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= Beam polarisation vector

x Spin flippers and Spin filters

®x Cross-section & scattered polarisation vector

x PND — Polarised neutron diffraction (powder, crystal)
x UPA — Uniaxial polarisation analysis

x SNP — Spherical neutron polarimetry

x PNSE — Polarimetric neutron spin-echo
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Beam polarisation vector

neutron spin & neutron magnetic moment

x The neutron carries a spin S which is an internal
angular momentum with a quantum number s = 1/2.
The general spin wave of an itinerant neutron Is:

xX) = al+) + b|—) where \a|2 = |b\2 2

® [he 3 components of this angular momentum are given
by the Pauli matrices representing & = 25/ h:

(0 1 SRR i e g
G T S e O S
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Beam polarisation vector

neutron spin & neutron magnetic moment

® [he neutron carries a magnetic moment:

Ly = Y B0 Where 7, = —1.913

x [he gyromagnetic ratio of the neutron is t
between the magnetic moment and the s

—

B S
2771 B
A

where v, =

ne ratio

nIN Moment:

— - 1832-10% rads .. T

NB: the magnetic moment and spin are opposed.
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Beam polarisation vector

polarisation of a neutron beam

® [ he neutron beam Is a statistical ensemble of several
quantum states and the beam polarisation P = (7).

» \\e use the density matrix formalism to describe this
statistical quantum system:
= 1t 1+P, P,—1P,

e
p_§(1+ap)_§_Pa:+7/Py 1_Pz_

Only 3 real numbers are required to describe this 2x2
matrix, I.e. the statistical guantum situation.

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane
http://en.wikipedia.org/wiki/Statistical_ensemble
http://en.wikipedia.org/wiki/Quantum_state

Beam polarisation vector

polarisation of a neutron beam

® [he beam polarisation can therefore e seen as a
vector in space:

—

P = (6) =trace(p o)

® Ve can measure each of the 3 orthogonal components
iNn any arbitrary direction @ In space:

P, = trace |p (uy0, + uyo, + u.0,)]
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Beam polarisation vector

polarisation of a neutron beam

® Experimentally, we always measure the component
parallel to the field direction (quantisation axis):

P et (,rpa__ 3 rba_l_) 2% (Tp7_ Wt Tb’_)
(Fpt = T (= =15, )

2 2
G L

where r IS a neutron count rate, p/b stand for peak/
background, +/- for the spin states.
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Beam polarisation vector

polarisation of a neutron beam

» [or historical reasons, some people prefer to measure

the flioping ratio:
R—TP’JF_err (andP:R_ )
P R+

out it has no physical meaning and P Is recommended.
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Beam polarisation vector

polarisation of a neutron beam

= YOu can optimise the distribution of the times spent on
the peak, the background and the [+] and [-] spin states
to reduce the error bar.

Hopelessly, only [+]/[-] counting times can be optimised
with a 2D detector.

See http://www.ill.eu/sane/software/xop-

plugins-for-igor-pro/neutron-scattering-xop/
for an Igor Pro XOP providing all routines.
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Beam polarisation vector

polarisation of a neutron beam

® YOU must compensate for the variations of the incident
flux: choose the right sequence and a stable detector.

[
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Beam polarisation vector

polarisation of a neutron beam

» Using a flipping control unit, you can also minimise the
error bar by taking advantage of the high-precision
clock of your counter:

e
32 My tptp,+ th,— (Np,+tp,— T+ Np,—tp,Jr) — Mptplp 4+ tp,— (Nb,+ tp,— + Np, — tb,+)
_ 5 .
L omgRE T RN O R N,
B MR BN 0P’ N2
12 Mp t% t]29,—|— t]29,— - ((1 - Popt) tb,—|— Nb,— %3 (1 Y Popt) tb,— Nb,—|—)2 <t ;
P2 M (L% Pop)” 8 NE_ + (1= Pop) 2_ N2, )

with Py = denominator of P,
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Beam polarisation vector

polarisation of a neutron beam

» Heusler CusMnAl crystals: monochromatised beam,
large /2 contamination, =15 ¢m height max. (mag.
saturation), 95% polarisation with some variation on the
beam section.

= Polarising supermirrors: efficient above ~2A, 85-95%
polarisation but angular dependent unless Iin crossed
geometry (reduced transmission).

x SHe spin filters: polarisation decoupled from optical
functions, compromise polarisation/transmission.
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Beam polarisation vector

the action of a magnetic field

® |n a magnetic field, the polarisation rotates around the
fleld In a Larmor precession with the frequency:

wr(rad/s) = 18325 B(G)

x \Vith B aligned along the z-axis, we find:

gu
Vo
S~~~
N——
|

cos(wr.t) P (0) — sin(wr,.t) P, (0)
P,(t) = sin(wg.t) P (0) + cos(wy,.t)P,(0)

7~ N\
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Beam polarisation vector

the action of a magnetic field

= [f the guiding field rotates slowly compared to the
Larmor precession frequency, the polarisation is
transported adiabatically.

WL
Hesse 2> 30
. WHB
: /\/\/\/\ Zeeman
- w — energy
4 6 8 10 12 14 16 18 20 COﬂSGWGd

adiabaticit coefficien

DT I T N I A T

P PSSR oSSR e e e TR S e s s RN ONOICI I P A COICIGUES ot
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Beam polarisation vector

the action of a magnetic field

= [f the guiding field rotates slowly compared to the
Larmor precession frequency, the polarisation is
transported adiabatically.

Typically, for a 90° rotation over 10 cm e i > 30
WA
AA] | 0.4 1 4 10
Zeeman
B [G] | 255 102 290 10 energy

conserved
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Beam polarisation vector

the action of a magnetic field

® \Vhen setting up guiding fields, always be careful with
the reduction of the field amplitude at the location
where neutrons see a field rotation.
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Beam polarisation vector

the action of a magnetic field

® [he gaps between guiding field coils can lead 1o
depolarisation, even when the fields are parallel.
Also true for permanent magnets.

~
’
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Beam polarisation vector

the action of a magnetic field

® [N spin rotators, the loss of polarisation generally comes
from the region where the fields cancel, which is also
where the field (polarisation) rotates.

A\
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Beam polarisation vector

the action of a magnetic field

®x [he Magnaprobe is a very
useful tool. It illustrates very
well the true shape of the
magnetic field...

but NOT its magnitude !

AJA]] 0.4 1 e

BIG]| 255 102 25 10
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Spin Flippers & Spin Filters

Mezel's flipper

®x Example of a 11/2 flipper: the neutrons enter and exit
the coll non-adiabatically.

Bext, A dependent
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Spin Flippers & Spin Filters

Tasset’s cryotlipper

® [he neutrons enter the second coll non-adiabatically.
Perfect flipper even in 400 Gauss stray field.

Bext and A independent <1 mm Meil3ner’s screen
but Al and Nb in the beam
==
\ » B
4----*—--- ------------- - mfm o - I---- \.--‘_.---
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Spin Flippers ...

Tasset’s cryoflipper

x 99.9% efficient

= \>04A

x 10L liquid He

® 3 weeks autonomy
x Al & Nb in beam

= To be cooled down rlivecl B8

"

in zero field | 4

| S !A/
R + R
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Spin Flippers & Spin Filters
RF adiabatic flipper

® |n the rotating frame of the neutron, the polarisation
follows the effective field and rotates adialbatically.

A iIndependent and

Neutron School SoNS, Erice 2015
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Spin Flippers & Spin Filters
RF adiabatic flipper

153 kHz/10 A aohabahc ﬂlpper for A>0.4 A
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Spin Flippers & Spin Filters

SHe spin filters: optimised opacity

= Spin filters are characterised | | |
by thelr OpaClty . ; for Py, = 70%:

T=30% and P,=87%

O = Ntoy
~ 0.0797 plbar] £lem] A[A]

® [he total transmission and
polarising efficiency are:

T, o< cosh (OPsy,.)
Pe — tanh (OPSHG)
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Spin Flippers & Spin Filters
SHe polarising techniques: MEOP & SEOP

MEOP SEOP
= [ow pressure (=0.7 mbar) x directly at nominal
followed by compression pressure (1-4 bar)
» cell ready In 1-2 hours » cell ready after 1-2 days

x 70 - 80% °He polarisation = 70 - 80% °He polarisation
on Instrument on Instrument

® |arge system delivering ® system that can generally
gas remotely oe Installed on beam
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Spin Flippers & Spin Filters

SHe polarising techniques: SEOP station

circularly polarised laser
(Rb, K: 795nm, Na:330nm)

—>
polarised

3He cell

8 Gauss
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Spin Flippers & Spin Filters

SHe polarising techniques: SEOP station

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane

Spin Flippers & Spin Filters

SHe polarising techniques: SEOP station

: SEOP S|mpI|f|ed
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Spin Flippers & Spin Filters

SHe polarising technigues: SEOP station

1.1 bar *He 0.1 bar N, (K/Rb hybrid)
0.7 bar He 0.07 bar N,
0.5 bar “He 0.1 bar N,
2.7 bar “He 0.1 bar N,
1.0 bar *He 0.5 bar N,

10°
b (n/cmz/s)

)fb' ’M ‘w ‘v " ‘y‘ r ‘v-”‘ ;M ;sz.r’.y‘ !l ,v.’p-r ’M ‘«N 4”4"’ )‘I .FI v \I-/-\I . e i )
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8 Gauss

Spin Flippers & Spin Filters

SHe polarising technigues: MEOP station

polarized
; , .
circularly polarized fer Ce), He cell

O
laser (1083 nm) ‘

optical pumping cells

Titanium
piston
compressor

electric
discharge

-—
-
s

reservoir
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Spin Flippers & Spin Filters

SHe polarising technigues: MEOP station
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

= [he main difficulty resides in the ability to build good
cells and preserve the °He polarisation on the
iInstrument:

- 'rjwr‘;"")w;-‘-!w}' p——— - "
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

x [he main dif

lculty resides in the ability to build good

cells and presenve the °

e polarisation on the

iInstrument:
1 1 1 1
T i Lricta I e
S 14400 (1 OB, \° plbar]
i I p |bar] (BO or | [Cm]> I 830
1 0B

A\

Neutron School SoNS, Erice 2015

i.e. essentially

© Institut Laue Langevin

< 5-10*cm ™!

BO 87]_

http://www.ill.eu/sane



http://www.ill.eu/sane
http://www.ill.eu/sane

Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

long T+1 + RF cail flipping He polarisation
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Cross-section & scattered polarisation vector

theory: Maleyev, Blume,...

(@ =k; — ky)

Contribution Elastic scattering Inelastic scattering

(n) Nuclear On = NN e %H (N_Q, N@)
{Pro}, = P; o, ERr R e

(m) Magnetic o= M - Mj St ]Z—f SoB 0

(D

(P o = P

s k
1P a0 tm = —wa '

LR (J\L (}%-Mj)) a6+Sﬁa) — 003030l
B Q oM g)
(c) Magnetic = 215;- : (MI A ML> o, = -1 Sag oy
(11) {Pro}e = — 1 (M7 A ML) {Pra0}e = lEamSﬁv
s (50
(i) Nuclear— o; = QP;- R (N*ML> o; = k_i 2 S+
magnetic {ﬁfa}i = 2% (N*ML) 23 {ﬁfa}i = ]—Zf (§+ + S A f_’;)

QP;' A S (N*M_J_D

—

S+ =Hy (N—@7ML,(§)
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Cross-section & scattered polarlsatlon vector

theory: Maleyey, Blume,.

(@

Contribution Elastic scattering Inelastic scattering
L * RHRH ST
(n) Nuclear on = NN On = - H (N_Q,NQ)
{Pfa}n =P, 0, SRR e
(m) Magnetic = My - M it ]Z—f SaB Oas
(I) {Pfa}m = — P o+ {Pr.o0}tm

(c) Magnetic
(1)

(i) Nuclear—

magnetic

[Pro); = oR ( N =

Qﬁi A S (N*M_J_D
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Cross-section & scattered polarisation vector

theory: Maleyev, Blume,...

In general, the polarisation of a neutron beam will
change both in magnitude and direction upon
scattering from a magnetic material.
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Cross-section & scattered polarisation vector

theory: Maleyev, Blume,...

The changes in direction that take place on scattering
by a magnetic interaction vector are highly dependent
on their relative orientations.
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Cross-section & scattered polarisation vector

theory: Maleyev, Blume,...

When a magnetic field is applied at the sample,
the Larmor precessions lead to the loss of the
components perpendicular to the field.
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Polarised neutron diffraction

applied to the measurement
of magnetisation distributions

® [he nuclear-magnetic interference term is exploited to
measure ferro- and para-magnetic distributions.

Oo

50 == NN*—FMJ_'MT_—FQP;'%(N*MJ—)

+ P - (M AM))

® [he chiral term allows to measure the anti-
ferromagnetic distributions of chiral systems.
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Polarised neutron diffraction (powder)

magnetisation of systems
with no anisotropy and low magnetisation

®x Method: flipping difference
(53)
oS) /) |
6’_0
o))

A = 4P, N M,

NN*+ M M: +2P:N M, + 154 0

NN*+ M M| —2P;,N M, —1L, 0

w Background suppressed, higher sensitivity, easy to
scale and to correct for polarisation
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Polarised neutron diffraction (powder)

magnetisation of systems
with no anisotropy and low magnetisation

x [he instrument Is a powder diffractometer featuring:
® g polariser and a flipper
®x a cryomagnet (typically 40 mKto 300 K, 1 to 10 T)

® g radial oscillating collimator to get rid of the
background when measuring without polarised
neutrons

®x o method for determining the incident polarisation
and the sample depolarisation
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Polarised
neutron
diffraction
(powder)

magnetisation
of systems with
no anisotropy and low
magnetisation
e.g.
molecular magnets

nano-scale samples i ! B
biological samples ! ) \.
D20 (ILL)
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Polarised
neutron
diffraction
(powder)
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of systems with
no anisotropy and low
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Polarised
neutron
diffraction
(powder)

magnetisation
of systems with
no anisotropy and low
magnetisation
e.g.
molecular magnets
nano-scale samples
biological samples
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Polarised neutron diffraction (powder)
polariser/flipper used

Cryopol

neutron beam polarised
with a *He spin filter

3He polarisation maintained o e || [
with homogeneous field e
trapped in Meil3ner cylinder
4 |
polarisation flipped
using non-adiabatic transition ”l
(i.e. Cryoflipper) ey
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Polarised neutron diffraction (powder)
polariser/flipper used on D20, D1B

Cryopol

99.9 % flipping
efficiency above
0.3 Ain 400 G

T4>180 hours
at 1 bar

.............
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Polarised neutron diffraction (powder)
polariser/flipper used on D20, D1B
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Polarised neutron diffraction (powder)

magnetisation of systems
with no anisotropy, Iow magnetisation

® [he Incident beam polarisation Iis determined
continuously using two monitors placed before and
after the spin filter:

\/1 (Moo /Mig)?
(M /M)~

€ T
S M3 My [My Mo (Mg + Mag) + MygMaog(My + Ms))]
: Mo M3 (MiaMs — M7 Ms)

Mio0 and Mo are measured for Psqe = O
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Polarised neutron diffraction (powder)

magnetisation of systems
with no anisotropy, Iow magnetisation

® [he [+] and [-] spectra are corrected for the time-
dependent transmission and efficiency of the filter:

2
V() L+ €
P ]
it D Nyl o, A n(\/;e)

N, lo, A p Ny lo, A Pag,
T = €exp 7 cosh 7

= [Nhe spectra are then averaged at each temperature
and applied magnetic field.
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Polarised neutron diffraction (powder)

magnetisation of systems
with no anisotropy, Iow magnetisation

® [he scale factor Is determined from the refinement of

the non-polarised measurements (spin filter removed -
flux x3).

» [he scale factor Is then corrected for the transmission
of the glass of the cell ¢ and the depolarisation in the
sample Ds:

ARN M & = Ds i ( ) A(tj))

J=1
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Polarised neutron diffraction (powder)

Example #1: deuterated Prussian Blue

_IIIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIIj

20

3

Intensity (arb. unit x10 )

o

IIIIIIIIIII
D e B N R

C
|

- j Prussian Blue at 3K, 5T .
Ol j ********************************************************** D20 w/ Cryopol at 1.30A on 18/07/08 =
. ], Cell GE224/R 10x8x22/D2002 »

= ]r P = 672 £02%T, = 103 £ 4hours =

O L e =

|0 20 30 40 0 60

205 (%)
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Polarised neutron diffraction (powder)

Example #2: (NHa)s[FeCls(H:0)]

4000 IIII|IIII|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIIIIIIII

i Pl
L3 L)

2000

FTTT T T T[T TTT[TT]
e
4 :lh-. illl.
||||I|||||||||I||||

S

Intensity (arb. unit )
o

S (NH),[FeCl5(H,0)] at 15K in6T
i I DB with Cryopol-Il at 2.52A on 18/06/15
4 = Cell GE224/R10x8x22/D20/0

& T P3te) = 66.5 £ 0.2 %,T, = 180 + 6 hours

4

-2000

~4000 ||||I|||||||||I||||||J'|||I|||||||||I|||||||||I|||||||||I|||||||||
20 40 {0) 80 100 120

o

205 (%)
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

® Method: flipping ratio

Oo

oG = NN" 4+ My - M +P;- (M1 A ML) + 2P, - R(N"M.)

w \\e exploit the interference term to enhance the
sensitivity

& 1 3%
[ M|} SNad P =0 I N? + 0.01N"

0
- 1 3
I|MJ_H x —N and P, = + (O) = Y

10
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

® Method: flipping ratio

Oo

o MEAM,) + 2B - R(N*M, )

— NN* 4+ M, <M 4P

For a ferromagnetically aligned sample, we measure:

i N? 4+ sin“ (o) M2 +2p, sin(a) N.M,
I N2 4fsin’(a) M2+ 2p_ sin®(a) N.M,

where p;. and p_ are the incident polarisations, « is the
angle between ) and B.
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

® Method: flipping ratio

Oo

SEZNN* MLME ZP?'\*’ﬁi/\ML) QﬁZ%(N*Mi)

We deduce M from the equation:

R+1 R+ 1
§252 R——-|— 1 T \/(Ri— ) —Sinz(&)

where 7 is the ratio M /N. The distribution in real space
IS obtained by Fourier transformation (max. Entropy).

~
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

phenyl nitronyl nitroxde
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

® Steady-state source asymmetric
o cryomagnet
. 0.4 - 4A i

® Heusler + (cryo)flipper

MONO- sSpin Spin liit[gle
chromator  polariser flipper detector

48U
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

= Pulsed source 7 asymmetric
o cryomagnet
. 0.4-4A i

x SHe spin filter & flipper

*He spin large
choppers filter & flipper detector

"o

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane
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Content

® Scam polansation vector

x 5PN flippers and Spinfiters

® (Or0SS-Section & scattered polarisation vector

x PND — Polarised neutron diffraction (powder, crystal)
x (JPA - Unlexial polansation analysis

x SNP - Sphercal neutron polarnmetry

x PNGE — Polarnmetric neutron spin-echo
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Content

® Scam polansation vector

x 5PN flippers and Spinfiters

® (Or0SS-Section & scattered polarisation vector

x PN — Polarsed neudtron diffraction (powoer, crystal)
x UPA — Uniaxial polarisation analysis

x SNP — Spherical neutron polanmetry

x PNGE — Polarnmetric neutron spin-echo
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

Neutron School SoNS, Erice 2015

® [he incident polarisation is set adiabatically in any

direction Z or@Q:

g e N
o= NeZELIN - M, L)
o= No g, M )
o= Mo, M |

» |f the polarisation is parallel to the scattering vector Q,

on
Spl

N-flio cross-section.

© Institut Laue Langevin

y the nuclear contribution participates to the non-

http://www.ill.eu/sane
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

® On three-axis spectrometers

Heusler

ot Heusler

Helmholtz
colls

Detector
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

J
b
s
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions on SANS, Reflectometers

-

et
T) = 500 h
Hmax ~ IOG
£ =700 mm
10~> loss/flip

|
/

b i

@140 Si-windowed cell, pneumatic valve,
permanent static field, flipper included.
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Uniaxial polarisation analysis

XYZ Method — Generalisation to PSD detector
applies only to Isotropic magnetisation

®x Separation of the nuclear coherent, magnetic, spin
iIncoherent and isotope Incoherent contributions

S ISR
a=QizT Y =0z
O_Sf _O_Sf-‘_ . 2 tels 1_fr
— %atan mt? :;:fy i (147)-cos?a—2r+1
Ogx" —O0y : O'Sf—O'Sf
ns f nsf Wlth s ilscf zf
g 3210 0y’ —O
> onsI et Hane )

nsf nsf
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Uniaxial polarisation analysis

XYZ Method — Generalisation to PSD detector
applies only to Isotropic magnetisation

®x Separation of the nuclear coherent, magnetic, spin
iIncoherent and isotope Incoherent contributions

e

:_ _I_ COS /y) O-mag o, O-Sf]/

1 (- .2 2 2
i 5 ( —+ SIN~7y « COS Oz) Omag T 5 Osi
ns 1 (- A 2 1
fo 5 _—smv-cos )O’mag ~ 5 Ogi T Onc Tt 04
P 2 2
O'?‘jf Fate sin? 7 Sin a) sl § o)
1
2
1
2

Y aBBe ) BB B/ e GV s BBV o BT

Wl WINd

; 2
1 — COS 7) Omag T Osi T Onc 1 Ojj
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Uniaxial polarisation analysis
XYZ Method: generalisation to PSD detector

—-..h

-’ . . -V, 3
v . S g ¥ SR
_— RO EN . :
=0 4 N iy
= — Bl 9. Lbhd - ——
-*r.- A ; !' g -

pgra

— ot
I oS e
> -
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Uniaxial polarisation analysis
XYZ Method — Generalisation to PSD detector
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Uniaxial polarisation analysis
XYZ Method — Generalisation to PSD detector

&

llllllllllllllllllllIllII|IIIlIIlmllIIlIIIl
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e m—
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—
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—
j—
—_

Polarisation

20 40

Ny .

SRS TSNS TS T DS DS S s T
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Uniaxial polarisation analysis
XYZ Polarisation Analysis

( 4{

.-1"’"'-\

DASTIS1 O T1 1OO hOurS
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Uniaxial polarisation analysis

XYZ Polarisation Analysis

x PASTIS 2.0:
@ 700 mm
T4 = 70 to 110 hours
D40 mm sample at 1.5 K
No dark angle

Pertect with graphite
monochromator/analyser
at steady-state source
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Content

® Scam polansation vector

x 5PN flippers and Spinfiters

® (Or0SS-Section & scattered polarisation vector

x PN — Polarsed neudtron diffraction (powoer, crystal)
x UPA — Uniaxial polarisation analysis

x SNP — Spherical neutron polanmetry

x PNGE — Polarnmetric neutron spin-echo
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Content

® Scam polansation vector

x 5PN flippers and Spinfiters

® (Or0SS-Section & scattered polarisation vector

x PN — Polarsed neudtron diffraction (powoer, crystal)
x (JPA — Uniaxial polarsation analysis

x SNP — Spherical neutron polarimetry

x PNGE — Polarnmetric neutron spin-echo
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Spherical neutron polarimetry

PP, + P
Pij = =2 with (i) € {z,9, 2}
1P|

A useful strategy is to measure the scattered
polarisation with incident polarisation parallel to
each of the polarisation axes in turn.

| N.N* = M. M* : 2<3£NMLZ) —2S(NVNMT )
P=| —29(NM:i,) N.N*=M M+2RDM M) 2§R(M LM )
2S(NM7 ) QR(M M7 ) N.N* — M, .M* ‘|—2§R(MJ_ M7 )
C 2Q(M L MY ) - 23(M Ly M7 ) ]
Plo=| 2R(NM;) with o = N.N*4+M Mi+P. | 2R(NM? )
QR(NMF ) 2R(NMT )
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Spherical neutron polarimetry

A lot of directional information is lost when only
intensities are measured.

9 i i BEBERES 2 = =
ﬁ—g:NN*JrML'Mj+7/Pz'°(Mj/\ML)jLQPi'%(N*Ml)

The vector properties of the neutron polarisation
provide a way of recovering some of this information.

> Oo

_
1

= PNN*— B,(M, - M?) + 2R(M, (P, - M?) +

oMy ADM?) +2R(N*M ) + 2P, A S(N*M, )
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Spherical neutron polarimetry

Antiferromagnetic single crystals
with non-zero propagation vector

0 . » s»
00 — i 4 i1, W11 B (VL A1) + 9P T

When M | is purely real or imaginary, the polarisation
rotates around M, by 180° - not a spin flip ! é

oo = 3 Y Tk Y D) *
pfém PNN* — P(My - M%)+ 2R(M (P, - M) +

—_—

oMy AMY) + 2R(N M, )+ 2P, AN M)
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

---------
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

---------
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

Nuclear Structure Factor
real part

imaginary part

Magnetic Structure Factor
real part, 6=—180°

imaginary part, =180°

Pure
Magnetic
Signal

Cross Section

@ ILL - http:/ vww.ill.eu/sane
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Spherical neutron polarimetry

Antiferromagnetic single crystals
with non-zero propagation vector

Oo

g = DA+ My - Mt 4B - (M} ANM,)+2P; - R(N*M, )

When M ; is complex, the polarisation rotates by 90°
and its Tinal orientation depends on ||M || /N.

0o . Segeteset s} =N T Y, 5] 0
pfm PNN* —P(M, - M7)+2R(M (P, - M%) +

—_—

o(M | ANDMT) + 2R(N*M | ) + 2P, A S{N*M )
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

---------
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

Nuclear Structure Factor
real part

imaginary part

Magnetic Structure Factor
real part, 6=-45°

imaginary part, #=-135°

Pure
Magnetic
Signal

Cross Section

@ ILL - http:/ vww.ill.eu/sane
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

---------
_______________________
______________
_________________

....... - Nuclear Structure Factor
real part

imaginary part
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Spherical neutron polarimetry

Antiferromagnetic single crystals
with zero propagation vector

do
o9

—

—(NN*)+ M, - M* +1P, - (B AM,) +2P;, - R(N*M )

When M, is real, the polarisation rotates toward M |
by an angle depending on ||M ||/N.

> Jo

P oo = PNNY— Pi(M - MY) + 2R(M. (P; - M) +

o(My A M)+ 2R(N*M ) + 2P, AS(N*M )
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0

Nuclear Structure Factor
real part

imaginary part

Magnetic Structure Factor
real part, #=—-90°

imaginary part, #=0°

Nuclear
Magnetic
in Phase

Cross Section
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Spherical neutron polarimetry

Antiferromagnetic single crystals
with zero propagation vector

do
o9

—

—(NN*)+ M, - M* +1P, - (B AM,) +2P;, - R(N*M )

When M is imaginary, the polarisation rotates
around M by an angle depending on ||M, ||/N.

> Jo

P oo = PNNY— Pi(M - MY) + 2R(M. (P; - M) +

o(My A M)+ 2R(N*M ) + 2P, AS(N*M )
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T=0

Nuclear Structure Factor
real part

imaginary part

Magnetic Structure Factor
real part, =0°

imaginary part, #=90°

Nuclear
Magnetic
in Quadrature

Cross Section
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_ Spherical neutron polarimetry
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Spherical neutron polarimetry

. D;I;‘m;' '

Cryopad - < 2mG in sample chamber

A\

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane

Imetry

| neutron polar

Spherica

http://www.ill.eu/sane
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Spherical neutron polarimetry
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Spherical neutron polarimetry
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Spherical neutron polarimetry
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Spherical neutron polarimetry
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Spherical neutron polarimetry
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dnsPAD: the incident direction of polarisation is controlled
with the field applied around the sample area.
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Spherical neutron polarimetry

Cr203 test experiment carried out on DNS...
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Spherical neutron polarimetry

area of vertical or
horizontal static field
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dnsPAD: the applied field decreases the resolution
with which the orientation of the polarisation is set.
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Spherical neutron polarimetry
Time of Flight Polarimetry?
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Solution proposed with a *He spin filter as analyser...
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Content

® Scam polansation vector

x 5PN flippers and Spinfiters

® (Or0SS-Section & scattered polarisation vector

x PN — Polarsed neudtron diffraction (powoer, crystal)
x (JPA — Uniaxial polarsation analysis

x SNP — Spherical neutron polarimetry

x PNGE — Polarnmetric neutron spin-echo
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Polarimetric Neutron Spin Echo

Spin-Echo Spectrometer high-resolution
. spectroscopy with
FEER relatively low flux
Cryostat reduction
w Th. Kellers’

sty lecture on Tuesday
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Polarimetric Neutron Spin Echo

Spin-Echo Spectrometer one component is lost,

ferromagnetic iIntensity divided by 2
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Polarimetric Neutron Spin Echo

ferromagnets in low field,

Spin-Echo Spectrometer intensity divided by 4

intensity modulated
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Polarimetric Neutron Spin Echo

antiferromagnets in

Spin-Echo Spectrometer zero-field, intensity
o divided by 4
polarimetric mode

Cryostat

Cryopad

1.0
0.8
0.6
0.4
0.2

0.0
3.5 4.0 4.5 5.0 5.5

wavelength (A)

1.0
0.8
0.6
0.4
0.2

0.0
3.5 4.0 4.5 5.0 5.5

wavelength (A)

C C
9 9
) ()]
L) R2)
(7] ()]
C C
© ©
e | -
+ +

sampleiin
zero-field

precession
field region Polariser

=N
\
\
\
| . —
[ .

precession
field region

T1/2 T1/2 T T
flipper flipper flipper flipper
incident outgoing
nutator nutator

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane

References

e R. Nathans et al., J. Phys. Chem. Solids 10 (1959) 138

® Y. [zyumov and S. Maleyeyv, Soviet Phys. - JETP 14 (1962) 1668

e M. Blume, Phys. Rev. 130 (1963) 1670

e M. Blume, Phys. Rev. 133 (1964) A1366

® Y. |lzyumov, Soviet Phys. - Usp. 16 (1963) 359

e G.M. Drabkin et al., Sov. Phys. JETP 20 (1965) 1548

® R. Schermer & M. Blume, Phys. Rev. 166 (1968) 554

e R.M. Moon, T. Riste & W. Koehler, Phys. Rev. 181 (1969) 2533

e \V. Mashal & S.W. Lovesey, Theory of thermal neut. scat., Univ. Press Oxford (1971)

® Yu.V. Taran, Dubna Report JINR, 1975, P3-8577; A.l. Egorov, V.M. Lobasheyv, V.A.
Nazarenco, et al., Sov. J. Nucl. Phys. 19 (1974) 147.

e (5.L. Squires, Intro. to the theory of neutron scat., Cambridge Univ. Press (1978)

e O. Scharpf & H. Capellmann, Phys. Stat. Sol. A135 (1993) 359; O. Scharpf & H
Capellmann, Z. Phys. B - Condens. Matter 80 (1990) 253

® A. Zheludev et al., Acta Cryst. A51 (1995) 450

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane

References

® [ Tasset, Physica B 156 & 157 (1989) 627

® A. Munoz et al., J. Phys.: Condens Matter 7 (46) (1995) 8821

e [ Tasset & E. Ressouche, Nuc. Inst. Meth. Phys. Res. A 359 (1995) 537
e PJ. Brown, Physica B 297 (2001) 198

e PJ. Brown et al., J. Phys.: Condens. Matter 14 (2002) 1957

e PJ. Brown et al., J. Phys.: Condens. Matter 15 (2003) 1747

o M. Kreuz et al., Nuc. Inst. & Meth. in Phys. Res. A 547 (2005) 583-591

® “Neutron scattering from magnetic materials” (2006) ISBN-10 0-444-51050-8
e £ [elievre-Berna et al., Physica B 397 (2007) 120 & 138

e . Babcock et al., Physica B 397 (2007) 172

® C. Pappas et al., Physica B 404 (2009) 2624

o J.R. Stewart, J. Appl. Cryst. 42 (2009) 69

o E. [elievre-Berna et al., Meas. Sci. Technol. 21 (2010) 055106

® (5. Ehlers et al., Rev. Sci. Instrum. 84 (2013) 093901

® Movies at http://www.ill.eu/sane/equipment/polarimetry/snp-simulations/

Neutron School SoNS, Erice 2015 © Institut Laue Langevin http://www.ill.eu/sane



http://www.ill.eu/sane
http://www.ill.eu/sane/equipment/polarimetry/snp-simulations/

Many thanks
for your attention
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