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® Magnetic scattering

® Paramagnetic NSE

® Ferromagnetic NSE: magnetic fields

® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

® Polarimetric NSE: chirality
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from the source to the detector
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Neutron Spin Echo
why ?
very high resolution

how !
using the transverse components of

beam polarization

Larmor precession
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after F Tasset

Why longitudinal 2227
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[ Larmor Precession ]

Motion of the polarization of a neutron beam
in 2 magnetic field
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after R. Gahler
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neutron spin echo spectroscopy
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neutron spin echo spectroscopy
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basic equations I
< < e B

/ >

for vi =vand vo = v+ Av =

o =wr L[1/v—1/(v+AV)] = wrlAv/v: = wp t Av/v
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basic equations
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scattering theory: Av — w
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neutron spin echo spectroscopy

7 flipper analyser
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Pyse = Ps(cos(¢ — (9))) = Ps fS 0. w

for quasi-elastic scattering w, =0

PYéh/Ps = R [S(Q,1)]/S(Q) = 1(Q, 1)
most generaly ¢ — () = f(q,w) o S((Q), 1),
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® Magnetic scattering

® Paramagnetic NSE

® Ferromagnetic NSE: magnetic fields

® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

® Polarimetric NSE: chirality

s
TUDelft



The vector interaction of a polarised
neutron beam with magnetic moments

- k
S, (G, ) = (vp0)? f[zpq (@lmlas) - (aslmLlas)

qi,qf

}a@—m+m)

for an unpolarised beam

S (Q,w) = 55,(Q,w)

Blume-Maleev equations: magnetic part
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The vector interaction of a polarised
neutron beam with magnetic moments

Sm (@, w) = (7P0)? ]Z—f{z

the polarisation dependent term:

Sm(Q,w) = S2(Q,w)

qi,qf

\

1 totally chiral
= 0 non-chiral

i B el lag) % Garlmola) ]| 58 — B+ ho)

41 right handed
— 1 left handed

S
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The vector interaction of a polarised
neutron beam with magnetic moments

- o k
Sn(G, ) = (100)? f[zpq (@lmlas) - (aslmlas) +

q:,qf

+i P (el lag) % Gaslmslas) ]| 58 — i+ ho)

Sm(Gw) = 8%(G,w)(1 - @P Q)

4 ) 4 )

1 totally chiral 41 right handed

n= () non-chiral — 1 left handed

\ J \ J
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The vector interaction of a polarised
neutron beam with magnetic moments

- o k
Sn(G, ) = (100)? f[zpq (@lmlas) - (aslmlas) +

qi,qf

+i P (el lag) % Gaslmslas) ]| 58 — i+ ho)

Sm(@aw) — an(éaw)(l -7 C }—); ) Q)
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The interaction of a neutron beam with
magnetic moments
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The interaction of a neutron beam with
magnetic moments

Sm(Q,w) = S5, (Q,w)(1 -7 ¢ P;- Q)
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polarised neutrons
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The interaction of a neutron beam with
magnetic moments

Sm(Q,w) = S5 (Q,w)(1 -7 ¢ Pi- Q)

[ Fp—— [ S

~ polarised neutrons

neutron intensity

1 | 1
-100 -50 0 50 100
scattering vector [arb. units]
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the vector interaction of a polarised neutron beam with
magnetic moments provides direct information on the
topology of the magnetic moments

if the topology of the magnetic moments is
known

the vector interaction of a polarised neutron beam with
magnetic moments provides direct information on the
topology of the neutron magnetic moments
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® Magnetic scattering

® Paramagnetic NSE

® Ferromagnetic NSE: magnetic fields

® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

® Polarimetric NSE: chirality

s
TUDelft



neutron spin echo spectroscopy
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paramagnetic neutron spin echo spectroscopy

sample analyser
P|IB I P1 P|B
_— bt
¢
7 /2 flipper 7 /2 flipper
4 1 > < 2 |
I
Idea”y average
echo modulation = ([+-1)/3
for |ﬁ| e Y S S ——

current in the phase coil

3
TUDelft



magnetic scattering :

p--alo-?

~

paramagnetic scattering : Py = —Q [Q . 132}

= Q

A

is of crucial importance

+C77}

paramagnetic scattering

chiral magnetic
scattering
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magnetic scattering : P; =—-Q [Q Py +¢ 77}

paramagnetic scattering : Py = —Q [Q . :}

the &t flipper is the sample

Murani, Mezei, 1980 'FU Delft



first direct observation of stretched exponential

relaxation in glassy systems
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more accurate measurements on AuFe 14% show
deviations from the stretched exponential
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]
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all relaxation functions of spin glasses follow
the same universal function
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Paramagnetic NSE also works for chiral scattering
the case of MnSi
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® Magnetic scattering

® Paramagnetic NSE

® Ferromagnetic NSE: magnetic fields

® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

® Polarimetric NSE: chirality
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neutron spin echo spectroscopy

7 flipper analyser
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paramagnetic neutron spin echo spectroscopy

sample analyser
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PIB || PLB @
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ferromagnetic neutron spin echo

7 /2 flipper 7 /2 flipper analyser

7w /2 flipper -

dl >
B
Idea”y average
echo modulation = ([+-1)/3
for |I3| =1 j ] T———

current in the phase coil
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a)

. NMR spin echos

© r stimulated
2 2 2 echo
b) 5.6 5.6 i
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Measurement of Vortex Motion in the Type-l|
Nb-Ta Superconductor

energy change of neutrons after diffraction by a moving Flux Line Lattice :

—

Superconductor
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Measurement of Vortex Motion in the Type-l|
Nb-Ta Superconductor

energy change of neutrons after diffraction by a moving Flux Llne Lattice :
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....and again the case of MnSi
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Phase diagram of MnSi
Hierarchy of energies — Bak and Jensen

existence of a TCP ? What are the implications ?

0.5 I'i||(110') o Ch) > Re X o = Im x;:.-
E 03
T ..
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27 28 29 30 31 32 280 285 29.0
T (K) T (K)

A.Bauer et al. PRL 110 (2013) p
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Evolution of fluctuations

Seen by with ferromagnetic NSE on IN15
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RELAXATION DOES NOT CHANGEWITH FIELD !

1
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RELAXATION DOES NOT CHANGE WITH FIELD !

B=024T

1072 107 10° 10"
Fourier time [ns]

CP et al, PRL in print 14U Delft



RELAXATION DOES NOT CHANGE WITH FIELD !
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Fluctuations co-exist with the SKL phase
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CP et al, PRL in print
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magnetic fields
® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

chirality
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intensity modulated neutron spin echo
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IMNSE - polarimetric NSE

transmission of the sequence

polariser highly monochromatised neutron beam analyser

S |
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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IMNSE - polarimetric NSE

transmission of the setup
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spin-flip scattering on the
helical Bragg peak of MnSi below T,

14x10°%}
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intensity modulated neutron spin echo

w /2 flipper /2 flipper analyser

7 /2 flipper 7 Y . 7 /2 flipper
1 %

re-polarizer

14
Idea”y average
echo modulation = (/+- 1) /3
for |P| =1 [ pz==ssr=ssssresrrsrevenny
. ) -2 -1 0 1 2
factor of 2 intensity loss current in the phase coi

3
TUDelft



B | LB @ _______ Upioﬂ _________ ® PLE ||PIB
i = P = > >
4 Bl 3 B2

intensity modulated neutron spin echo
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factor of 2 intensity loss current in the phase coi
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first IMNSE measurements

/SM Polarizer

emergence of magnons in Fe
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® Magnetic scattering

® Paramagnetic NSE

® Ferromagnetic NSE: magnetic fields

® |ntensity modulated NSE: for samples depolarising the
neutron beam: ferromagnets, superconductors

® Polarimetric NSE: chirality
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polarimetric neutron spin echo
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chiral fluctuations in MnSi above T
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