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Nuclear sciences and neutron research have long traditions in HuNuclear sciences and neutron research have long traditions in Hungaryngary
Great fathers:Great fathers:

••WIGNER JenWIGNER Jenőő
••SZILSZILÁÁRD LeRD Leóó
••HEVESY GyHEVESY Gyöörgyrgy
••TELLER EdeTELLER Ede

Nuclear Rector Facilities in HungaryNuclear Rector Facilities in Hungary
••Paks Nuclear Power Plant (4x500 MWPaks Nuclear Power Plant (4x500 MW--e)e)
••Budapest Research Reactor (KFKI, 10 MW)Budapest Research Reactor (KFKI, 10 MW)
••Training Reactor at the Budapest TU (0.8 MW)Training Reactor at the Budapest TU (0.8 MW)

Research Reactor Research Reactor –– Benefit for the societyBenefit for the society
••Support for the energy sectorSupport for the energy sector
••Research and radioisotope supply for healthcareResearch and radioisotope supply for healthcare
••Materials research for industry, lifeMaterials research for industry, life--sciences, nanotechnology....sciences, nanotechnology....
••Basic science, methodical research, technology transfer, productBasic science, methodical research, technology transfer, products...s...



KFKI campus



Reactor core

Cold plug

Tang. channel

Radial channels

T ~ 20 K

λ maximum  flux = 4Å

T ~ 320 K

λ max  flux = 1.2Å

Transition to 20% 
enriched fuel (2007-08)

225 fuel elements, 36% of 235U

NEW: Bagira loop



Liquid Hydrogen 
Cold Moderator



12 operative beam instruments



Investigation of objects of cultural Investigation of objects of cultural 
heriage PROVENANCE STUDY OF heriage PROVENANCE STUDY OF 

LAPIS LAZULI LAPIS LAZULI 

• A few geological occurances in the World
(Ural, Chile, Afghanistan, Lake Bajkal)

• Main mineral: Lazurit / (Na,Ca)7-

8(Al,Si)12O24[(SO4)Cl2(OH)2]

• AIM: Identification of raw materials, provenance of 
art objects

• PGAA: H, Na, Mg, Al, Si, K, Ca, Ti, Mn, Fe, S, Cl
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Characterisation of 
raw materials with 

PGAA

Fake identification with TOF-ND Fake identification with PGAA
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http://www.bnc.hu
contact: György KÁLI

kali@szfki.hu

Investigated
Bronze Age 

axes

25 mm

TOF - Time of Flight Neutron Diffraction
No sample preparation
Measurements possibility of large sample
Maximum illuminate surface on sample 2.5*10cm2

Minimum sample volume 3cm3

Single and polycrystal structure determination
Strain analysis
Texture analysis
Phase analysis

The appearance of precipitated 
cementite in medium and high carbon 
steel sword blades. In the high carbon 
content blade the cementite is also 
present in highly oriented phases. 



PGAA – Prompt Gamma Activation Analysis

PGAA facility is built on the external cold 
neutron beam of 108cm-2s-1

The beam size can vary between 
5mm2-400mm2

Non-destructive nuclear method for 
determination of bulk elemental 
composition.

Elemental identification is based on the 
(n, γ) reaction

All chemical elements can be measured, 
with the LOD of 0.1ppm-1000ppm

PGAA is extremly sensitive for H, B, Cl, 
Cd, Nd, Sm, Eu and Gd.

Spectrum analysis is done by 
HYPERNET-PC software, using our PGAA 
library

http://www.bnc.hu
contact: Zsolt KASZTOVSZKY

kzsolt@iki.kfki.hu
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Characterisation of Prehistoric chipped stone objects
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BEST QUALITY - BAROQUE (18th c.)
SiO2>75%, As2O3>0.2%

POOR QUALITY

GOOD QUALITY

EARLIEST - MEDIEVAL (14th c.)
SiO2<65%, BaO>3%

Characterisation of Baroque & 
Medieval glass objects



ATOMIC RESOLUTION 
NEUTRON HOLOGRAPHY



THE PRINCIPLE OF HOLOGRAPHY

OPTICAL CASE

O b j e c t

R e f e r e n c e  w a v e

O b j e c t  w a v e

D e t e c t o r

S o u r c e

P

Reference wave: AeiΦ; Object wave: aeiΨ

U(P)= AeiΦ + aeiΨ

I(P) = |a2 +A2+ aA[ei(Ψ-Φ) + e -i(Φ-Ψ)]|2 = 

= a2 +A2+ 2aAcos(Ψ-Φ)

Gábor Dénes,  1948, holography:

ολος (all) and γραφειν (write).



ATOMIC LEVEL HOLOGRAPHY
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Inside source concept

Detector

Incident beam

Inside detector concept Sample 
rotation 

neutron 
beam

 γ detector /neutron



MATHEMATICAL DESCRIPTION

( ))(1)(1)( 2
0

2
0

44
kkk χχ

ππ
+=⎟⎟

⎠

⎞
⎜⎜
⎝

⎛
+= ∑ R

I

j
jR

II

Object beam

Reference  beam Background

Hologram

negligible

⎥
⎥
⎦

⎤

⎢
⎢
⎣

⎡
+ℜ+=+= ∑∑∑

2

4

2

4
)())((21)(1)( 2

0
2

0

j
j

j
jR

I

j
jR

I aaaI kkkk
ππ



Holographic instrument
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PbCd



Inside detector

SnCd alloy



• Inside source concept

Detector

Incident beam



Inside source

NH4Cl



Secondary 
neutrons



Secondary 
neutrons

Incident 
beam

Internal source

Internal detector

Double 
reconstruction



Scattering scheme
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Signal – to - noise ratio increases by a factor of two.

The „parasitic” components appears in second order



PdH
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Pattern Recognition
Biology!!!

Basic 
pattern

Complex body
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ion

wavelength   
(Ả)

cos(kr)/r

Palladium(
PdH)

5.91 41 H-Pd: 
3.37 Ả

7 1.18 Ả 0.18

Hydrogen(
PdH)

-
3.74

- 37 H-H: 
2.75 Ả

10 1.18 Ả -0.17

H (NH4Cl ) -
3.71

- 37 H-H 
:1,68 Ả

10 1 Ả -0,26

N(NH4Cl ) 9.36 37 H-N 
:1,03 Ả

4 1 Ả 0.95

SnCd 6.22
5

19 Sn-Cd 
:3.02 Ả

3 1 Ả 0.33

PUZZLE



Thank you for your attention!Thank you for your attention!

László CSER
Research  Institute for Solid  State  Physics and Optics 

of the Hungarian Academy of Sciences
(Budapest Neutron Centre)
Email: cser@mail.kfki.hu
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