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Abstract ‘

The yields of tungsten isotopes were measured for the reactions 181Ta(\( s n’xn)lSI'XW forx =3,4,5,6,7, 8
and 9 at bremsstrahlung maximum end-point energies, E; = 60 - 1100 MeV and for 131Hf from the reaction
181Taty, 2*)18IHf at £y = 60 - 1000 MeV with the aid of radiochemical separation followed by y-ray
spectrometry. The attention was focused on tungsten yield measurements in order to check the agreement of the
yield values with the systematics obtained from previous studies. The results are discussed in terms of their
variatioﬂs with photon energy, the neutron multiplicity (x) and the neutron-to-proton ratio of the target,
(N/Z),. The yields of tungsten for the 181Ta(y » 7°xn) reactions were found to agree with the systematics except
for x = 4, which was lower by a factor of about 2. The present results were also compared with tﬁe results of the

photon-induced cascade-evaporation calculations using the PICA code developed by Gabriel and Alsmiller.

1. Introduction

A target of 181Ta is newly used here in our series of photopion reactions because of its
monoisotopic nature and its position in the periodic table. It is also of interest to investigate
whether the (y,™xn) reaction yields of 18173 are similar to the other targets such as 1751y,
197 Au and 209B; interms of the (N/Z) ratio of the targets, which systematics was constructed
in the previuos study. The main purpose of the present study is to determine the yields with x =
8 and x =9. It is also important to determine the multiple x data for the (y, x™xn) reactions with
x=1 to investigate the even-odd effect. We report here on the yields for the 181Ta(y, n-
xn) 181-XW (x = 3 - 9) reactions and the data are compared with the (N/Z); -systematics [3].
The yields of the 181Tagy, 7+)181Hf reaction are also measured in this work and are compared
with the values reported by Oura [5] in order to check A -independence of the (y, )



reaction. The present experimental results have also been compared with the results of
theoretical calculations with the PICA code by Gabriel and Alsmiller [7].

2. Experimental

Commercial metallic Ta plates of high purity (99.95% up) were irradiated with bremsstrahlung
beam from the 300 MeV electron linac of the Laboratory of Nuclear Science (LNS), Tohoku
University and the 1.3 GeV electron Synchrotron of the Institute for Nuclear Study (INS), The
University of Tokyo (now the High Energy Accelerator Research Organization, KEK, Japan).
The y-ray spectrometry of radionuclides of W and Hf was performed after their radiochemical
separations frorh the matrix activity Ta target. In the yield calculation the photon intensity was
monitored by 27Al(y, 2pn)24Na reaction for E5= 100 MeV. The photon flux was deduced to
be 108 to 109 equivalent quanta per second (eq.q./s). The photon intensity was also determined
from the 197Au(y, n)196Au reaction for Eo=100 MeV. The beam intensity ranged from
1011 0 1013 eq.q./s. Since the measurement of 173W (x = 8) and 172W (x = 9) yields are
very significant for the present work, we developed a rapid radiochemical procedure to
determine x= 8 and 9 product yields of the 1815 target for the first time. The chemical yield of
tungsten was determined graviametrically as tungsten. For Hf, the yiélds were determined

incomparison with the data by nondestructive gamma-ray spectrometry.

3. Results and Discussion

A. Yield Curves

The relative yields are plotted for x = 8 and 9 as closed squares in Figs. 2a and 2b. We have
drawn Eq-dependent yield curves of x = 8 as well as x =9 for the first time on the targets of a
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Fig. 1. Observed yields of W and Hf isotopes from 181Ta as a function of maximum end-
point energy. (a) - (b): Closed squares indicate observed the relative W yields. (c¢): Closed and
open circles represent the present and previous (Ref.5) data for 181Hf. Curves are drawn to

guide the eye. Arrows on the Ey-axes show the Q-values for the relevant photopion reactions.



wide range of mass number. On the Ey-dependent yield curves, it was observed that the
relative yields for 173W (x = 8) and 172W (x = 9) are almost similar to the absolute yield
curves [6]. In the present work, radiochemical separation of Hf from Ta was performed by
solvent extarction to measure the radioactivity of 181Hf. From the compérison between the
present and the previous data, it is described that the present yields of the 181Ta(y, n+)18-1Hf
reaction .are in good agreement with the previous results which demonstrated the A

independence in the (y, n%) reaction.

B. Mass Yield Curves

The yields of 181-XW  from 181Ta (y, 7"xn) reactions plotted against the number of emitted
neutrons (x) at 400 MeV are compared with the systematics yields [3] and the yields calculated
by Gabriel and Alsmiller [7] using the PICA coc_lé on the photon-induced cascade-evaporation.
The calculated values for the (y, 7™xn) reactions for x= 1 show an even-odd effect for products
; higher for the even mass (odd x) than for the odd mass (even x). The zig-zag feature is more
evident at lower Ej {1 - 3]. However, any even-odd variation is not seen in the experimental
results.The calculated yields for x = 3 are comparable with the experimental values within the
limits of errors. However, forx =4, 5, 6, and 7 at Ey = 400 MeV the values are higher by a
factor of 1 - 4 than the experimental values. The yield for x = 4 was found to be lower by a
factor of about 2 than the predicted systematics. One of the possible reasons of the
descrepancy may be the odd-even effect. The emission probability of y-rays of 177W (x = 4)
could be suspected for its complexity of nuclear decay diagram.
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Fig. 2. Measured and calculated (PICA code) mass yield curves for the 181Ta(y, n'xn)lsl'
XW(x=3,4, 5, 6, and 7) reactions at Ey = 400 MeV. The present data and the predicted
yield from systematics are represented by open circles and open triangles, respectively. Open

squares are from the PICA prediction.



C. (N/Z )t-dependence of mass yield curves:

In order to observe target-dependence of yields for the (y, ®7xn) reactions (x = 0 - 7), the yields
at 400 MeV are plotted with the systematics yields and the yields calculated by the PICA code
against (N/Z); in Fig. 3. The yields change systematically with respect to x and (N/Z);. Both
the observed and calculated yields for the individual reactions begin at a certain value of
(N/Z), increase rapidly with an increasing (N/Z); and reach a plateau at 400 MeV. The
present yields at 400 MeV for 181Ta(y, n‘xn)lgl'xw (x =3, 5, 6, 7) reactions are almost
consistent with the (N/Z)-systematics. But the yield for the 181Ta(\(, n'xn)lgl'xW (x= 4)
reaction is lower by a factor of 2 than the (N/Z)-systematics. The lower observed yield for x =
4 implies that there is a high possibility of lowering of the y-ray intensities of 177w (115 keV)
than the reported values. The PICA results underestimate the (y, m") yields by 35% as noted

previously, but overestimate the (y, x"xn) reaction yields for x= 3 by factors of 1.5 - 2.0.
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Fig. 3. Variations of the (y, ®x"xn) reaction yields with (N/Z); for x = 0 - 7 at E, = 400
MeV. Open triangles indjcate the present data together with the experimental yield values
(closed circles) for various targets in the reference [3]. The PICA calculation results are shown
by open circles.
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