line of the
TDPACOL is schematically shown in Fig. 1. The tech-
nique consists of the production of probe nuclei and
the in situ measurement of perturbed angular corre-
lation.

The °0 nucleus with a half-life of 26.9 s was pro-

duced through the nuclear reaction '*0(d,p)'?O using
a 3MeV deuteron beam from the 2 x 1.7 MV tandem

accelerator at the China Institute of Atomic Energy
(CTIAE).[ The YO-producing target was a Ti'8O,
target of 100 ug cm ™2 prepared by oxidizing a 0.5 mm
Ti plate with 80. The '°O nuclei that recoiled out
of the target at the angles between 32° and 48° with
respect to the beam direction defined by a Cu collima-
tor were implanted into the ¢$20 mm x0.5 mm sample
in question. The recoil nuclei were almost homoge-
neously distributed in the implanted layer of 1-2um.
The '°0 nucleus decays to the excited states of °F
that successively de-excites to the ground state by a
~-7 cascade emission of 1.357 and 0.197 MeV via the
intermediate states (1.554 MeV, I" = 3/2%, Ty, =

3.5 fs) and (0.197MeV, I" = 5/2F, T, /5 = 89ns).
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Fig. 1. Schematic view of the beam line for on-line time
differential perturbed angular correlation at the CIAE
2 x 1.7MV tandem accelerator: 1, ion source; 2, analysing
magnet; 3, beam chopper; 4, 2 X 1.7MV tandem; 5,
quadrupole lens; 6, beam steering; 7, switching magnet;
8, beam profiling sensor; 9, slits; 10, collimator; 11, TD-
PAC chamber; 12, detectors; 13, turbo molecular pump).
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Fig. 2. Time sequence for an on-line time differential per-
turbed angular correlation measurement.

*Supported by the National Natural Science Foundation of China under Grant Nos 19835050 and 19935040, and in part by the
Japan Society for the Promotion of Science and Natural Science Foundation of China for the Joint Research Project under the

Japan—China Scientific Cooperation Programme.

(©2002 Chinese Physical Society and IOP Publishing Ltd



916 ZHU Sheng-Yun et al.

Vol. 19

The deuteron beam was chopped to a pulsed beam
of 60's duration and 150 s repetition interval. The °O
nucleus was produced in the beam pulse duration of
60 s. After 10s from a beam pulse the TDPAC mea-
surement started and lasted to the next beam pulse.
During this waiting time of 10s, unwanted shorter-
lived nuclei decayed out. The data acquisition was
blocked in the beam duration and the waiting time,
as schematically shown in Fig.2 by the drawn time
sequence program of TDPACOL.
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Fig. 3. Schematic diagram of the experimental set-up for
an on-line time differential perturbed angular correlation
measurement.
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Fig. 4. Spin rotation function measured by on-line time
differential perturbed angular correlation for '9F in Cd.
The dashed line indicates the fit to the data.

A standard four-BaFs-detector system was em-
ployed for the TDPAC measurement, in which the nor-
mal fast—slow coincidence electronics was adopted (for
details of TDPAC, see Ref. [6]). Figure 3 schematically
shows the experimental set-up for the on-line time dif-
ferential perturbed angular correlation measurement,
the time resolution of which is generally 0.5ns. The
TDPAC measurement was carried out on the 1.357
and 0.197 MeV cascade of 1°F implanted into the sam-
ple. Great care should be taken to prevent the «y rays,

which originate from the Ti®O, target and Cu colli-
mator, from entering the detectors

The first TDPACOL measurement has been car-
ried out for ?O/19F in a well-annealed polycrystalline
Cd at room temperature. The 2O nuclei were recoil-
implanted into the Cd of $20 mmx0.5 mm. In a one-
way coincidence measurement, i.e. two detectors reject
one of the two «-rays, four coincidence time spectra of
N (0,t) were obtained for 8 = 90° and § = 180°. A nor-
mal spin rotation function R(t) was formed with the
four background subtracted coincidence time spectra.
The experimentally measured R(t) for °F in Cd is
shown in Fig. 4.

The least-squares fitting of the experimental spin
rotation function with a theoretical formula

R(t) ~ A2Ga(t) = A2 Y Sap cos(nwot) (1)

gives the quadruple interaction frequency wyq
= 17.12Mrad-s”! and coupling constant vg =
eQV..(1°F) /h = 18.16 MHz. Using the presently
known quadrupole moment °F (Q) = (0.11 + 0.02)
b for the 0.197 MeV state (I" = 5/2%, T/, = 89

ns),l”) the electric field gradient (V,,) was determined
to be (6.8 & 1.4) x 101" Vem 2. This value was com-
pared with the theoretical value given by the ab initio
band structure calculation in the framework of the
Korringa—Kohn-Rostoker (KKR) method.[®] The the-
oretical value of V., = 6.17 x 1017 Vem =2 for 1°F in a
substitutional site of Cd agrees well with the present
experimental value. On the other hand, if we assume
the reliability of the theoretical V.., the quadrupole
moment of @ = (0.121 + 0.005) b was obtained for
YF(™ = 5/2%, T1/2 = 89 ns), which is consistent
with the known value (0.11 £ 0.02) b measured by
Sugimoto et al.l]

In summary, the on-line time differential perturbed
angular correlation technique with the °F probe has
been developed for the first time. The quadrupole
interaction of '°F in Cd has been measured. The ob-
tained electric field gradient is in good agreement with
that given by the KKR calculation and the deduced
quadrupole moment of ¥F(I" = 5/2%, T /5 = 89ns)
is consistent with the previously measured value.
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