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Polarized Neutron Reflectometry
1. A primer of the 1D technique

The Spallation Neutron Source complex in Oak Ridge







The photon also has wave and 
particle properties

E=hν =hc/l= hck
Charge = 0         Magnetic Moment = 0
Spin = 1                           

E  (keV)               λ (Å)
0.8                      15.0
8.0                      1.5

40.0                      0.3
100.0                     0.125 



Brightness & Fluxes for Neutron & 
X-Ray Sources
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Scattering amplitudes: Neutrons



Reflection of Visible Light



Perfect & Imperfect „Mirrors“



Basic Equation: X-Rays

Helmholtz-Equation & Boundary Conditions            



Refractive Index: X-Rays

Electron Density
Profile !

E = 8 keV          λ = 1.54 Å



X-Ray Reflectivity: Principle

n1

n2

n1<n2Visible Light 
Reflectivity:  
n2 > 1

n1

n2

n1>n2
X-Ray 
Reflectivity:

n2 < 1



Total External Reflection

cos αi = (1– δ) cos αt αt=0 Critical Angle:
αc ≈ √2δ ~ 0.3°

GRAZING ANGLES !!!







Single Interface: Vacuum/Matter

Reflected
Amplitude

Transmitted
Amplitude

Wave-
Vectors

Fresnel-
Formulae



Fresnel Reflectivity:  RF(αi)

Total External 
Reflection

Regime



Roughness Damps Reflectivity

σj = 10 Å
λ = 1.54 Å



Total Reflection at Surfaces

kz2

kz1

Refraction index:
n (λ)= kz2 (inside the media) / kz1(outside)

Kinetic energy of a free particle:
E1 = h2 kz1

2/2mN

Inside the media with potential V, k z2 is (in most cases)
smaller (conservation of energy):

h2 kz2
2/2mN + V = E1

=> kz2 = (kz1
2 - 2mNV/h2)1/2

Connection to microscopic properties:

Fermi pseudo potential: V = 2π h2 N b/mN

with N: number density [at/cm3]
b: coherent scattering length of the
nuclei in the material [fm]

Critical angle for total reflection is reached, if Ez=V !
Θcrit = sin-1λ(N⋅ b/π)1/2 = cos-1n

or
Qcrit = 4π sinΘ /λ = 4(π N⋅ b)1/2

Θ (
n(λ)

nvac=1

For neutrons (and X-rays) with
wavelengths of a few Å, 
almost all materials have an optical
index slightly smaller than 1.

=> Total reflection up to a critical
angle Θcrit(λ)



Calculation of the reflectivity 
at a potential step

Potential V

r exp(-ik1z)

        exp(ik1z) t exp(ik2z)

Depth z

Solution of the quantum mechanic problem:

Fresnel equations

Reflectivity       R = ⏐ r ⏐2 = ⏐ (k1 - k2) / (k1+k2) exp(i2k1z) ⏐ 2

Transmission   T = ⏐ t ⏐2 = ⏐ 2k1 / (k1+k2) exp(i2(k1 - k2)z) ⏐2



Example: Potential of a multilayer

Potential V

r exp(-ik1z)

exp(ik1z)      t exp(ik2z)

Depth z

At each interface one has to take into account:

- Refraction effects
- Multiple-scattering effects



Reflectivity of Layered Structures
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Neutron Reflectivity

Bra gg’s La w dd oublelaye r thickne ssa ngle of in cidencen    o rder num ber (0,1,2 ,...)      w avelengt hd m agnetic periodmag

maganti ferromag neticcou pled laye rs

Θ: angle of incidence
λ: wavelength

Θ

=> two concepts for neutron reflectivity measurements:
a) fixed wavelength + variable angle
b) variable wavelength + fixed angle

Q

ki kf

|k| = 2π/λ

The reflectivity of the sample is 
measured as a function of the 
scattering vector Q

Q = -ki + kf
|Q| = 4 π sin Θ / λ



The Filter/Collimation System of POSY I

Neutron spectrum of POSY I: 2.5 Å > λ > 14 Å

Polarizers
reflect λ > 2.5 Å to the sample

Frame overlap filter:
reflects λ > 14 Å out of the beam

Flipper

Sample Detector

Analyzer



Reflectivity of Magnetic Layers

Potential V

 Vnuc,mag+

Vnuc Vnuc,mag-

Depth z

Fermi pseudo potential:

V = 2π h2 N (bn+/-bmag)/mN

with bnuc: nuclear scattering length [fm]
bmag: magnetic scattering length [fm]

(1 µB/Atom => 2.695 fm)
N: number density [at/cm3]
mN: neutron mass

Spin“up” neutrons see a high potential.
Spin“down” neutrons see a low potential.



Bragg’s Law for Periodic Layered Structures

Bra gg’s La w dd oublelaye r thickne ssa ngle of in cidencen    o rder num ber (0,1,2 ,...)      w avelengt hd m agnetic periodmag

maganti ferromag neticcou pled laye rs

constructive interference if: 2d sinΘ = n λ

d:  double layer thickness
Θ: angle of incidence
n: order number (0,1,2,...)
λ: wavelength

d
dmag: magnetic

periodicity

example: 
antiferromagnetic coupling
of magnetic layers

d sinΘ

Θ

Q

ki kf

|k| = 2π/λ



Polarized Neutron Reflectivity of 
Layered Magnetic Structures
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Calculation of Reflectivity

Slicing of Density Profile

ε ~ 1Å

Slicing
&

Parratt-Iteration

Reflectivity
from 

Arbitrary
Profiles !

• Drawback:
Numerical Effort !
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Polarized neutron reflectometry
2. Magnetic surfaces and multilayers

The ILL/ESRF complex in Grenoble. Reactor core



RKKY INTERACTION IN MULTILAYERS
Interlayer exchange coupling

• Period of oscillations is related to spanning vectors of the Fermi 
surface of the spacer layer

• Long period (≈18Å, Fe/Cr)
• Short period (≈2Å, Fe/Cr)

• Only observed for very smooth interfaces

Review: M.D. Stiles JMMM 200 (1999) 322

P. Bruno, J. Phys. Condens. 
Matter 11 (1999) 9403



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Coupling strength period

(100)
(211)

AFM

FMAFM1+AFM2

FM+AFM

(110) Coupling period of is 
longer than 18Å for 
Fe/Cr(110)



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Interlayer exchange coupling

The exchange coupling J between ferromagnetic layers 
across a non-ferromagnetic spacer is oscillatory.

• Ferromagnetic coupling 

•Antiferromagnetic coupling

• Biquadratic coupling
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   kz = kzo
2 − 4π (b/V)    kz

± = kzo
2 − 4π[( b /V ) ± cB]qz = 2kzo

Courtesy of F. Klose

Reflectivity



The Filter/Collimation System of POSY I

Neutron spectrum of POSY I: 2.5 Å > λ > 14 Å

Polarizers
reflect λ > 2.5 Å to the sample

Frame overlap filter:
reflects λ > 14 Å out of the beam

Flipper

Sample Detector

Analyzer



S.S.P. Parkin et al, 
APL 58, 1473 (1991)



Polarized Neutron Reflectivity

y

x
z

H

qz = 4π sin(θ)/λ

R+-

R-+ R++

R--
θ

M||
M⊥

Mtot

(R++ - R--) ∝ M|| R-+ = R+- ∝ M⊥
2



A. Schreyer et al, PRB 52, 16066 (1995)



Fe/Nb: reduction of the exchange by charging with hydrogen
F. Klose et al, PRL 78,1150 (1997)



SPIN-FLOP TRANSITION IN MULTILAYERS
Spin-flop Transition in Bulk Antiferromagnets

H < HSF
Bulk

• A bulk antiferromagnet undergoes 
a 1st order “spin-flop” transition if a 
sufficiently high field is applied 
along the easy-axis
– First predicted by L. Néel

Ann. Phys. (Paris) 5 (1936) 232

• Spin-flop:
– Reorientation of AF component 

perpendicular to easy-axis
– Finite magnetization along field

H = HSF
Bulk

H

H > Hsat



Spin-flop Transition in Finite Antiferromagnets

S.Rakhmanova, et al.,
PRB 57 (1998) 476

• In a finite AFM there is a surface spin-flop 
transition at a field below the bulk spin-flop 
transition.

D.L. Mills and W.M. Saslow, Phys. Rev. 171
(1968) 488

• Spins near the surface rotate into a flopped state 
and creating an AF domain wall.

• The wall penetrates through the system until it 
reaches the center 

• The spin-flopped region expands throughout.
F. Keffer and H. Chow, PRL 31 (1973) 1061



Spin-flop Transition in Finite Antiferromagnets

N. Papanicolaou, 
J. Phys.: Condens. Matter 
10, L131 (1998)

• Wall divides system in two (anti-phase) 
domains separated by a 
“discommensuration”

C. Micheletti et al. PRB 59 (1999) 6239

• Domain wall moves toward center by pairs 
of layers switching

L. Trallori, PRB 57 (1998) 5923 



Experimental Evidence of Surface Spin-Flop Transition

MgO

Fe (14 Å)

Cr (11 Å)
Cr (100 Å)

Cr (200 Å)

Epitaxial (211)

• Fe/Cr(211) superlattice used as template 
for finite uniaxial antiferromagnet

• Comparison between MOKE and 
SQUID confirmed surface-initiated spin-
flop transition

R.W. Wang et al. PRL 72 (1994) 920 



Magnetization
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Polarized Neutron Reflectivity Experiment
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Bragg Peak Intensities
Simple AFM ordering

    
R∝ a2 sin[qd2N / 2]

sin[qd / 2]
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

2

d
Max. at: qB = 2π/d
Min. at (q - qB) = ±[1/(2N)]2π/d

    
R∝ a2 sin[qdN /2]

sin[qd /2]
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

2

× cos2[qd(N / 2 + 1/ 4)]
Anti-phase domain

Min. at: q = qB
Max. at: (q - qB) ≈ ±[1/N]2π/d



Polarized Neutron Reflectivity Experiment
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Analysis of Bragg Peak

Distance of the domain 
wall from bottom

Thickness of the spin-
flopped region5
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Evolution of Magnetization
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SPRING MAGNETS







CoFe on CoFe2O4
O’Donbovan
et al 
PRL 88, 
067201 
(2002)
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Polarized neutron reflectometry
3. Toward 3D: domains and nanostructures

The pulsed
reactor at
The Joint
Institute for
Nuclear
Research
Dubna:  
instrument
layout





 
- Usually it is observed when a ferromagnet (FM)

and an antiferromagnet (AF) are in contact 
 
- Bias is assured by cooling the system (FM+AF) 

through the N�el temperature of the AF 
 

It originates from magnetic interactions at the 
FM/AF interface 

 
- Its strength is <1/100 of that predicted by the 

most simple model of exchange interaction 
 
- It has been observed in systems coupling 3d 

metals with:  
FeMn, NiMn,NiO,CoO,FeF2 etc. 

 



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



Magnetic Thin Films

Dieny et al., PRB 43 (1991) 1297

• Spin valve thin film structures 
are used as magnetic sensors

• Use Giant Magnetoresistance
(GMR) effect

• Key components:
– Interlayer exchange coupling
– Exchange bias coupling between 

FM and AFM



QuickTime™ and a
TIFF (LZW) decompressor

are needed to see this picture.



J. MALOZEMOFF,  PHYS. REV.  B35,  3679 (1 987)  
 
 
 





AF/F Double-Superlattice 
 
 
 
 
 
 
 

 
 

 
 
 
Model exchange bias system 
 
- Configurable structure 
- Tunable coupling 
- Tunable anisotropy 
 

Tuning of the physical properties 

}
}AF

F

Interface

 
- Exchange 

• Anisotropy 
(211) Fe on (110) MgO 

Magnetic properties 
 

[11 0] MgO 

[001] MgO 

[11 0] Fe

[1 11] Fe 

MgO (110) 

Fe  (211) 
Fe  (211) 
second layer 



 

- Major Loop at room tempera ture 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

• Minor loop from +12 kOe at room temperature 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Comparison between:  
 

 

- Dependence of the Exchange bias field, HE, 
on the number of layers, nF, in the F 
superlattice 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

• HE =
Jint

MFedFe nF
 

 
 
• Jint = 0.14 erg/cm2 for 20 �  





Fe/Cr double superlattice

 

Layers  Thickness 

(�) 

Scattering length density (10-6 �-2) 

 X ray                  Neutron 

Cr Cap       49 53.2 + 5.44 i 2.97 

      54 58.3 + 7.53 i 8.12 ± 4.4 Fe
Cr

⎫ 
⎬ 
⎭ 

× 5 
 

F superlattice 
17.8 53.2 + 5.44 i 2.97 

14.3 58.3 + 7.53 i 8.12 ± 4.4 Fe
Cr

⎫ 
⎬ 
⎭ 

× 20 AF superlattice 
12.1 53.2 + 5.44 i 2.97 

Cr buffer 197 53.2 + 5.44 i 2.97 

MgO(110) substrate  30.5 + 0.32 i 5.97 
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Calculated reflectivity……….compared with the experimental one



Exchange bias in thin Co/CoO bilayers

Polycrystalline CoO(33 Å)/Co (139 Å)/Si 

Exchange Bias
• After field cooling through TN
magnetization loop is shifted.

• Coercivity increases.

Co/CoO

• Additional training effect.

• Observation of spin 
dependent off-specular
scattering.

te Velthuis et al JAP 87 (2000), 5046 
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Spin Flip Reflectivity
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W.-T. Lee et al., PRB 65, 224417 (2002) 

CoO(33 Å)/Co (139 Å)/ Si [Co(164 Å)/CoO (20 Å)/Au(34 Å)]20/Al2O3

M. Gierlings et al., PRB 65, 092407 (2002)

CoO(30Å)/Co(170Å)/ 
Ti(2000Å)/Cu(1000Å)/Al2O3

R. Radu et al., JMMM 240, 251 (2002)

Uniaxial
domain 
switching

Rotation + 
domains





W.T. Lee et al, Phys.Rev. 
B 65, 224417 (2002)



Lateral domain distribution

Statistical Measure of Lateral Magnetic Moment Distribution

χ2 = <M//
2> – <M//>2 = 1 – <M⊥

2> – <M//>2

Case: Single Domain

Case: Aligned domains 

Case: Non-aligned domains

<M//> = M//
<M⊥

2 > = M⊥
2

χ2 = 0

<M//> ~ 0
<M⊥

2> ~ 0
χ2 ~ 1

<M//> ~ 0
<M⊥

2> ≠ 0
0 < χ2 < 1



Magneto-Optical Imaging

Local Magnetic Induction, B z

light intensity 
     you get

Bi:YIG layerMirror

Sample

light 
polarization

α ∝ Bz
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Ulrich Welp, Materials Science Division, ANL
Physica C 203 (1992) 149, PRL 86 (2001) 4386





Exchange biased Co/CoO thin films
Sample: CoO(33 Å)/Co (139 Å)/Si, polycrystalline

200 µm
H2H2 H7H7
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Along trained curves (H ≈ 0)



• Along easy axis reversal 
dominated by wall movement

• Along hard axis domains of 
similar size. But here the 
domain pattern does change
with field.

Room temperature

MCo

MCo
H

H

300 µm

easy

hard



Comparing images with opposite Mr

DifferenceSum

295 K hard axis 295 K hard axis24 K 24 K

The magnetization rotation within Co domains in the 
biased state (24K) is different than along hard axis at RT.



• MO Image is dominated by contrast between components of M 
⊥ H.

• Contrast from M ⊥ H does not change sign when cycling 
through hysteresis cycle, provided each domain always rotates 
towards same direction.

• Images of opposite remnant states show that in biased state 
(24 K), Co domain magnetizations are directed in the same 
orientation.

• Only unidirectional anisotropy (imposed by coupling with CoO)
oriented at an angle with respect to H can cause this rotational 
behavior in FM domains.



Summary

Co/CoO

• Magnetic hysteresis loops can be understood with the 
observation of the formation of domains.

• Once the domains are formed, the magnetization reversal 
behavior becomes one of uncorrelated rotation of domains 
magnetizations.

– Rotation direction always the same in each domain.
– Distribution of unidirectional anisotropies imposed 
by coupling with CoO.



Puzzle:

Given that:
• Domains larger than coherence length contribute to 

specular intensity
• Domains smaller than coherence length contribute to 

scattering
• MO imaging shows domains are 5-10 µm
• Lateral coherence length ~50 µm

Does the Co/CoO film exhibit off-specular scattering?
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POLARIZED NEUTRON REFLECTOMETRY
4. The issues and the challenges

The FRM2 reactor “ATOMEI” in Munich



Exchange biased Co/CoO thin films
Sample: CoO(33 Å)/Co (139 Å)/Si, polycrystalline

200 µm
H2H2 H7H7

-6 10-4

-4 10-4

-2 10-4

0 100

2 10-4

4 10-4

6 10-4

-2000-1500-1000 -500 0 500 1000 1500 2000

M
 [e

m
u]

H [Oe]

1

2

3
4

5
67

8

9

T = 10 K

III

I

II
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Components of the scattering vector in grazing incidence geometry



Geometry at grazing incidence
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y
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qx = (2π/λ)( cosαf - cosαi )
qy = (2π/λ) sinϕ

αf    Resolve with PSD

ϕ Resolve with Spin Echo

tight collimation

coarse collimation





Alternative ways of presenting the off-specular scattering



Magnetic off-specular scattering
4 terms can be counted: I++, I+-, I-+ , I--







Subsequent magnetization reversals
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Exchange bias in thin Co/CoO films



Fe/Cr(001) superlattice
Top: experimental map (I-)
Bottom: calculated map
Right:magnetic structure
V. Lauter Pasyuk et al, 
PRL 89, 167203 (2002)



Distorted Wave Born Approximation 
(DWBA)

=

+
ScatteringReflectivity



Correlated magnetic domainsCorrelated magnetic domains
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Magnetic domains in 
[Cr(9Å)/57Fe(70Å)]x12 
multilayers
O.Nikonov, V.Lauter-Pasyuk, B.Toperverg,
H.J.Lauter, L.Romashev, E.Kravtsov, V.Ustinov 



S. Langridge et al, PRL 85, 4964 (2000)



Co2MnGe(3nm/V(3nm) multilayer 
A. Bergmann et al Phys.Rev.B 72, 214403 (2005)
simulation based on the Distorted Wave Born approximation



Fe implanted in yttrium stabilized zirconia
Fe crystals grown during annealing





Array of permalloy disks, and their magnetization
S. Bader, Rev. Mod. Phys. 78, 1 (2006)





S.D. Bader Rev. Mod. Phys. 78, 1 (2006)





K. Theis-Bröhl et al, Phys. Rev. B71 (2005)



K. Theis-Bröhl et 
al,
Phys. Rev. B67, 
184415  (2003)

Neutron intensities
periodic stripe array  
H=43 Oe



K. Temst et al, Superlattices and Microstructures 34, 87 (2003)
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Spin-echo angular encoding

spin
analyser

spin
polarizer

+BO

1st spin-echo
arm

-BO

2nd spin-echo
arm

DIFFERENT PATH LENGTHS FOR 
THE DIFFERENT TRAJECTORIES !

P 
=1

sample
position



Spin-echo angular encoding:
no scattering case
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Spin-echo angular encoding:
scattering by the sample
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Spin-echo angular encoding:
scattering by the sample

spin
analyser

spin
polarizer

-BO+BO

FULL 
POLARIZATION

0

1

0.5 Pi

DEPOLARIZATION !
0

1

0.5 Pf
the same depolarization

Pf < Pi
independently of
initial trajectory



Spin-echo angular encoding:
the equations

Neutron spin phase after both precession zones:

(one before, one after the sample)

ξ1 −ξ2 ≈
2πγnBd ⋅ cot Θsinϕ

v

=
γnBdλ ⋅ cot Θ

v
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

2π sinϕ
λ

⎛ 
⎝ 
⎜ 

⎞ 
⎠ 
⎟ 

≈ δ ⋅ qy

The polarization is:

P(δ) = ∫ S(qx,qy,qz)cos(δqy)dqy/∫ S(qx,qy,qz)dqy ~ G(y)

In our experiments:
SE length δ is tuned mechanically by changing Θ
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Spin-echo angular encoding:
the experiment



Geometry at grazing incidence
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y
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qx = (2π/λ)( cosαf - cosαi )
qy = (2π/λ) sinϕ

αf    Resolve with PSD

ϕ Resolve with Spin Echo

tight collimation

coarse collimation



Grazing incident geometry

Θ

αi αf = αi

αf = -αi

TOP VIEW

SIDE VIEW
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THE SAME POLARIZATION IN DIRECT AND SPECULAR BEAMS



EVA transformed into a SERGIS prototype instrument

graphite 
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EVA during the transformation to SERGIS

Beam size 50x5mm

Wave numbers covered: 

1•10-3 - 4•10-2 Å-1

Max. SE time  in classical 

configuration (Θ=0) 0.07ns
Max. spin echo length 4500Å

δ =
γnBdλ ⋅ cot Θ

v
⎧ 
⎨ 
⎩ 

⎫ 
⎬ 
⎭ 

v

resonance
coil

λ (neutron wavelength) 5.5 Å

ν (neutron velocity) 720 m/s

Θ (tilt of precession coil) 50o

B (magnetic field in leg) 78 G

d (length of precession leg) 50 cm



Beam geometry
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First SERGIS experiments at the dedicated set-up EVA

In transmission geometry (SESANS)

• colloids of polystyrene (PS) spheres

• structured Al2O3 film

In grazing incidence geometry (SERGIS)

• Dewetted polymers on Si
homopolymer dPS
blend of homopolymers dPS and PpMS
diblock copolymer dPS-b-PpMS



SESANS results: Polystyrene spheres

2.5% polystyrene balls in 3:1 D2O/H2O
2mm thick cell P(δ)

P(0)
= exp G(δ) −G(0)[ ]

G(δ) =
1
k0

2 dQz
−∞

∞

∫ dQy
−∞

∞

∫ dΣ(Q)
dΩ

cos(Qyδ)

dΣ(Q)
dΩ

=VφV t ∆ρ( )2 f 2(QR)

f (QR) =
3 sin(QR)−QRcos(QR)[ ]

QR( )3
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Comparison with D-22

Small angle 

Scattering

at D-22

from a 2 mm cell

containing 2.5% 

latex balls

300 nm diameter 

into a solution

3:1 D2O/H2O

(P. Timmins, ILL)



Anodized Aluminium Oxide (AAO)

Dc, pore-to-pore distance = ~120nm
Dp pore diameter =50-60 nm
tb barrier layer thickness =~20nm
lp length of pore ~ 30 microns

50 nm

25 nm

0 nm

200 nmlp

200 nm

30 nm

15 nm

0 nm

Top view

Bottom view
Sample: Al2O3 from 
Tao Xu (ANL)



Small angle scattering from AAO 
as a function of the angle 
of the film’s normal to the incident beam.

Size of the beam: 2 x 2 mm
Neutron wavelength: 5.5 Å
Sample/detector distance 2.75 meters

SANS results: Anodized Aluminium Oxide



Geometry of scattering from one element of the AAO lattice.

 
 

 



2-dimensional scattering pattern of AAO



AAO. Correlation function in real space



SESANS results: Anodized Aluminium Oxide
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Spin-echo set-up for grazing incidence geometry



a) scattering geometry. The incident 
beam (I) impinges on the sample 
surface at a shallow angle αi; 
transmitted (T), specular (S) and 
diffuse (Y) intensities are 
simultaneously recorded by PSD.

b) Image taken by 2-dimensional PSD 
during real experiment. The size of the 
incoming beam at the sample position 
was 302 mm2.



Dewetting of polymer-blend films from Silicon

AFM picture of drops of 
d-polystyrene/
polyparamethylstyrene
on silicon

Zoomed AFM picture

Model of scattering 
length densities as seen
by X-rays(GISAXS)

Model of scattering
length densities as
seen by neutrons

(GISANS)

A comparative study of P. Müller-Buschbaum et al., Physica B283,53 (2000)



Homopolymer dPS (deuterated polystyrene)

Si

SiO2

Λ

pancake-type droplets

h

P. Müller-Buschbaum et al. 
J. Phys.: Cond. Mat. 17 (2005) S363–S386

Λ ~ 
h2

SFM image



Diffraction figure in transmission and reflection geometry

GISANS from 
copolymer droplets
D22(ILL), 8 hours

qx cosϑf - cosϑi cosϑf cosϕ - cosϑi

qy sinϑf sinϕ cosϑf sinϕ

qz sinϑI + sinϑf cosϕ sinϑf + sinϑi

Transmission      Reflection



Reflectivity experiment
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Contamination of the signal
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Calculated scattering at grazing incidence

Rauscher, Salditt and Spohn, PRB 52, 16855 (1995)

Columnar geometry of 

the density fluctuations

The scattering pattern

is quite similar at all angles

in the plane of 

specular reflection



SERGIS results: Homopolymer
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SERGIS results: PpMS (polyparamethylstryrene):dPS
BLEND 3:2

P. Müller-Buschbaum et al.
J. Phys.: Cond. Mat. 17 (2005) S363–S386
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SERGIS results: Diblock Copolymer
poly(styren-block-paramethylstryrene) P (S-b-pMS)

P. Müller-Buschbaum et al.
J. Phys.: Cond. Mat. 17 (2005) S363–S386
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Λ ~ h1
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Comparison of samples
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EXPERIMENTAL DATA AND CALCULATED CORRELATION FUNCTIONS

DIBLOCK COPOLYMERBLEND SAMPLE

L=15 nm d=490 nm
d=580 nm lDB=65 nm
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SERGIS findings on droplets of copolymer on silicon:

SERGIS detects 2 periodicities at the surface
The first is related to the droplet/droplet distance
The second to a vertical layering of the copolymer

Does the copolymer layering
propagate from droplet to droplet?

Image from:
“dewetting behavior of a block
copolymer/homopolymer
thin film on an immiscible
homopolymer substrate” B. Wei, J. Genzer and R.J. Sontak

Langmuir 20, 8659 (2004)



The mother of all experiments: 
Membrane Protein Structure/Function

SERGIS is an excellent probe
For near surface 
2-dimensional correlations
Range: 5nm-1µm.

Several instruments
Active or planned
(IRI Delft, ISIS,FRM2,
J-Parc,NIST,SNS…)

At SNS it should have
~100 times the power of 
EVA


