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 Activation cross sections of (n, p) and (n, α) reactions were measured by means of activation method in the neutron energy range  

of 3.5 to 5.9 MeV using a deuterium gas target.  The irradiated target isotopes were 27Al, 28, 29Si, 41K, 51V, 61Ni, 65Cu, 64, 67Zn, 69Ga, 79Br,  
92Mo and 93Nb.  The values of the 29Si (n, p) 29Al, 67Zn (n, p) 67Cu, 69Ga (n, p) 69mZn, 79Br (n, p) 79mSe, and 69Ga (n, α) 66Cu reactions  

were obtained for the first time.  For the corrections of neutron irradiations, neutron spectra and mean neutron energies at the irradiation  

positions were calculated.  A systematics of the (n, p) reactions at the neutron energy of 5.0 MeV in the mass range between 27 and 92 were  

proposed for the first time. The systematics can predict the cross sections within an accuracy of a factor of 1.6.  
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1. Introduction
 A lot of experimental cross section data have been reported in the neutron  

energy of around 14 MeV.  On the other hand, there are insufficient data around 5.0  

MeV because there are few appropriate neutron sources for the measurement of 

cross sections.  

( Incident particle : d+ )

2. Experiment

:  KN-3750 Van de Graaff at Nagoya Univ. 

:  1-3.5 MV 

:  ~ 1 µA 

:  Deuterium gas target 

:  ~ 2    106 cm-2.s-1

Neutron irradiation facility 

Accelerating voltage 

Beam currents 

Neutron target

Neutron flux 115In(n, n')

d+ beam

D2 gas target

Polystyrene foam

Polystyrene capsule (0.1 mmt)
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Moniter foils (115In)

d+beam

 An expanded view around the gas target assembly.  The target chamber consists of a  

small cell made of aluminum and filled with D2 at 1.62 x 105 Pa. The samples were sandwiched 

between two indium foils of 10 x 10 mm square and 0.2 mm thick, and were put in the sample 

cartridge.  The indium foils of the 
115

In(n, n')
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In reaction work as a neutron flux monitor.
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3. Correction of background components

            Calculated neutron spectra at 20 mm from the end 

of a cell of a deuterium gas target for primary deuteron 

energy of 3.0 MeV.  The Monte-Carlo simulation is used.  

Ecut-off is neutron cut-off energy separating main peak and 

background components; Emax is maximum energy in the 

emission neutrons; φ(Ei) and σ(Ei) are neutron flux and 

cross section when emission neutron energy is Ei.
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(a)  Standard reaction used in this work

4. Results
(1) 27Al(n, p)27Mg (2) 28Si(n, p)28Al (3) 29Si(n, p)29Al (4) 41K(n, p)41Ar

(5) 51V(n, p)51Ti (6) 61Ni(n, p)61Co (7) 65Cu(n, p)65Ni (8) 64Zn(n, p)64Cu

(9) 67Zn(n, p)67Cu (10) 69Ga(n, p)69mZn (11) 79Br(n, p)79mSe (12) 92Mo(n, p)92mNb

(13) 69Ga(n, α)66Cu (14) 93Nb(n, α)90mY
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5. Systematics 

      The relationship between σn,p/(A1/3 
+ 1)2 

and (Eth + Vp), where σn,p, A and (Eth + Vp) 

are the cross section of the (n, p) reaction at 

an energy of 5.0 MeV, the mass number and 

sum of the threshold energy and the Coulomb 

barrier, respectively.  

[ Solid line : even-odd, odd-even ] 

  σn,p = 5.59    103(A1/3 + 1)2 

            exp{-1.30(Eth + Vp)} 

[ Dotted line : even-even ] 

  σn,p = 1.38    107(A1/3 + 1)2 
           exp{-1.93(Eth + Vp)}

The systematics of the (n, p) reaction 

at a neutron energy of 5.0 MeV

 We measured the cross section data of twelve (n, p) reactions and  

two (n, α) reactions in the neutron energy range of 3.5 to 5.9 MeV by using  

the D2 gas target. The systematics of the (n, p) reaction at a neutron energy 

of 5.0MeV were proposed for the first time on the basis of our data with 

simple parameters.  It can predict cross sections of the (n, p) reaction within  

accuracy of a factor of 1.6 in the mass range between 27 and 92.

6. Conclusion
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: Reaction was obtained for the first time
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