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COMPILATION /MONGOLIA/ -since 2014  

◦ Heavy-ion (A>12)  induced reaction data (West 

European countries) 

◦ Mainly data measured at INFN/LNL, Legnaro, Italy  

◦ Not intensively but step by step (a month/article) 

◦ Good quality of the database (original numerical 

data) 

Officially  no  data  centre  responsible  for compilation  of  

heavy-ion  induced  reaction  data  measured  at  West  

European  countries. 

1. HISTORICAL BACKGROUND 
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◦ Assign entry number with D area  

◦ Send a paper  

◦ Numerical data (since 2015) 

– Compile entry  

– Questions ? 

 

– Modification 

– Correction 

– Insert num.data? Send an e-mail about 

modification/correction 

 

We have received numerical data for all cases (2014-2016) so far, and it 

helps us to  avoid  compilation of digitized data.  
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PROGRESS OF COMPILATION 
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COMPILATION @NRC D0799 



COMPILATION @NRC D0799 
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2. NUCLEAR RESEARCH CENTRE 

The NRC/NUM is an educational and research 

institution in Mongolia, which carries out basic 

and applied research in low energy nuclear 

physics. 

 

THE MISSION of NRC is to be the leading national 

institute that conducts both education/training 

and research to obtain new information and 

results, to develop new methodology and 

technology in basic and applied nuclear physics, 

and also to develop equipment and devices. 
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HISTORICAL BACKGROUND 

1956: First physicists sent to JINR, Dubna  for nuclear study  

1965: Nuclear research group (later Nuclear Research Lab) at the   

     NUM organized (Neutron generator is installed from JINR) 

1991: Electron Cycle Accelerator (Microtron) 22 MeV installed at the  

     Applied Nuclear Physics Section, Mongolian Academy of Science.  

1997: NRL/NUM & ANPS/MAS were merged and reorganized as the  

     Nuclear Research Center, NUM by the Government Resolution   

     No 1997/31.  
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HUMAN RESOURCE (academic staff) 

Positions   FT PT 

Director                            1 

Accountant    40% 

Scientific secretary                40% 

Principal researcher                    2 

Senior researcher              2 40% 

Researcher                       5 

Junior researcher               6 

Senior engineer                           1 

Engineer               1 

Co-researcher    4x30% ≈1 

Total               20 

Professor, Instructor & TA                            3+1 S
ta

tu
s
 o

f 
N

u
c
le

a
r 

R
e
s
e
a
rc

h
 C

e
n

tr
e

 



NUCLEAR RESEARCH CENTER 

NEUTRON GENERATOR 

  E=14MeV 

11010  sF



NUCLEAR RESEARCH CENTER 
252Cf-NEUTRON SOURCE 
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NUCLEAR RESEARCH CENTER 
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NUCLEAR RESEARCH CENTER  

MICROTRON MT-22  



NUCLEAR RESEARCH CENTER  

MICROTRON MT-22  



NUCLEAR RESEARCH CENTER 

CRYOGENIC INSTALLATION 

h

l
typroductivi

CT

8

1960







NUCLEAR RESEARCH CENTER 

 X-RAY FLUORESCENT  SPECTROMETER 
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NUCLEAR RESEARCH CENTER  

TOTAL REFLECTION X-RAY SPECTROMETER 



NUCLEAR RESEARCH CENTER 

DOSIMETER LABORATORY 

 TLD 

DOSIMETER 



NUCLEAR RESEARCH CENTER 

NUCLEAR DATA LABORATORY 



NUCLEAR RESEARCH CENTER  

LIBRARY  



NUCLEAR RESEARCH CENTER 

 
 RESEARCH FIELDS: 

1. BASIC NUCLEAR PHYSICS: 

- Nuclear reactions 

- Neutron physics 

- Nuclear spectroscopy  

2. NUCLEAR ANALYTICAL METHODS: 

- Neutron activation analysis 

- Photo activation analysis  

- X-ray fluorescence analysis 

3. NUCLEAR TECHNOLOGY 

- Radiation technology 

- Uranium technology 

- Nuclear power technology       

 

 

  

Geological, biological, 

agricultural, environmental 

(urban air pollution) samples. 

 

Pre-feasibility studies on nuclear 

energy utilization, uranium 

exploration and enrichment, 

HRD … 

Theoretical and experimental 

study of fast neutron induced 

reaction, photo-reactions,  

structure of light nuclei   



Basic Nuclear Physics 

1. Experimental Study of Fast Neutron 
Induced (n,a) , (n,p) Reactions  
(In collaboration with JINR, Dubna and Peking University, 
Beijing).  

 
2. Systematical Analysis of Fast Neutron 

Induced (n,a), (n,p) Reaction Cross 
Sections.  
 

3. Photo-activation Analysis.  
 

4. Theoretical Study of Light Nuclei Cluster 
Structure  
(In collaboration with Hokkaido University, Japan).  



1. Experimental Study of Fast Neutron Induced (n,a) 

Reactions 

Neutron Scource - > Van de Graaff Accelerators 

Neutron Monitor -> Long Counter and Fission Chamber  

Alpha detector -> Ionization Chambers  

Neutron beam hall at the 

Neutron Physics 

Laboratory, JINR, Dubna.  

Neutron beam hall at the 

Heavy Ion Physics 

Insititute. Peking 

University, Beijing.  

High pressure small 

ionization chamber 

Collaboration: Institute of Heavy Ion Physics, Peking University, Beijng. 

                            Frank Laboratory of Neutron Physics, JINR, Dubna.  

                            Nuclear Research Center, NUM, Ulaanbaatar  



Measured cross section of 

the 57Fe(n,a)54Cr reaction  

Measured cross section of 

the 63Cu(n,a)60Co reaction  

1. Experimental Study of Fast Neutron Induced (n,a) 

Reactions 



Experimental Results 

 
Measured Isotopes 

№          En (MeV) 

 

Nuclides  
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    145±14   161±16   159±20   

2 40Ca   156.4±8.9 173.2±9.5 179.8±9.9 197.8±10.9 207.3±11.6 216.9±15.0   

3 54Fe   0.76±0.25 0.36±0.17   3.25±0.43   12.86±1.13   

4 56Fe         1.05±0.23   5.1±0.7   

5 57Fe       3.11±0.34 4.69±0.47 6.11±0.61 7.27±0.66   

6 58Ni       47.4±5.0   75±16   95±20 

7 63Cu       1.69±0.17 3.40±0.32 5.01±0.47 8.35±0.80   

8 64Zn 11.8±1.1 59.6±3.6   79.1±5.3 70.5±4.0 75.8±5.5 70.8±7   

9 66Zn   1.75±0.20   5.38±0.59   10.05±0.98     

10 67Zn   7.4±0.9   7.6±0.9   8.1±0.9     

11 95Mo   0.7±0.07   1.22±0.12   1.70±0.17     



2. Systematical Analysis of (n,a) Reaction 

Cross Sections for En=4-6 MeV  

Theoretical and experimental (n,α) cross   

                 sections at En=5 MeV  

Experimental and theoretical (n,α) cross          

sections with α-cluster formation factor  

                  Wp/α=4.5 for En=5 MeV.  

  A

ZN
K

eRCn

5.0
2

2),(




 a

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

0.00 0.05 0.10 0.15 0.20

σ
n

α
(m

b
) 

(N-Z+0.5)/A 

En=5 MeV 

-theory
-experiment

1.E-02

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

0.00 0.05 0.10 0.15 0.20

σ
n

α
(m

b
) 

(N-Z+0.5)/A 

En=5 MeV 

-theory /(Wp/α=4.5) 

-experiment

En=10 MeV

1.E-01

1.E+00

1.E+01

1.E+02

1.E+03

1.E+04

0.02 0.06 0.10 0.14
(N-Z+1)/A

n
p
 (m

b)

Experiment

Comp+Pre+Dir

dir

np

pre

np

com

np

tot

np  

(n,p) Reaction Cross Sections for En=4-20 MeV  



Bremsstrahlung gamma-rays were produced on the electron cyclic accelerator microtron 

MT-22 at the NRC, NUM  

Ee =22 MeV 

Ie=3-5A 

= 1012 /cm2s 

 

The electron cyclic accelerator microtron MT-22  Gamma-spectrometer 

HP-Ge detector V=45cm3 

FWHM=2keV   

        at 1332.5 keV 

Irradiation time 

        was 130 min  

Measurement time 

         was 10 min 

Background measurement  

            time 1000 s 

Cu –monitor  

Au- 

Mo- 
samples 

3. Suggesting of New Method for Photo-activation Analysis  

 



Correction factor is the ratio of the effective integral cross 

sections for the reference and analysing isotopes  

The sample mass (or element content) 

If we use the same element for standard and 

sample:  

The Schiff Formula is used  

Where 

The Lorentz-Shaped Resonance Cross Section is 

used  

and  

Theoretical formula   

element content is determined without correction 

factor 



3. Suggesting of New Method for Photo-activation Analysis 

1 
Experimental 

correction factor  

The correction factor is determined by three methods: experimental, theoretical  

2 Theoretical  

correction factor  



31 

4. Theoretical Study of Light Nuclei Cluster Structure. 

a+a+n three body model is used. 

Hamiltonian 

r R 

9Be Forbidden states  

a+a -> potential  a+n -> potential   

Collaboration: Nuclear Reaction data Center, Hokkaido University, Sapporo 

                           Research Center for Nuclear Physics (RCNP), Osaka University 

                           Nishina Center for Accelerator-based Science, RIKEN 

                           Nuclear Research Center, NUM, Ulaanbaatar, Mongolia  

The Complex scaling method is applied.  

ikek momentum: 

irer coordinate: 
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Energy (MeV) 

P3/2 

Reaction Cross Section for the 9Be(1/2+)  The phase shift for the 5He system 

Virtual state 



 

Thank you for your attention ! 


