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Abstract

The time differential perturbed angular distribution method

was applied to the study of high-Tc oxides. Spin rotation

signals of the '9F isomer(t=128 nsec) produced from oxygen nuclei

via 16O(a,p)19F were observed in various high~Tc oxides above

Tc. The internal field was determined with the accuracy of about

1%. This method is an alternative to the 170 substituted NMR.

The hyperfine interaction at oxygen site in oxide

superconductors is one of the most informative properties to

study high Tc mechanism. So far, the NMR of
 1 70 which substituted

°0 in the oxides have been reported. One of the alternatives to

the substituted NMR is the time differential perturbed angular

distribution (PAD) using the 1 9 F isomer, which was first

developed and applied to oxides with simple crystal structures

such as MnO, CoO and NiO.1'2' This method has an advantage in

that we can study both single crystals and polycrystals whose

qualities are fully certified by other experimental methods. In

the present paper, we report the application of PAD to the study

of high-Tc oxides.

The principle of this method is as follows. The 197 keV

isometric state of 19F(I-5/2, T = 128 nsec, Y=10.99 MHz/T, Q=0.11

barn) is produced by the reaction 0(a,p)19F with the pulsed a-

beam from an accelerator. This spin state is highly aligned

after the reaction, and its spin rotation in magnetic field

and/or electric field gradient can be traced as a time

distribution of the Y-rays. When the produced 'F is properly

substituted for the oxygen in the oxide, we can obtain internal

field at the oxygen site from the rotation pattern. In the case

of MnO,1' the results of the paramagnetic shift implied that 19F

is correctly substituted for oxygen.

In the present experiment, we used a single crystal of

( L a g 9 4 S r 0 . 06 ' 2 C u O 4 ' and s i n t e r e d pellets of

(La0.925Sr0.075)2CuO4' YBa2Cu3°7' Bi2Sr2CaCu208 and La2CuO4 as

the targets, which were thick enough to stop the o-beam with the
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energy of a few tens MeV from the SF cyclotron of the Institute

fc- Nuclear Study of the University of Tokyo. The temperature of

the targets was about 300 K , where all the samples were

paramagnetic. An external magnetic field of 1.31 T was applied on

the target perpendicularly to the beam-detector plane. The Y-ray

was detected by a pair of Nal(Tl) scinti1la tors (2" * x 1")

placed at ± 135 degrees to the beam. The time spectrum of Y-ray

with energy gates were accumulated on a computer. To see the time

spectrum along energy axis in detail, we also accumulated the Y-

ray histogram on the energy-time plane on another computer by

taking both values of energy and time for each Y-ray through a

parallel interface. We measured time spectrum of each target for

about 8 hours.

We optimized the energy of a-beam from the cyclotron to

achieve the best signal to noise ratio for the 197 keV Y-ray from

the P isomer. The main sources of the background Y-rays were

6 8Ga produced by the reaction 6 5Cu(a,p) 6 8Ga and the pair-

annihilated positrons emitting 511 keV y-rays which make broad

peak around 200 keV owing to the Compton scattering. We found

that the best S/N ratio was obtained at the energy of 21 MeV. At

this energy, the interval of the microscopic beam bursts was 133

nsec, inverse of the cyclotron rf frequency, and its width about

5 nsec.

Figure 1 shows an example of Y-ray count histogram on time-

energy plane for the Bi2Sr2CaCu2d3 polycrystal. The isomeric

decay and its spin rotation pattern was observed around the peak

energy of 1J7 keV. We observed similar rotation patterns in all

the samples. Using these data on the time-energy plane, we can

optimize the energy window for the Y-ray from the i somer. We show

in Fig.2a an optimized time spectrum of the ±135 degree counters

for the san.e sample. Here, we normalized the counts of Y -ray by

the total count of Y-ray in the delayed part. The data of the

asymmetry (N+-N_)/(N++N_) for the same sample is shown in Fig.2b.

The observed rotation patterns as shown in Pig.2b were fitted

to the formula

f(t)= Asin(2WLt + B) (1)

with A, B and UJL as fitting parameters. The values of the Larmor

frequency of the F isomer, w^, were obtained by the X -

analysis, and the results are given in Tab.1. They agreed with

the free frequency calculated from the reported value of the g

factor3' within the experimental error of about 1.5 % in all the

samples. A part of this error originated from the measured

strength of the magnetic field. The statistical error was less

than 1 %.

The fitted value of the anisotropy A was around 6 %, and was

almost one half of that reported in ref.2 for CoO. In the

present experiment, the anisotropy was reduced because the FWHM

width of each beam burst of the a -beam was about 5 nsec, which

was about one third of the half period of the rotation.

We also analyzed the rotation patterns (N+-N_) by fitting

to the formula

g(t)= Asin(2wLt+B)exp(-t/Tr) (2)

with A, B, c^, Tr as fitting parameters. After the X2 analysis,

we found that there is no difference in the relaxation time



among the samples within the experimental error as given in

Tab. 1, and that the values of Tr were slightly smaller than the

known life time of the isomer. The former result is quite in

contrast to the results of the u~SR in YBa2Cu307 at oxygen site,

where the rotation pattern in 0.6 T was missing, while it was

clearly observed in (LaxSr1_x)2CuO with the relaxation of

several hundreds nsec. ' The extra spin relaxation observed in

our measurement may have the same origin as that of u~ *"olaxation

in the latter sample.

In these analyses, we found no effect of nuclear quadrupole

interaction within the experimental accuracy. That is, the

measured quadrupole width of the samples is commonly nartower

than a few tens mT. The origin of the absence of the interaction

is unknown.

To conclude, we have shown that the in-beam perturbed

angular distribution method can be applied for the microscopic

study of high-Tc oxide superconductors. Though the accuracy to

fix the hyper fine field is inferior to that of the conventional

NMR at present, it will be improved by reducing the time width of

oS-beam and expanding its interval.
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Tab le 1. F igure Cap t ions

ID, (MHz) T r (nsec)

( L a 0 9 4 S r 0 0 6 ) 2 C u O 4

< L a 0 . 9 2 5 S r 0 . 0 7 5 > 2 C u O 4

La2Cu04

94.6 + 1.4

9 3 . 8 + 1 . 4

94 .3 + 1.3

94.1 • 1 .2

95 .0 + 1.4

92 + 30

100 + 27

B6 + 21

103 + 31

92 + 28

Fig.1 An example of y - r ay count h i s togram on the t ime-energy

plane. Data are shown for the Bi2Sr2CaCu2Og po lyc rys t a l .

Fig.2 (a)The opt imized time spectrum of the Y-ray from the

isomer in the Bi2Sr2CaCu2Og polycrys ta l for both counters ,

N+ and N_.

(b)Spin r o t a t i o n p a t t e r n , (N+-N_)/(N + +N_), of 1 9F in the

BijS^CaC^Og po lyc rys t a l .
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