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ABSTRACT 

We measured neutron-induced reaction cross-sections for 89Y(n,2n)88Y, 
89Y(n,3n)87Y, and 89Y(n,4n)86Y reactions with the average neutron energy 

region from 15.91 to 36.29 MeV by an activation and an off-line γ-ray 

spectrometric technique. High energy neutrons were produced from the 
9Be(p,n) reaction with 25-, 35- and 45-MeV proton beam from the MC-50 

Cyclotron at Korea Institute of Radiological and Medical Sciences 

(KIRAMS). The neutron-induced reaction cross-sections of 89Y as a 

function of neutron energy were calculated using the TALYS 1.4 with the 

mono-energetic neutron. The present results for 89Y(n, xn; x=2-4) reactions 

are compared with the literature data and those from the TALYS 1.4. We 

observed that the individual reaction cross-section increases sharply from 

its reaction threshold to the energy where other reaction channel is opened. 

Then it remains constant for a while until the next reaction channel reaches 

its maximum. 



Outline 



Introduction 

Neutron-induced reaction cross-sections are important: 

1. Fundamental researches: 
• Nuclear physics 

• Reactor physics 

• Astrophysics 

 

2. Practical applications: 
• Nuclear technology 

• Dosimetery 

• Radiation safety 

• Development of radiation detector 

• Improving nuclear data libraries  

 

3. In a wide range of energies are important  for applications: 
• Design of radiation shielding 

• Calculation of absorbed dose in the human body during radiotherapy 

• Activation analysis 

• Physics and technology of fusion and fission reactors. 



Introduction(cont...) 



Experimental Setup at KIRAMS 
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MCNPX Simulation of 9Be(p,n) neutron 

spectrum at MC50 Cyclotron, KIRAMS 

P+Be/Ta neutron spectrum MCNPX Modelling 
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 Be 

Ta 

89Y 

Graphite 

High energy neutrons are produced in 9Be(p,n) reaction 

Irradiation of 5 mm 9Be target followed by beam stopper (Ta disk) 



Determination of neutron induced Yttrium 

Cross Section 

The 9Be(p,n) reaction on 9Be target is utilized for activation cross 

sections measurement 

Only reactions (n,2n), (n,3n) and (n,4n) of yttrium were measured 

The available experimental data of microscopic cross section for the 

reaction 89Y(n,2n)88Y and the reaction 89Y(n, 3n)87Y are from 

EXFOR data base. 

Since the nuclear data libraries are poor we have used TALYS code 

for calculation of (n,xn) reactions cross sections 



 The neutron beam was produced from the 9Be(p,n) reaction when 

proton beam hits a 5 mm thick Be target. 

 Protons passing through the beryllium target was stopped on the 

tantalum. 


89Y foil  (8 mm × 8 mm) wrapped with Al foil and positioned at zero 

degree with respect to the proton beam direction and placed a 2.8 cm 

from the Be target. 

 The Al wrapper is used as a neutron flux monitors. 

Experimental Procedure 

Experiment 

No. 

Proton Beam 
Irradiation 

Time (min) 

Yttrium 

Mass (g) 

Aluminum 

Mass (g) 

Tantalum 

Thickness 

(mm) 

Energy 

(MeV) 

Current 

(nA) 

1 45 200 30 0.0400 0.0298 1.05 

2 35 200 60 0.0423 0.0394 0.45 

3 25 200 60 0.0409 0.0435 0.00 

Experimental conditions and characteristics of samples 



Cooling time: 15.9 h 
Counting time:30 min) 



Neutron Flux Monitoring: Al Foil 

Reactions Half-life Spin-Jπ Decay mode Eth (MeV) 

14.95 h 4+ 1368.63* 

2754.03 
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89Y(n,2n)88Y Reactions 

Reactions Half-life 
Spin 

-Jπ 
Decay mode Eth  (MeV) 

89Y(n,2n)88Y 106.65d 4 
898.042 

1836.06 

93.7 

99.2 
β+ 11.61 



89Y(n,3n)87m,gY and 89Y(n,4n)86m,gY Reactions 

Reactions Half-life Spin-Jπ Eγ (keV) Iγ (%) Decay mode Eth (MeV) 

89Y(n,3n)87m,gY 79.8 h 

13.37 h 

1/2- 

9/2+ 

484.80 

380.79 

89.7 

78.0 

β+ 

IT 
21.06 

89Y(n,4n)86m,gY 14.74 h 

48.0 m 

4- 

8+ 

1076.64 

208.10 

83.0 

94.0 

β+ 

IT 
33.01 

T1/2 (
87mY)  <<  T1/2(
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Uncertainties 



Cross sections for 89Y(n,2n)88Y reaction 



Cross sections of 89Y(n,3n)87Y reaction 



Cross sections of 89Y(n,4n)86Y reaction 



Cross sections of 89Y(n,xn)88,87,86Y reaction 



Conclusion 


