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Wilhelm Conrad Rontgen 1845-1923

EINE NEUE ART
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1895: Discovery of
Pheoge X-Rays




Nobel Prizes for Research
with X-Rays

1901 W. C. Rdntgen in Physics for the discovery of x-rays. !
1914 M. von Laue in Physics for x-ray diffraction from crystals.
1915 W, H. Bragg and W. L. Bragg in Physics for crystal structure determlnatlon
1917 C. G. Barkla in Physics for characteristic radiation of elements.
1924 K. M. G. Siegbahn in Physics for x-ray spectroscopy.
1927 A. H. Compton in Physics for scattering of x-rays by electrons.
1936 P. Debye in Chemistry for diffraction of x-rays and electrons in gases.
1962 M. Perutz and J. Kendrew in Chemistry for the structure of hemoglobin.
1962 J. Watson, M. Wilkins, and F. Crick in Medicine for the structure of DNA.
1979 A. McLeod Cormack and G. Newbold Hounsfield in Medicine for computed axial
tomography.
1981 K. M. Siegbahn in Physics for high resolution electron spectroscopy.
1985 H. Hauptman and J. Karle in Chemistry for direct methods to determine
X-ray structures.
1988 J. Deisenhofer, R. Huber, and H. Michel in Chemistry for the structures
of proteins that are crucial to photosynthesis.
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The Nobel Prize in B

Physics 1935

James Chadwick

"“for the discovery
of the neutron”

The Nobel Prize in
Physics 1994

"In simple terms,
Clifford G. Shull (1915-2001)

has helped answer the question of “for the

where atoms are, ?hee\/iglj’t?;int of

diffraction
and technique”

Bertram N. Brockhouse
(1918-2003)

the question of what atoms do*,
(Nobel citation)

"for pioneering contributions to the
development of neutron scattering

techniques for studies of dfor tre o
condensed matter" evelopment o
neutron

spectroscopy”
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1932: Entdeckung von Chadwick
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Neutrons show

where atoms are

When the neutrons
collide with atoms inthe

Empla :in_at:tr_ial, l:ha'ir

ange direction {ara |

scatt ared) - elastic I_j . g Research reactor
scatt erin g. ﬁ

—
. eystalline sample -

PTG - >
o JQ'.;j JQ ﬁﬂﬂ :

Crystal that sorts and
Detactors record the directions forwards nautrons of
of the neutrons and a diffraction a certain wavelength
pattern is obtainead. {energy) = mono=
The pattern showsthe chromatized neutrons
positions of the atoms relative
to oma amother.



Neutrons show

what atoms do

3-ax is sp ectrometer
J-ax is spectrometer with 9
rot atable crystals and .
rot atable sampla s

},,,,Dk
Atoms in a Q\L )}j s

crystallina Eai‘nplu-\q:’m.

o |' :I

A, o w:f
: g fg
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v a
Whan the nuutruns 3
penetrate the sampla .
they start or cancel
oscillations in the
atoms. If the nautrons
create phonons or

,I:' Changes inthe
:I’ energy of tha
9 nautrons are first
.; ;i) analysad in an
anal'psar crystal...

Crystal that sorts and
forwards neutrons of
a cartain wavelangth

_ . magmnons they
L‘:"Em:t]. ;“u“:t themsalves losa the cand the neutrons
romatized neutrons energy these absorb then counted in a

= inelastic scatt ering detactor.



1942 - obel Laureate Enrico Fermi led the
group that first demonstrated a controlled nuclear
reaction (on December 2, 1942, shown below).
On November 4, 1943,
Fermi witnessed the
initial operation of

the Graphite Reactor
in Oak Ridge.




1943-

Designed using the results

of the Chicago experiment, the
Graphite Reactor produced small
amounts of plutonium, setting

the stage for large-scale plutonium
production by reactors in Hanford,
Washington. |t was the world's first
Isotope-production reactor.

1943-

Eugene Wigner, later an ORNL director who won a Nobel Prize for physics, predicted
that radiation damage could be a problem for reactors. The behavior of irradiated
materials was studied at ORNL, which became a leading materials research laboratory.




Graphit-Reaktor in Oak-Ridge (Tennessee)




1945 - lon-exchange

chromatography used at

the Graphite Reactor enabled
the discovery of promethium
(element 61).

1945 —The first neutron-scattering studies using a reactor were performed at the
Graphite Reactor by Ernie Waollan (left) and Clifford Shull (right), who won

a Nobel Prize for physics in 1994 for advancing the understanding

of the positions of atoms and molecules in materials.

Wollan, Shull, Koehler the pioneers! !'!
today High Flux Isotope Reactor (HFIR) in 1966, ORNL



PHYSICAL REVIEW VOLUME 100, NUMBER 2 OCTOBER 15, 1955

Neutron Diffraction Study of the Magnetic Properties of the Series
of Perovskite-Type Compounds [ (1 —x)La, xCa ]MnO;t

E. O. WorLrax axp W. C. KoeHLER
Oak Ridge National Laboratory, Oak Ridge, Tennessee

(Received May 9, 1955)

A study has been made of the magnetic properties of the series of perovskite-type compounds
[(1=x)La, xCalMnO;. The investigations have been made primarily by neutron diffraction methods, but
x-ray diffraction measurements of lattice distortions and ferromagnetic saturation data are also included.
This series of compounds exhibits ferromagnetic and antiferromagnetic properties which depend upon the
relative trivalent and tetravalent manganese ion content. The samples are purely ferromagnetic over a
relatively narrow range of composition (2~0.35) and show simultancous occurrence of ferromagnetic and
antiferromagnetic phases in the ranges (0<x<0.25) and (0.40<x<0.5), Several types of antiferromagnetic
structures at x=0 and x>0.5 have also been determined. The growth and mixing of the various phases have
been followed over the whole composition range, the ferromagnetic and antiferromagnetic moment con-
tributions to the coherent reflections have been determined, and Curie and Néel temperatures have been
measured. The results have been organized into a scheme of structures and structure transitions which is in
remarkable accord with Goodenough’s predictions based on a theory of semicovalent exchange.
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Inelastische Neutronenstreuung : Bertram Brockhouse
Chalk Rlver Kanada (in den 50¢ern)

Fig. It The main Hoor of the NEX Esactor al ke Chalk Eiver Labesaloery aboub 1950, The powder diffrocie-

mder cormitructed By Demald Horst and sssociadss is viaible sear the cenbse of the phatograph. Moat of the

other equipment & comscerssd with noclesr phyaics or willh the physics of e pewiron itelf. For ressoss ol

ipacw, wach apparatus is le<atid ab the end of a long tubs. (AEC] plobs)
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] SEFECTHOMETER

Fig. & The frst crude version of the triple-axis crystal spectremeter [24 - 28] Mondssergelic neetrons are
welected By ibe lasge single crystal sonochrometor (Xl asd impisge on the specimen (5). which is Loca-
ted om & table whese orientation VPE in the horizontal plane can he selected. This table can b moved aleng
ihe direction of the incident Beasm as desired. The aspalvzing spectrometer, which employs erystal €2, s a
diffractemuter (of sspecially large aperteee) which can he troccalated a5 o osil; the asgle (@) through which
ithe examined neulrens are scallesed is debdrmined by friangulakican.
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MNeutrons are NEUTRAL particles. They

= are highly penetrating,
= can be used as nondestructive probes, and

= can be used to study samples in severe environments.

Neutrons have a MAGNETIC moment. They can be
used to

= study microscopic magneatic structure,
« study magnetic fluctuations, and
+ develop magnetic materials.

Meutrons have SPIN. They can be

= formed into polarized neutron beams,
= used to study nuclear {atomic) orientation, and
« ysed for coherent and incoharent scattering.

The EMERGIES of thermal neutrons are similar to the
energies of elementary excitations in solids. Both
have similar

= molecular wibralions,
= |lattice maodes, and
= dynamics of atomic moticon.

The WAVELENGTHS of neutrons are similar 1o
atomic spacings. They can determine

+ structural sensitivity,
« structural information from 1073 to 10 em, and
= crystal structures and atomic spacings.

Neutrons “see” NUCLEL They

= are sensitive to light atoms,
= can exploit isotopic substitution, and

« can use contrast variation to differentiate complex eutron

molecular structures.

electron

Neutrons

M, =1.674928.10?"kg
=1.001 MProton

T = 885 s (B decay)

n—p+e+v+0.78MeV

n: E=h?/2M ’*=81.1meV/\?
photon: E=hf=hc¢/A=12398eV/ A
k=2n/)% p=h/A

units:
1 meV=11.6 K=8.066/cm=0.241THz

MA] Kk[1/A] v(m/s) E best AE/E

Photon light 5000 103  3.10% eV 108

X-ray 1 1 3.108 kev 10
1 1 6.107 150eV 10
1 1 400 meV 106



SCATTERING LENGTH b(10™em)

-Neutronen sind neutral (Q<10-2%%)

-Wechselwirkung mit den Atomkernen
—>lokal

—>nicht direkt von Z abhingig

H C

=> Bestimmung leichter und schwerer | | ® O o ...

Atome !!!

O

.'f ci = ” A‘ Cu®s

40 v 100
ATOMIC WEIGHT
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Neutrons show

where atoms are

-Sauerstoffpositionen in Oxiden mit
Seltenen Erden oder La =»
besser mit Neutronen !




Analyse der Intensitaten

Intensitaten der Reflexe
=2 komplette Strukturinformation

T F; = [dVn(r)exp(-iG r) n(r)-Streudichte; Strukturfaktor

Zelle

Foa = Zj f; exp[— iZn(xjh +yk+ zjl)]

- weitere Verschmierung durch thermische Bewegung oder Unordnung
Koy = Zj f. exp[— i27|:(xjh +yk+ zjl)]* exp(— %<u2 >G2j

-aber : man misst F ;> Verlust der Phaseninformation
bel Zentrosymmetrie nur Vorzeichen !!



Magnetische Eigenschaften

Ladung=0
elektr. Dipolmoment=0

Spin: S=1/2

magnetisches Dipolmoment:

W= 19.6491783.1027J/T
= -1.913042 py

Mn=Hp M/m =0.5446 10~ py

,,Erklarung**:

DIRAC “Proton:1 !”LN CXp 2.8 !”LN
HNeutron:O CXp -1.9 HN

MESONp<n+n" nopt+m
HUneutron20: Neutron
1st 20% der Zeit p+n-, wobel
n~ Bahnmoment von 10 py
hat.

QUARK udd



Magnetic properties of the neutron

L=-1,813042 un

MEmENHEEEEUE T




Magnetische Wechselwirkung

~

] R SxR

V(1) =—fi-B(r)= -2 gy Ze 12 ‘W{ fv }
.-"‘?3' R-_-

4 m

sensitiv zu magnetischem Dipolmoment (Spin) senkrecht zu Q !



Anwendungen von magn.Einkristall-Beugung

- Moments are very small

- Transition temperatures lower than 1 K
- Incommensurate magnetic structures

- Magnetic transitions induced by H or P

- Magnetism of absorbing elements (6d, Sm
- Mapping of the density of spin

- Molecular magnetism



Magnetic structure

A2F3X5'H20 (AzK, Rb, X=CI, Br')

*Colinear AF with T, = 14.06 K k = (0 00)
‘Easy axis: a
‘Ferromagnetic planes

1 b-axis AF coupled




Oxygen moment in Li,CuO,

1D chains of S=1/2 Cu atoms

CuO, plaquettes (like in
CuGeO;, High-T, or chain-ladder
system La,_.Ca,Cu,,0,; )

G

0= 180 AFM
Li,CuO, crossover between
AFM and FM ordering




Oxygen moment in Li,CuO,

AF canted model

Moments are canted - =~
in the a-c plane | le

toward the c-axis. ¢ |o
Canting of the Cu 'Tew T
moments is almost

fully compensated m‘

by counter-canting ¢| @e |
of the O moments

,&.@\b

Cu moment: 0.91 up
O moment: 0. 12 up

3-D spin density Patterson



Neutrons show

Inelastische Streuung what atoms do
Streudreieck:
> K
k
¢ k
hZ ‘k2
o — o E —
Impuls: Q=k-Kk' 2-m
. n’
Energie :E=E+E,, Eponn =10 =5 (K —K?)
Spin : Gesamt - Spin vorher = nachher
Beispiel : Thermische Neutronen
Energie . 5THz = 20.68meV = 240K = 167cm-?
Wellenlange . 2.0A Wellenvektor : 3.14 A1

Geschwindigkeit : 1988 m sec?



Gitterdynamik in Sr,RuO,

T T T T | W) [T (e

I4/ mmm
7atoms

] =>

1 21 branches

- Braden et al.,
es 1 1 1 PRB2007.

ey (O0n) ([00x) (O]
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Exponential Attenuation Law

Transmission |l /lo

0.00 T T T T T T T T T —
0 05 1 15 2 25 3 35 4 45 5 55

d [em]

Macroscopic Cross Section X

N =numberdensity [cm'g]

p =material density[g om™]
A =awmicwelght[g mﬂ[{_l]
N .= Avogadro nwmber 6.02210% [mol ']

Wechselwirkung
mit Materie

Narrow Beam Attenuation
—Xd
[ =1 N

Scattered neutron 2
iy

XQ

e Transmitted beam /

&
d__—————”'—__——*

_f_f__,_ff*%k Absorbed neutron Za

\

Incident beam Iﬂ

[y




mass attenuation coefficient [cm/g]

Schwachungskoetfizienten X

1000
x-ray 100ke¥
x-ray 250 ke¥
¥ thermal neutrons
100

—
L=

—

0.1

0.01 T . . T T |
0 10 20 30 40 50 60

element number [-]



Antares
Advanced Neutron Tomography And Radiography
Experimental System
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Neutron Cross Sections (Energy — Dependence)

104¢C T T T ]
[ |0.025 eV

i) .

E T e e

2 101

B
— Hydrogen
== |ron
- === Alurminium

1 1 i 1 ] 1 i
102 107 109 10t 102 10 1% 105
aV

Material o X
Water 103 3.45
Iron . 14 1.18

Aluminium . 1.7 | 0.1




Was sind die Charakteristika von Neutronen ?

1) Masse vergleichbar zu Kern-Massen = elastische und inelastische Streuung
2) Wellenlkiinge 1-5A im Bereich der Gitterabstinde
3) nukleare und lokale Wechselwirkung : keine Z-Abhangigkeit
> V(r) = b*o(r)
4) Energie im Bereich 1-100meV vergleichbar zu der von Phononen
(x-ray : Cu-K hat 8*10°meV =» Energieauflosung besser als 10-7)
5) das Neutron hat einen Spin Y2

- Kontrast : leichte schwere Atome

- Magnetismus

- EXperimente bei grossem Streuvektor moglich

- Messungen in der ganzen Brillouin-Zone (inelastisch)

Beispiel : Thermische Neutronen

Energie : BTHz = 20.68meV = 240K = 167cm!
Wellenlange : 2.0A Wellenvektor : 3.14 A1l
Geschwindigkeit : 1988 m sec?

ABER : Quellen sind teuer und schlecht !!!



Liste ist nicht vollstandig ! ! !



Neutronen-Quellen
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Reaktor-Neutronenquellen

Ta - s e
Q?"ﬁ g ﬁ- A
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U?¥+n —> Mo95+La139+2n

235x7.6 95x8.6 138x8.4MeV
1.e. 200MeV freiwerdende Energie

Davon 6MeV kin Energie der n




reactor building ”%:I:‘ drive of cantrol rod

e

storage pool reactor pool (H,0)
cooling pipes
- = ﬂﬂ_@ [l
--h * — ﬁ- ——

i
primary cooling loop

{
tunnel
containing 1| T
n-guides
CNS

drive of

shut down rod (5x)

—I—I—

Wer

exp. hall
He buffer
rmoderator
tank (D,Q)
down rod (5x) beam tube
J—,ﬁ/ (10x)

FRM-II - thermal power: 20MW
ILL: 56MW

unperturbed thermal

neutron flux: 8x10'*cm—2s-!

core cooled with light water H,0

moderator tank: heavy water D,0

diameter of approx. 2,5m
= Cwn

== el § "
i



http://www.frm2.tu-muenchen.de/frm2/reactor/compact/images/concept_en.html
http://www.frm2.tu-muenchen.de/frm2/reactor/compact/images/reactorhall1_en.html




FRM-I1's reactor core:
a single, cylindrical fuel
element 700mm height.

\ 113 involuted, curved fuel plates
N three layers: fuel U,Si, +

N aluminium powder

— In an aluminium matrix.

0] 200 W e 3% e 2% Selements will be required per year.
TR Pl Dy el 243 mm ©

Uranium Zone
Radius {cm)

—— Thermal Meutron Flux (10%n/icm®s) —=

Thermal neutron flux
density as function
of the radius (FRM-I1)




Laboratoire Leon

Brillouin (Saclay, Paris)
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Pl con-2.571)

source chaude

|

canal thermigque

Facility: LLB

Type: Reactor

Flux: 3.0 x 10 n/cm2/sec

Operational days/year: 250 no longer now 114 till 180
Total number of instruments: 28

Number of instruments available to users: 24

Type of instruments available to external users:

1 Strain diffractometer
1 Texture diffractometer
3 SANS

3 reflectometers

Figure 3 : Source chaude
Distribution du flux en fonction de
la longueur d‘onde pour trois
températures de sources chaudes.



Moderatoren (D,0)

MeV—meV durch elastische Streuung an leichten Elementen
verlieren die Neutronen Energie und es ergibt sich im Idealfall eine Maxwell
Verteilung der n-Geschwindigkeit entsprechend der Moderator Temperatur

10" = = 300K

Neutronen-Wellenldnge {ﬂngstréjm}

Berechnung fiir FRM-II, Garching

Betrachtung eines

Heile Quelle D20 vor SR-5- = [ glte Quelle :
3000K (Graphit) Nase (thermisch) e elastischen Stof3es

eines Neutrons mit
einem Kern der

10" =
l; . Massenzahl A
: ergibt:
S w0y
| Am besten wire
3 3 _ Wasserstoft
: Problem
L - Absorption -
10 (—;-J | 2 - daher Deuterium !



Genereller Aufbau der Spektrometer um den Reaktor
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Institut Laue Langevin
(Grenoble)

Facility: ILL

Type: 58MW High Flux Reactor

Flux: 1.5 x10%% n/cm2/sec

Operational days/year: 225

Total number of instruments:

Approximately 43 including test

Number of instruments available to users: 36
Type of instruments available to external users:
5 powder/liquid diffractometers

7 single crystal diffractometers

2 SANS*

3 reflectometers*

5 polarised neutron instruments*

2 Nuclear Physics

6 3-axis spectrometers

2 backscattering spectrometers

3 TOF (MET)

2 spin echo

2 Fundamental Physics

*some double counting

NB: 7 of the above instruments are operated and
supported by external groups



Facility: BER II, BENSC

BENSC
(Berlin)

Type: Swimming pool reactor

Flux: 2x10 n/cm2/sec

Operational days/year: 250

Total number of instruments: 24

Number of instruments available to

= external users: >17

4 Type of instruments available to external users:

'-f' 2 powder/liquid diffractometers

‘ h*j 2 SANS
: iﬁﬁﬁa 1 spinecho 1 reflectometer

i j\m = 1 neutron interferometer 1 B—NMR

1 cold source

#® NB: For many instruments options include polarisatior
high fields, high pressures and low temperatures



Forschungsreaktor
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FRG-2 Geesthacht ractlity: FRe-

Type: Swimming Pool Cold Neutron Source

Flux: 8.7 x 1013 n/cm2/sec
Operational days/year: 210

Total number of instruments: 10
Number of instruments available to
external users: 10

Type of instruments available to
external users:

1 four circle texture diffractometer

2 residual stress diffractometers

2 SANS

2 reflectometers

1 TOF spectrometer for basic research
1 Double crystal diffractometer for high
resolution SANS

1 3-dimensional polarisation analysis
diffractometer

Polarised neutrons available on 5 instruments



Spallation
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Spallation

pro freigesetztem
Neutron entsteht

bei der Spallation
weniger Warme als
bei1 der Kettenreaktion
.... daher sind

hohere Fliisse
moglich: spitzenwerte
thermische Neutronen
2x10"n/cm?s (geplant
bei1 der ESS)

Pb: 20n/p +23MeV

233U: 40n/p +50MeV

(vgl 2>U:1n/spaltung
+200MeV)




1S1S, Rutherford (Oxford)
Winfried Kockelmann
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Reactor-Sources

*Budapest Neutron Centre, AEKI, Budapest, Hungary

*Berlin Neutron Scattering Center, Hahn-Meitner-Institut, Berlin

*Center for Fundamental and Applied Neutron Research (CFANR), Rez nr Prague,
Czech Republic

*FRJ-2 Reactor, Forschungzentrum Jiilich, Germany

*Frank Laboratory of Neutron Physics, Joint Institute of Nuclear Research, Dubna,
Russia

*GKSS Institute for Materials Research, Hamburg, Germany

Institut Laue Langevin, Grenoble, France

Interfacultair Reactor Instituut, Delft University of Technology, NL

*JEEP-II Reactor, IFE, Kjeller, Norway

*Laboratoire Léon Brillouin, Saclay, France

*Ljubljana TRIGA MARK II Research Reactor, J. Stefan Institute, Slovenia

St. Petersburg Nuclear Physics Institute, Gatchina, Russia

*Studsvik Neutron Research Laboratory (NFL), Studsvik, Sweden

*Centro Atomico Bariloche, Rio Negro, Argentina

*Chalk River Neutron Program for Material Research, Chalk River, Ontario, Canada
*High Flux Isotope Reactor (HFIR), Oak Ridge National Laboratory, Tennessee, USA
*Los Alamos Neutron Science Center (LANSCE), New Mexico, USA

*McMaster Nuclear Reactor, Hamilton, Ontario, Canada

*MIT Nuclear Reactor Laboratory, Massachusetts, USA

*NIST Center for Neutron Research, Gaithersburg, Maryland, USA

*Peruvian Institute of Nuclear Energy (IPEN), Lima, Peru

*University of Missouri Research Reactor, Columbia, Missouri, USA

*University of Illinois Triga Reactor, Urbana-Champaign, Illinois, USA

Institute, Australian Nuclear Science and Technology Organisation, Lucas Heights,
Australia

*High-flux Advanced Neutron Application Reactor (HANARO), Korea

*Japan Atomic Energy Research Institute (JAERI), Tokai, Japan

*KENS Neutron Scattering Facility, KEK, Tsukuba, Japan

*Kyoto University Research Reactor Institute (KURRI), Kyoto, Japan

*Malaysian Institute for Nuclear Technology Research (MINT), Malaysia

* Australian Replacement Research Reactor, Lucas Heights, Australia

*Canadian Neutron Facility, Chalk River, Ontario, Canada

*FRM-II Research Reactor, Garching, Germany

Spallation Sources

ISIS Pulsed Neutron Facility,
Rutherford-Appleton Laboratory,
Oxfordshire, UK

*Swiss Spallation Neutron Source (SINQ),
Villigen SwitzerlandBragg

*Intense Pulsed Neutron Source (IPNS),
Argonne National Laboratory, Illinois,
USA

*Spallation Neutron Source, Oak Ridge
National Laboratory, Tennessee, USA

* Japanese Spallation Source

*Austron Spallation Neutron Source,
Vienna, Austria

*European Spallation Source (ESS)
*Japan Proton Accelerator Research
Complex (J-PARC), Tokai, Japan



Nachweis von Neutronen

N nicht ionisierend — daher immer indirekter Nachweis
(keine Energieanalyse bei Nachweis)

schnelle Neutronen (MeV): Stof3e mit p-haltigen Substanzen

thermische Neutronen (meV):
1.  Aktivierung durch n — Einfang (z.B. n-y Reaktionen in Au,In)

2. Kernreaktionen und anschlieBender Nachweis der (geladenen) Reaktions
produkte — iiblich in der Neutronenstreuung: Geiger Miiller Zahlrohr
a) BF;:  B!%(n, a) Li’+2.79MeV
b) He3:  He?(n,p) H3+ 0.765MeV
Nachweiswahrscheinlichkeiten ca 95% (hdngt von A ab, A? «c1/v)

3. Szintillationszadhler: n - B — a —ZnS (Photomultiplier)

4. Imageplates : Gd-Schicht = n-y Reaktionen = Detektion wie in x-ray
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Neutrons — Photons

Neutrons:
Particle beam (neutral)
E=h?/2m\3?=81.1meV/\?
Low brilliance (particles/cm2/sr/meV)
Interactions with the nuclei and
the magnetic moment
of unpaired electrons

Scattered by all elements, also the light
ones like the hydrogen isotopes

Deep penetration depth
(bulk studies of samples)

Less intense beam measuring larger samples
Applications:

Magnetic structures & excitations,
critical scattering

Photons:

Light beam
E=hf=hc¢/A=12398eV/ A

High brilliance

Interactions with the electrons
surrounding the nuclei

Mainly scattered by heavy elements

Small penetration depth
(surface studies of samples)

Very intense beam measuring small or
ultra-dilute samples

Applications:

Surface studies, element and shell
sensitive resonant magnetic scattering,
magnetic dichroism, magnetic Materials
with high neutron absorption
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