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FORMULATION OF THE PROBLEMFORMULATION OF THE PROBLEMFORMULATION OF THE PROBLEMFORMULATION OF THE PROBLEM

Neutron scattering uses Bragg’s law to 
measure a distance d within the sample

λλλλ=2d sinΘΘΘΘ

if d ‹‹λλλλ⇒⇒⇒⇒ ΘΘΘΘ is small

⇒⇒⇒⇒ to measure small ΘΘΘΘ one
has to collimate both
incident and scattered
beams

⇒⇒⇒⇒ measured intensity will
be very low

⇒⇒⇒⇒ one should try to find a  
way to measure small 
angles without  
tightening of the beam

ΘΘΘΘ

d

λλλλ
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Proposed solution:          
use spin-echo encoding of the momentum 
transfer  

depolarization of the beam is measured instead 
of the scattering angle

no collimation of the neutron beam is need

structural information about the sample is 
obtained in real space
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� Basic principles of neutron spin echo (SE).
Conventional SE for dynamic studies.

� SE angular coding for structural studies: 
transmission mode – SESANS;
thick (3d) samples

� Experiments in reflection geometry: SERGIS
(Spin-Echo Resolved Grazing Incidence     
Scattering);
ultra thin (2d) samples

OUTLINEOUTLINEOUTLINEOUTLINE
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LARMOR PRECESSIONLARMOR PRECESSIONLARMOR PRECESSIONLARMOR PRECESSION

Neutron properties:

Mass m=1.674928(1)·10-27 kg
Spin s=-ħ/2
Magnetic moment μ=-9.649·10-27 JT-1

ß-decay lifetime τ=886 s

μ

B
B B

μμμμ

μμμμ⊥⊥⊥⊥

μμμμ|| μμμμ⊥⊥⊥⊥

ωωωω = γγγγB
γγγγ = 2917 Hz/Oe
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CONVENTIONAL SPINCONVENTIONAL SPINCONVENTIONAL SPINCONVENTIONAL SPIN----ECHO ECHO ECHO ECHO 
FOR DYNAMIC STUDY FOR DYNAMIC STUDY FOR DYNAMIC STUDY FOR DYNAMIC STUDY 
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INELASTIC SCATTERINGINELASTIC SCATTERINGINELASTIC SCATTERINGINELASTIC SCATTERING
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+BO -BO
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DIFFERENT PATH LENGTHS FOR 
THE DIFFERENT TRAJECTORIES !
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+BO -BO

spin
analyser

spin
polarizer

FULL 

POLARIZATION

0

1

0.5 Pi

DEPOLARIZATION !

0

1

0.5 Pf

the same depolarization

Pi > Pf
independently of
initial trajectory

COLLIMATION IS NOT NEEDED!

Ф

-Ф

x

y

SCATTERING BY THE SAMPLESCATTERING BY THE SAMPLESCATTERING BY THE SAMPLESCATTERING BY THE SAMPLE



18.03.2011 PNPI Winter school 2011 12

In our experiments:
SE length δ is tuned mechanically by changingηηηη0

SPINSPINSPINSPIN----ECHO ANGULAR ENCODING:ECHO ANGULAR ENCODING:ECHO ANGULAR ENCODING:ECHO ANGULAR ENCODING:
THE EQUATIONSTHE EQUATIONSTHE EQUATIONSTHE EQUATIONS
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SPINSPINSPINSPIN----ECHO GIVES RESULTS IN REAL SPACEECHO GIVES RESULTS IN REAL SPACEECHO GIVES RESULTS IN REAL SPACEECHO GIVES RESULTS IN REAL SPACE

qz=0
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v

resonance
coil

EVA DURING THE TRANSFORMATION TO EVA DURING THE TRANSFORMATION TO EVA DURING THE TRANSFORMATION TO EVA DURING THE TRANSFORMATION TO 
SERGISSERGISSERGISSERGIS

λ (neutron wavelength) 5.5 Å

ν (neutron velocity) 720 m/s

Θ (tilt of precession coil) 50o

B (magnetic field in leg) 310G

d (length of precession leg) 50 cm

Beam size 50x5mm

Wave numbers covered: 

1•10-3 - 4•10-2 Å-1

Max. SE time  in classical 

configuration (ηηηη0=0) 0.07ns

Max. spin echo length 4500 Å

δ = γnBdλ ⋅ cotΘ
v

 
 
 

 
 
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EVA reflectometer transformed into a SERGIS EVA reflectometer transformed into a SERGIS EVA reflectometer transformed into a SERGIS EVA reflectometer transformed into a SERGIS 
prototype instrumentprototype instrumentprototype instrumentprototype instrument
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2.5% polystyrene balls in 3:1 D2O/H2O

2mm thick cell
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SESANSSESANSSESANSSESANS: : : : 
first experiments, first experiments, first experiments, first experiments, 

case of concentrated case of concentrated case of concentrated case of concentrated 
colloidscolloidscolloidscolloids
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GRAZING INCIDENCEGRAZING INCIDENCEGRAZING INCIDENCEGRAZING INCIDENCE

TRANSMISSION:
what to do with a very thin sample?

~10-2 m ~10-8 m
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GRAZING INCIDENCEGRAZING INCIDENCEGRAZING INCIDENCEGRAZING INCIDENCE
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GISANS vs. SERGISGISANS vs. SERGISGISANS vs. SERGISGISANS vs. SERGIS

αf    Resolve with PSD

ϕ Resolve with Spin Echo

tight collimation

coarse collimation

SpinSpinSpinSpin----Echo Resolved Echo Resolved Echo Resolved Echo Resolved 
Grazing Incidence Grazing Incidence Grazing Incidence Grazing Incidence 
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Grazing Incidence Grazing Incidence Grazing Incidence Grazing Incidence 
Scattering Neutron Scattering Neutron Scattering Neutron Scattering Neutron 

ScatteringScatteringScatteringScattering
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a) The 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 simultenuously
recorded by PSD. b) Image taken by 2-
dimensional PSD during real experiment. The 
size of the incoming beam at the sample position 
was 30×2 mm2.

P0

P0

Pd

SERGISSERGISSERGISSERGIS

GISANSGISANSGISANSGISANS
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possible reference data in reflection mode:
• separate scan with no sample 
• separate scan with a reference sample

• direct beam (at high αi)

• specular beam (at high αi) possible reference data in transmission mode:
• separate scan with no sample 

POLISHED SILICA CRYSTAL

REFLECTIVITY REFLECTIVITY REFLECTIVITY REFLECTIVITY 
REFERENCE MEASUREMENTREFERENCE MEASUREMENTREFERENCE MEASUREMENTREFERENCE MEASUREMENT



18.03.2011 PNPI Winter school 2011 27

20 40 60 80 100 120 140
10-2

10-1

100

101
1.5 1.0 0.5 0.0 -0.5 -1.0 -1.5

in
te

ns
it

y 
(a

rb
. u

n.
)

R
O

I

 αf  (deg) 

PSD channels
R

O
I

““““PURIFICATIONPURIFICATIONPURIFICATIONPURIFICATION”””” OF THE SIGNALOF THE SIGNALOF THE SIGNALOF THE SIGNAL



18.03.2011 PNPI Winter school 2011 28

SAMPLES: DEWETED POLYMER FILMSSAMPLES: DEWETED POLYMER FILMSSAMPLES: DEWETED POLYMER FILMSSAMPLES: DEWETED POLYMER FILMS

polymerpolymerpolymerpolymer
blendblendblendblend

PpMS:dPS = 3:2PpMS:dPS = 3:2PpMS:dPS = 3:2PpMS:dPS = 3:2
polyparamethylstyrenepolyparamethylstyrenepolyparamethylstyrenepolyparamethylstyrene

polystyrenepolystyrenepolystyrenepolystyrene

diblockdiblockdiblockdiblock
copolymercopolymercopolymercopolymer

poly(poly(poly(poly(styrenstyrenstyrenstyren----blockblockblockblock----
paramethylstyreneparamethylstyreneparamethylstyreneparamethylstyrene) ) ) ) 

P(SP(SP(SP(S----bbbb----pMSpMSpMSpMS))))

dPS dPS dPS dPS 
deuterateddeuterateddeuterateddeuterated
polystyrenepolystyrenepolystyrenepolystyrene

SiO2

SiO2

SiO2

regular phase
separation
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DATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGIS

Modeling of the scattering from the Modeling of the scattering from the Modeling of the scattering from the Modeling of the scattering from the 
dewetted polymer dropletsdewetted polymer dropletsdewetted polymer dropletsdewetted polymer droplets

Specific of grazing incidence scattering: Specific of grazing incidence scattering: Specific of grazing incidence scattering: Specific of grazing incidence scattering: 
framing of the formframing of the formframing of the formframing of the form----factor by the Fresnel factor by the Fresnel factor by the Fresnel factor by the Fresnel 
transmission coefficientstransmission coefficientstransmission coefficientstransmission coefficients
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DATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGISDATA ANALYSIS IN SERGIS

Choice of the interference function Choice of the interference function Choice of the interference function Choice of the interference function –––– structure factor of structure factor of structure factor of structure factor of 
oneoneoneone----dimensional ideal paracrystal (Hosemann and dimensional ideal paracrystal (Hosemann and dimensional ideal paracrystal (Hosemann and dimensional ideal paracrystal (Hosemann and BagchiBagchiBagchiBagchi))))

Hosemann, R.; Bagchi, S. N. Direct Analysis of Diffraction by Matter (North-Holland Publishing Company: 
Amsterdam, 1962).

D D D D ---- the mean value of the the mean value of the the mean value of the the mean value of the 
lattice parameter lattice parameter lattice parameter lattice parameter 
σσσσ---- its standard deviation if its standard deviation if its standard deviation if its standard deviation if 
the disorder factor obeys the disorder factor obeys the disorder factor obeys the disorder factor obeys 
Gaussian distributionGaussian distributionGaussian distributionGaussian distribution
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1μm 1μm

COMPLIMENTARY DATA COMPLIMENTARY DATA COMPLIMENTARY DATA COMPLIMENTARY DATA ---- AFMAFMAFMAFM
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POLYMER BLENDPOLYMER BLENDPOLYMER BLENDPOLYMER BLEND

SERGISSERGISSERGISSERGIS
model:model:model:model:
R=170 nmR=170 nmR=170 nmR=170 nm
H=20 nmH=20 nmH=20 nmH=20 nm
D=480 nmD=480 nmD=480 nmD=480 nm

σσσσ= 50 nm= 50 nm= 50 nm= 50 nm

AFM:AFM:AFM:AFM:
D=450 nmD=450 nmD=450 nmD=450 nm
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DIBLOCK COPOLYMERDIBLOCK COPOLYMERDIBLOCK COPOLYMERDIBLOCK COPOLYMER

SERGISSERGISSERGISSERGIS
model:model:model:model:
R=230 nmR=230 nmR=230 nmR=230 nm
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σσσσ////D=0.17D=0.17D=0.17D=0.17
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D=630 nmD=630 nmD=630 nmD=630 nm

GISANS/GISAXS:GISANS/GISAXS:GISANS/GISAXS:GISANS/GISAXS:
D=600 nmD=600 nmD=600 nmD=600 nm

δy
SE (nm)

P 1
/ P

0

0 100 200 300 400 500

-0.5

0.0

0.5

1.0

SERGIS

AFM

internal structure due to internal structure due to internal structure due to internal structure due to 
the regular phase the regular phase the regular phase the regular phase 
separation?separation?separation?separation?

AFM and GISAXS can not see internal structure, AFM and GISAXS can not see internal structure, AFM and GISAXS can not see internal structure, AFM and GISAXS can not see internal structure, 
GISANS can see and does see. What about SERGIS?GISANS can see and does see. What about SERGIS?GISANS can see and does see. What about SERGIS?GISANS can see and does see. What about SERGIS?
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improvements:                         time factor:improvements:                         time factor:improvements:                         time factor:improvements:                         time factor:
monochromator monochromator monochromator monochromator ΔλΔλΔλΔλ////λλλλ 5%              /55%              /55%              /55%              /5
improved polarization circuit            /2improved polarization circuit            /2improved polarization circuit            /2improved polarization circuit            /2
improved measuring algorithm         /10improved measuring algorithm         /10improved measuring algorithm         /10improved measuring algorithm         /10
(one component, less points)(one component, less points)(one component, less points)(one component, less points)

12 h / 100 12 h / 100 12 h / 100 12 h / 100 ≈≈≈≈ 10 min10 min10 min10 min



18.03.2011 PNPI Winter school 2011 43

The SERGIS scattering technique can be especially The SERGIS scattering technique can be especially The SERGIS scattering technique can be especially The SERGIS scattering technique can be especially 
advantageous for studying  advantageous for studying  advantageous for studying  advantageous for studying  
---- very soft, very soft, very soft, very soft, 
---- fragile, fragile, fragile, fragile, 
---- and liquid surfaces and liquid surfaces and liquid surfaces and liquid surfaces 
---- as well as buried interfaces as well as buried interfaces as well as buried interfaces as well as buried interfaces 
structured on length scales varying from structured on length scales varying from structured on length scales varying from structured on length scales varying from 
nanometers to subnanometers to subnanometers to subnanometers to sub----micrometers. micrometers. micrometers. micrometers. 

Alternative techniques, such as AFM and SEM, Alternative techniques, such as AFM and SEM, Alternative techniques, such as AFM and SEM, Alternative techniques, such as AFM and SEM, 
cannot be applied for such kinds of objects.cannot be applied for such kinds of objects.cannot be applied for such kinds of objects.cannot be applied for such kinds of objects.

Due to the grazing angle geometry, structural Due to the grazing angle geometry, structural Due to the grazing angle geometry, structural Due to the grazing angle geometry, structural 
information about surfaces/interfaces can be information about surfaces/interfaces can be information about surfaces/interfaces can be information about surfaces/interfaces can be 
obtained with adjustable depth resolution.obtained with adjustable depth resolution.obtained with adjustable depth resolution.obtained with adjustable depth resolution.

CONCLUSIONCONCLUSIONCONCLUSIONCONCLUSION
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