t

s

s

asa

tjuk az atomok mozg

e

s

nl

I

in,
.,. » y.ﬁ;'?dva

gev

1
la

tronok
|at]
gasa
go

V4

uk az ato

e Lan

Grenoble

=
=

L

=

moz

VL
==
LH

aszo neu

—

R o)
WL re)

e =

; | Y

al

ST A sy
e



F
V7 [ &
MEUTROMS

= Szucsan Andras
fizikatanarom emlékére

1935 -2013

Farago Bela: Kurkaszo neutronok, avagy hogyan latjuk az atomok mozgasat
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FOR SCENCE Hogyan keletkeznek neutronok....

n! + U235 = 2 hasaddsi termék + 2,5 n! + 200 MeV

nuclear fission

Példa: 60 MW kutaté realtor

60 x 106 Watt
200 MeV/hasadads

2 x 10 hasadds/mdsodperc

5 x 108 neutron/sec generdlédik a teljes reaktor-térfogatban
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1942 december 2. Az els6 tartds lancreakcié  Chicago

Szilard Compton Fermi Wigner
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Nuclear Reactor

\\ Zones
I‘i,:, =) Sandstone

.rl s =) \\

Sandstone

Ore Layer

Az Oklo-jelenség (Gabon): természetes atomreaktor

1972-ben nyilvanossagra hozott tenyek:
helyenként: 1,5 X 102" n/em? (ILL 10151)
.... 1800 millic evvel ezeloit

Forras:

IEAE INTERNATIONAL SYMPOSIUM
ON THE OKLO PHENOMENGN

LIBREVILLE, GABON, JUNE 1975

Remains of zone 2

Farago Bela: Kurkaszo neutronok, avagy hogyan latjuk az atomok mozgasat




[/ {
MEUTROMNS
FOR SCIENCE

Az ILL alapitasa

1964-ben lett javasolva
1967 alapitottdk, koltségvetési alapbal
Franciaorszag és Németorszag
- Luis Neél és Heinz Maier-Leibnitz
kritikus 1971-ben
elsd kisérletek 1972 - 58 MW

Németorszdg + Franciaorszdg,
majd Nagy-Britannia 1973-14l

Svdjc 1988

Oroszorszdg 1996
Olaszorszdg 1997
Szlovakia 2005 Magyarorszdg 2006...
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o A neutron

FOR SCIENCE
U N | \4 E R S

CARTE D'IDENTITE

Nom : Neutron Charge
électrique :

neant

A szabad neutron elettartama ~ 700 sec
bomlas: =) proton, elektron €s antineutrino

Né le : BigBang +10%s
Taille :10'°m
Masse : 15675x 10%kg

Signes particuliers:

«ond2 et particule

FEprsE B4

* moment dipolaire alectigue nul ()

= mornent dipolaire magrétigue -1.813 magnéton nuckaaire
“immaortel dans le noyau des atomes mais morte si non i

Domicile : etolles et noyau des atomes<<s<<s<s<<s
Profession : particule constitutive de la maticre

A hitoviz a neutront is lelassitja.....
Sok-sok rugalmatlan Gtk6zéssel

1
E—Emv P-mv-/ﬂ

MeV = 25.2 meV (20°C) © 1.8 A © 2198 m/s
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17 Mert neutron-spektrum (FRM-II MOnchen)
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energy E | meV
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E; ' ——tharmal source (SR5) : Moise Thermmometet
: -=- cold source (SR 1) b
5 L]
Eh,_l —=—hot source (SR9)
3 Double Wal
10
=Zraphite
L]
1|: -
wavelength A ' A
- Insulating Felt

Meleg forras

Hideg forras 2000 < (gredit

20 K (D2)

Farago Bela: Kurkaszo neutronok, avagy hogyan latjuk az atomok mozgasat




7/ §
NEUTRONS
FORSCIENCE

Reaktor dupla hej

neutron-nyalabok
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- “Csak a kezemet figyeljek, mert csalok”
- A Fourier-transziormaciot most nem
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POr-aiiirakcio => csak a Jol orientalt szemecsek szornak
- } 1diracied

cone
d:diffracted

Debye-Scherrer

° experimental
calculated

_ intensity
—— difference plot (exp - calc)

| Bragg positions

neutron counts
neutron counts

background

415 42.0
scattering angle 20 [7]
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T
Files: Hansen9:Applications: JFull Prof:nacalf:2 1045 1
Date of fit: 2#o+00x 1839400

[13744 120° 27 Ge 117 2mn NalCa3ADF 14 E
- v .
gL Chi2 = 406 3

Tniensity
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r_ng—:w Jgflr/fb :

Brightness & Fluxes fr Neutron &
X-Ray Sources

Brightness  dE/E Divergence
(s"m?ster’) (%) (mrad®)
Neutrons 10" 2 10x 10

Rotating 10'® 3 05x10
Anode

Bending 10%* 0.01 0.1x5
Magnet

Wiggler 10%° 0.01 0.1 x1

Undulator 10*3 0.01 0.01 x0.1
(APS)
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neutron vs rontgen

Tomeg: neutron: 1,675 x 102" kg, foton: 0
2 A hullamhosszhoz tartozé energia:
neutron: 20,6 meV, foton: 6,25 keV
249 Kelvin vs 75 000 000 Kelvin

A termikus jelensegeket jobb neutronnal merni!

Egyéeb ?

Farago Bela: Kurkaszo neutronok, avagy hogyan latjuk az atomok mozgasat
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Neutrons
Immobile atoms ‘ ‘
Extended electronic cloud Point-like nucleus

Decrease of the diffracted Uniform diffracted
intensity intensity

"E'.u- -l:l

Intensity | '

e
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magneses gerjesztesek CuSO,» 5 D O-ban (IN14)
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3 tengelyl spektrometer

egyszerre csak egy impulzus-energia pontot mer

monokromator

analizator
minta
v

detektor
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SR SCENCE Repullesi id6 spektromeéeter (INS )

COMPLETE ANALYEIS @

TIME-OF-FLIBHT m’)

N
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ORDER ‘e et/
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PROGRAMME
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Helyzetérzéekeny detektorok

S M Magas
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Polimerek, aggregatumok, mikroemulziok
karakterisztikus meret: 10 — 1000 A

(Fourier-transzformacio)

nagy meret => 41/A sin(©/2) =
=> Kicsi szorasi sz0g

.. 6s lassan mozog

.'.. .
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monokromator

. analizator
Supermirror neuiron guide

(3x3cn? Langh =4 n) He! detectors mi nta
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Analyser crystals

<IIIII

kT

Neutron Guide Neutron Guide ‘
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Elfogy az intenzitasi!!

energy E / meV

1000 100 10 1
10 T T T T L L TP T T T T T
eIy .
- ¥ # Pk
104 | "y 5 # i
Fa-dg ‘::"."‘;.,4" "~ i‘-".'-
o o ."-.l . o b\ - -.".
I Fagaggr” “u
E L ——thermal source (SR5) e : A
3 -=—cold source (SR 1) L \-‘
E R
s, ——hot source (SR9) by
= o
-3
'
N
10 .". L]
.\
1E 1 L1 1) -
0.1 1 10

wavelength AT A

Farago Bela: Kurkaszo neutronok, avagy hogyan latjuk az atomok mozgasat




Magnetic field direction
Selector pi/2 flipper pi flipper pif2 flipper

L] [ pemsiony | o, [ Presesion | [

Pelarizer Analyser
Sample

Beam polarisation

= @ © (X
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N'!rl Neutron Spin Echo

FOR SCIENCE

Mezei Ferenc 1972-ben gondolta ki (€s csinalta meg)
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gliiﬁ:c:TTEEDD REFRACTED TRANSMITTED A fe|U|etr6| tUkr026dOtt, SZ()F’[
PEAKS DIFFRACTION PEAKS z
F;E,EPFE%UCLTAS J J neUtrOnOk hasonloan SOk
LECTION - o e
[ HORIZON Informaciot hordoznak

WAVELENGTH —

[0um 63p A
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A-DNS B-DNS C-DNS D-DNS Z-DNS
RH RH RH RH LH

11 bp/turn 10 bp/turn 9.33 bp/turn 8 bp/turn 12 bp/turn
pitch=28.24 pitch=34A  pitch=314 pitch=24.2A  pitch=434
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DNS pOIImer. SZer'kZZZTZk Trevor Forsyth

A-DNA

RH

11 bp/turn
pitch=28.24
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Neutron-radiografia

Neutron-tomografia

Neutron tomography of
a camera lense.

Dr. B.Schillinger, TU Munich

Peter Vontobel, PSI
Eberhard ngmann PSI

Www valumiegFagies cam
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- Exploring matter with neutrons (pdf file, 1.67 Mb)

Al cross-section ofi recent: results which illustrates the range of research carried out at the
T{E=

° Neutrons and Life (pdf file, 7.67 Mb)

Avrieview! off ILL researchiillustrating the application of neutron technigues in Biology.

* Neutrons and New Materials (pdf file, 1.78 Mb)

Arreview: off ILL research with: potential industrial applications.

 Neutrons and the Universe ( pdf file, 3.38 Mb)

Arreview off ILL research in fiundamental and nuclear physics.

- Neutrons and Magnetism( pdf file, 3.79 Mb)

Atreview o ILC researchi on magnetic materials and phenomena.

- Neutrons and Soft Matter( pdf file, 4.93 Mb)

Atreview ofi LLLLC researchiinto complex: everyday materials.

hitp://www.ill.eu/fr/html/acces-rapide/publications/brochures/
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