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) Natural Isomer 180Tgm

e Odd-odd Nuclel (Z=73, N=107)
 Proton rich nuclei (p-nuclel)

« Solar Abundance ; 0.012% (the rarest)
o Half Life > 1.2>< 10y

o E, =75keV

eHalf Life = 8.152h
oJi =1+



Network of nucleosyr
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) Nucleosynthesis of 180Tam

® D-ProCesSS in the pre-supernova phase of massive
stars or during their explosions as type- supernovae

Temperature ; 1.8  T[10°K] 3.0
Typical photon energy ; 300[keV]

181Ta(y, n)l8OTam

* S-ProCesS in the Low-mass AGB star
Temperature ; 2.9  T[108K] 3.3
Typical photon energy ; 30[keV]

179 Hf( B) 179Ta(n ’y) 180Tam
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Progress of the reactions  raly:n™Ta
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\ | 93keV y-ray 4.665%
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Laser Compton Scattering y—ray
(LCS)
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Experimental Set-up

STURAGE R|NG Pb Collimater

o Nal (TI)
" " - Jmim Scintillator
TERAS 200mm length W Noutron Detectors

Mirror

Ta, Au Targets
10x10%0. Tmm % 10sheets

Mirror

YVO, 2" Harmonics Laser
A= 532[nm]

50[jusec] pulse width
Power = 24[W]

Concrete Wall



Nd:YVO,
Q-Switch Laser
“INAZUMA”




Neutron Detectors

181
Target Sample **'Ta 3He Proportional Counter ><20

Neutron Moderator ; Polyethylene




A The measurements of
total photoneutron cross sections
with the direct neutron counting

° lSlTa(y’n)].SOTa y
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Nal(Tl) Scintillator Spectra
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LCS-v Energy Distribution

=7.58[MeV
1500 o~/ -58LMev]
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Irradiation time ; 5.67[hour]

Fraction | Avg.E, [MeV]
before | 0.950 10.77
after 0.986 10.98




Ring Ratio

Neutron Detector Efficiency
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Total Cross Sections

Fitting to Lorentz function

(13 data points ; 7.58<E, [MeV]<14.2)

tot : Gk
o (E):Z EZ E2 2
k=11+( o k)

E°T/

E, Resonance energy
O, Peak Cross Section at E,
I, FWHM
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The measurements of
partial photoneutron cross sections
with the photoactivation

181Ta(y’n)180Ta y

Ge Detector Target sample

Total Cross Section Partial Cross
Section M.n,(E)O(E)dE
Energy Lorentz Fitting
Function Partial Cross Section




(Ge Detector
Set-up

Activated Ta foils
on the acrylic cap




180Tags _, 180Hf  Electron Capture
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Ge Detector Efficiency

We obtained detection efficiency from Monte Carlo
Simulation Code “EGS4” and Experimental Data
with 24Am and 199Cd source.
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Data Analysis
for Direct Neutron Counting

[ n(E)o™(E)dE=——"
3n Nt' f 'gn(En)
n,,(E) The number of incident y-ray
o'°(E) Total photoneutron cross section
n, The number of scattered neutrons
N, Area density of the target
S,, Tneutron separation energy
£ ,(E,) Neutron detection efficiency
f Correction factor for yattenuation
in thick-target measurements

1—e ™

i
|1 Linear attenuation coefficient

f

t Thickness of the target material
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Data Analysis for Activation Method

Activation Phase %: N, L % (E)I(t, E)dE — AN(t)

N(t) The number of daughter nuclei

N, Area density of the target

S,, Neutron threshold

O%(E) Partial photoneutron cross section
I(t,E) y-ray Flux

A\ Decay constant of daughter nuclei

Decay Phase  [™4-N(t,)-e™ h-i-&(E,)dt =Yield

start

t Start time of the measurement
tsop Stop time of the measurement

h Emission Intensity of X-ray

I Self absorption of the targets
£(Ey) Efficiency of the Ge Detector
t.,. Stop time of the irradiation

tir
Yield - [ Kyt

n, (E)o® (E)E = —— e g
L N,-hei-a (B,)-(67 —e ™) [ K(-e”t

n, (E) = j; I(t, E) :j; J(E)K (t)dt




Partial Cross Sections o™

n,(E)o® (E)dE
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Ln n (E)o™ (E)dE = N -;n(En)

The case of 1°7Au
(Photoactivation — (O.99i0.015) (Jheutron counting

Systematic error for o™ : 4.4% (n,,:3.0%, £,:3.2%)



Experimental results, and
comparison with theoretical models
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The Solid Line ; Combinatorial NLD model
The Dashed Line : Statistical NLD model



Consideration for the
nucleosynthesis of 1%9Ta

* P-pProcess
1.8 T[10°K] 3.0; typically 300[keV])
180Ta 9
O—m
* P-process 180T3

179Ta



Summary

LCS-y 181Ta(y,n)8Tam
6 E.,,
180Ta
P-Process 180T3
Spring-8 SCW
180Tam(y’ n)179Ta

p-process
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