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Content L)

x 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 Polarimetric Neutron Spin Echo
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x Beam polarisation vector

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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Beam polarisation vector
neutron spin & neutron magnetic moment

» 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:

X)) = al+) + bl—) where \a\z s |b\2 e

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

J_01 {0 = sy g
T R R e
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Beam polarisation vector

neutron spin & neutron magnetic moment

® [he neutron carries a magnetic: moment:
Ly = Y B0 Where o, = —1.913

x [he gyromagnetic ratio of the neutron is the ratio
between the magnetic moment and the spin moment:

—

St
27n HB

where v = g ~1.832-10° rad.s™ . 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).

x \We use the density matrix to describe this statistical
quantum system:

S s R S e o
p_§(1+ap)_§_Px+7/Py 1_Pz_

Only 3 real numbers are required to describe this 2x2
matrix, 1.e. the statistical guantum situation.
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Beam polarisation vector
polarisation of a neutron beam

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

—

P =(d) =trace(p o)

x Ve can measure each of the 3 orthogonal components
N any arbitrary direction ¢t in space:

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

x Experimentally, we always measure the component
oarallel to the field direction (quantization axis):

P 232 (,rpa__ 3 ’rba_l_) 2% (/rpa_ Wl ,rba_)
(g ) i e )

2 2
Gy (afp,_ T Ugb,_) iy = =T~ (ng,+ + U?b,Jr)

(Tpﬂr IR s rb,—)4

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 flipping ratio:

out it has no physical meaning and P Is recommanded.
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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 optimsed
with a 2D detector.

See http://wwwiill.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.

A A

i P+0 " P=0

e Jt
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Beam polarisation vector
polarisation of a neutron beam

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

=
3 My tpto + b~ (Np,thp,— T+ Np,—tpﬂr) — Mptplp +tp— (Nb,+ th,— + Np, - tb,+)
: ; .
L MR RN, 0P N
B MR BN 0P e ML)
4 Mp t% t]23,—|— t129,— - ((1 T Popt) tb,—|— Nb,— 9% (1 Y Popt) tb,— Nb,—|—)2 -+ ;
P? M P 8 N2+ (1= Poy)” 82 _ N2, )

with Py = denominator of P,
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Beam polarisation vector
polarisation of a neutron beam

x Heusler CusMnAl crystals: monochromatised lbeam,
large A/2 contamination; =15 cm height max. (mag.
saturation), 95% polarisation with-some variation on the
beam section.

x Polarising supermirrors: efficient albove 2 5A, 85-95%
polarisation but angular dependent unless in crossed
geometry (reduced transmission).

» SHe spin filters: polarisation decoupled from optical
functions, compromise polarisation/transmission.
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Beam polarisation vector
the action of a magnetic field

x [N a magnetic field, the polarisation rotates around the
field iIn a Larmor precession with the frequency:

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

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

go
N\
[
N
I

cos(wr 1) P (0) = sin(wr, .t
P, (t) = sin(wr 1) P (0) + cos(wy .t) P

N
@@hg
~—~
o O
Nt e
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Beam polarisation vector
the action of a magnetic field

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

| | W,
E=—> 30
] after d rotatior 1
s /\/\/‘/\ Zeeman
4 6 8 10 12 14 8 20 conserved

adiabaticity coefficient
... SOISPIACIEA COGLICIENE
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Beam polarisation vector
the action of a magnetic field

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

Typically, for a 907 rotation over 10 cm i :)—L > 30
B
ANA | 04 1 4 10
Zeeman
B|lG] | 255 102 25 10 energy

conserved
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Beam polarisation vector
the action of a magnetic field

x \When 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:colils: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.
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Beam polarisation vector
the action of a magnetic field

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

but NOT its magnitude !

AAl| 04 1 4 10

BIG]| 255 102 25 10
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x Beam polarisation vector

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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" Soam polansationvestor

x Spin flippers and Spin filters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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Spin Flippers & Spin Filters

Mezel's flipper

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

G

. .
.
.

Bext, A dependent
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Spin Flippers & Spin Filters

lasset’s cryoflipper

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

Bext, A independent and 1 mm MeifBner’s screen
but Al and Nb-in the beam

A N B

o] == I---- \---’—---
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Spin Flippers ...

Tasset’s cryoflipper

x 99.9% efficient

= A>04A

» 10L liquid He

x 3 weeks autonomy
x Al & Nbinlbeam

® [0 be cooled down
N zero field !
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Spin Flippers & Spin Filters
RFE adiabatic flipper

x |n the rotating frame of the neutron, the polarisation
follows the effective field and rotates adiabatically:.

A independent and

no material in the beam RF coll
—
O e e e
b s 0
---------------------- ____!.......
B0 e
—
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Spin Flippers & Spin Filters
RFE adiabatic flipper

153 kHz/10 A adlabahc ﬂlpper for A>0.4A

%ff———

N
e
-
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Spin Flippers & Spin Filters

SHe spin filters: optimised opacity

x Spin filters are characterised | N
by their opacity: | | for P, = 70°%:

T=30% and P_=87%

O = NKUH
~ 0.0797 plbar] £lem] A[A]

x [he total transmission and
polarising efficiency are:

T, o< cosh (OPsg,)
Pe = tanh (OPBHQ)
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Spin Flippers & Spin Filters
SHe polarising technigues: MEOP & SEOP

MEOP SEOP
® [ow pressure (=0.6 mbar) = directly at nominal
followed by compression pressure (1-4 bar)
x cell ready in1-2-hours x cell ready after 1-2 days

x 75 - 80% °He polarisation = = 75 - 82% 3He polarisation
on Instrument on Instrument

x |arge system delivering ® compact system which
gas remotely can be installed on beam

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin
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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
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Spin Flippers & Spin Filters

SHe polarising techniques: SEOP station

. . SEOP simplified
- "§°
V" *‘VJ% |
7
/
4
/
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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
4_(n/cm®/s)

x)}y’xW}WMwmxx‘r#‘xy'ﬂ )nf_ TP I-J‘ 5 ® D D o D i D o -
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Spin Flippers & Spin Filters

SHe polarising technigues: MEOP: station

polarized
circularly polarized cfer s 3He cell
/\ laser (1083 nm) o> .//

optical pumping cells

titanium
piston
compressor

8 Gauss
discharge
reservoir
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Spin Flippers & Spin Filters

SHe polarising techniques: MEOP station
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

x [he main difficulty. resides in the ability to build good

cells and preserve the SHe polarisation-on the
instrument;
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

x [he main difficulty resides in the ability to build good
cells and preserve the SHe polarisation-on the

INstrument:
EEERER
PR T s
SR s [har)
R plbar] \ B, Or |cm] 830
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

spin filter cell
polarised on-line
with VBG laser

CI PP I I I I DI T TG 7454
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Spin Flippers & Spin Filters

SHe spin filters: cells & magnetostatic cavities

RF coil flipping *He polarisation
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x Spin flippers and Spin filters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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x  SPIN IPRErs ana:Spiniters

x Cross-section & scattered polarisation vector
x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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Cross-section & scattered polarisation vector

theory: Maleyev, Blume,...

(@ =F; — ky)

Contribution Elastic scattering Inelastic scattering
(n) Nuclear On = NN e IZ—fH (N_@,Né>
SR et {Pra}, = P; o,
(m) Magnetic o= M- Mj esyess IZ—{ SaB 00
= = 3 k
(I) {PfJ}mZ—Pfi it eats {Pf’aa'}m—k—fpwm..
2R (MJ_ (Pz . Mj)) ‘! [(Sag -+ S@a) > 5@65604]
SO‘B:H( 1-Q LQ)
(c) Magnetic =P - (Mj A ML> Gty Sag €0y Liny
(1) {Pro}e= =1 (M7 A My {Pravhe = %amsﬂv
sl gt
(i) Nuclear— o, =2P; - R (N*ML> 0 = _]—f—i_ 1S, - P
magnetic {Pro}; = 2R (N*]\ZL) 2% {Po}; = %{— (§+ +15- f_’;)
ZP;;/\?S(N*MJ_D gi:Hi(N_@,MJ_Q*
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Cross-section & scattered polarlsatlon vector
theory: Maleyev, Blume,... (@ =(7 ‘

Contribution Elastic scattering Inelastic scattering

. K
(n) Nuclear o, = NN On = - H (N_Q»,NQ»>
{PfO'}n — Pz On

(m) Magnetic

(D

Om = k_'z, Sag 5045
3 k
{00 b = k_fp’éﬁ ]

(c) Magnetic

(L)

(i) Nuclear—
{P 0 b= 2N ( N*M |

magnetic )
2P AS (N “M Q
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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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x  SPIN IPRErs ana:Spiniters

x Cross-section & scattered polarisation vector
x PND = Polansectnetirartaiiifactionoowder crystal)
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" Soam polansationvestor

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND - Polarised neutron diffraction (powder, crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polanimetric Neutron - Spin =cho
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Polarised neutron diffraction

applied to the measurement
of magnetisation distrioutions

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

do

50 == NN*%—MJ_'M_T_—FQP;'QR(N*MJ—)

+ P, - (M* AM))

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

magnetisation of disordered systems
with no anisotropy and low magnetisation

x Method: flipping difference
(53)
os) ) |
do
oS )

A = 4P, N M,

NN+ Ny M +28,NM, +1F:0

NN M M; =2B,NM, —i1F0

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

magnetisation of disordered systems
with no anisotropy and low magnetisation

® [he Instrument is a powder diffractometer teaturing:
® g polariser and a flipper
x g cryomagnet (typically 40 mKto 300 K, O to 10 T)

x 3 radial oscillating collimator to get rid of the
background when measuring without polarised
neutrons

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

magnetisation of

disordered systems

with no anisotropy and
low magnetisation

e.g.
molecular magnets v
nano-scale samples il >
piological samples \ A

D20 (ILL).
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Polarised neutron diffraction (powdery)
polariser/flipper used on D20

Cryopol
neutron beam polarised il
with a *He spin filter Meisiner
SHe polarisation maintained s
with homogeneous field
trapped in Meif3ner cylinder “oeorn |

polarisation flipped
using non-adiabatic transition

External diameter: 346 mm
}I}J}J_H:JtJjJ:qr"'fl"P'."."j 7 7 7 ¥ J ~ J 7
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Polarised neutron diffraction (powder)
= polariser/flipper used on D20

Cryopol

99.9 % flipping
efficiency above
0.3 A'In 400 G

T1=120 hours
at 1 bar

BRI
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Polarised neutron diffraction (powder)

INSIS Summer School - July 2012 - Italy


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

Polarised neutron diffraction (powder)

magnetisation of disordered systems
with no anisotropy, low magnetisation

x [he Incident beam polarisation is:determined

continuously: using two-monitors placed before and
after the spin filter:

S \/1 (Moo /Mig)?

(Mo /My )?
S M My [My Mo (Mg 4 Mag) + MigMsog(M;y + Ms)]
: Mo M3 (MioMs — M Ms,)

Mio0 and Mo are measured for Pspe = 0O

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin
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Polarised neutron diffraction (powder)

magnetisation of disordered systems
with no anisotropy, low magnetisation

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

2
V() L+ €
P 3 ]
it D NG log A n(\/;e)
: D ING oy A i p Ny lbo, N P,
T o1
: Vo Vo

® [he spectra are t
and magnetic ap

INSIS Summer School - July 2012 - Italy

nen averaged at each temperature

olied field.
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Polarised neutron diffraction (powder)

magnetisation of disordered systems
with no anisotropy, low magnetisation

» [he scale factor Is determined from the refinement of

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

® [Nhe scale tactor is then corrected for the transmission

of the glass of the cell- T¢ and the depolarisation in the
sample Ds:

ARN M. & o Ds i ( ) A(t;,-)>

J=1
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Polarised neutron diffraction (powder)

Example: deuterated Prussian Blue

IIIII|IIIIIIIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|IIII|IIIj

20 _—% ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ s
o oSET =
o :
= waege 1% 31 E
> - 3 & -
i o:__%gl
s F E
> = >
§ - 7 Prussian Blue at 3K, 5T .
g -0 —J ************************************** D20 w/ Cryopol at 1.30A on 18/07/08
- , Cell GE224/R 10x8%x22/D2002 -
= 1 P = 672 £ 02 %T, = 103 £ 4hours  *
T e e P WU TE

|0 20 30 40 0 60

20 (°)
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

x Method: flipping ratio

9 3 3 = = . = —

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

3 1 i
| M| e 1_()N and P;=0= Toc N+ 0.01N?

0
7 g 5 Fer 22
||MJ_H X 1_ON and P, = &+ (O) = i 0

I, i1 NZ10.0LN2
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

x Method: flipping ratio

9 Y : & &
ag—NN* My M: P (Mt AM, )+ 2P - R(N*M,)

For a ferromagnetically:aligned sample, we measure:

L N?4sin'(@) M2+ 2p, sin“(a) N.M,

R= - =
I N2 +sin“(a) M2+ 2p_ sin“(a) N.M,

where ps 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

x Method: flipping ratio

g sl : y
o = NNT LML NGB (NI AN, ) 4 2P R(NTML)

We deduce M from the equation:

R+1 R+1
25 R——|-— T \/(Ri—> —Sinz(&)

where Y. iIs 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 fiela

enyl nitronyl nitroxde
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

cryomagnet
x Steady-state source
x 0.4 -4A
x Heusler + flipper
MONO- SpIN SpIn liitlgle
chromator  polariser flipper detector
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Polarised neutron diffraction (Xtal)

magnetisation of single crystals
under applied magnetic field

cryomagnet
x Pulsed source
x 0.4 -4A
x Heusler + flipper
large
choppers SHe spin filter detector
_. @ or {7 ~—
PR

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin
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Content 1

" Soam polansationvestor

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND - Polarised neutron diffraction (powder, crystal)
x UPA = Uniexalpolansationanasis

x SN - Sphencalneditron: polanmety

® Polanimetric Neutron - Spin =cho
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" Soam polansationvestor

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA - Uniaxial polarisation analysis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

x [he incident polarisation is set adiabatically in-any

direction Z orQ:

3
St N() (2;;) N+ MJ_,Z f
3
R N() (250) N — MJ_,Z £
3
= No o M M [
T 3
o= 4 =Ny (2,00) My =My, :

x [f the polarisation is parallel to the scattering vector Q
only the nuclear contribution participates to the non-

spin-flip cross-section.

INSIS Summer School - July 2012 - Italy
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

» On three-axis spectrometers: |

Helmholtz
colls

Detector
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin http://www.ill.eu/sane
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Uniaxial polarisation analysis

for separating the nuclear and
magnetic contributions on SANS; Reflectometers

- Sl
pies!
T, = 500 h
Hmax = 110G
2 =700 mm
10~ loss/flip

0140 Si-windowed cell, pneumatic valve,
permanent static field, flipper included.
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Uniaxial polarisation analysis

XYZ Method
generalisation to PSD detector

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

()‘if S5 % (C082 - 1) Omag 25 % T 53
ot = L sin? a b 1) Oag + 5 Osi + One + 04

J?‘jf s % (sin2 QL = ) Omag T % Osi
o5l = L(cos® a + 1) Ormag + £ Osi + One + 03

Jgf % Omag T % O s e
a?sf s % Omag T % Osi 1 One 1 04 (Oé = é» f)

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin
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Uniaxial polarisation analysis
XYZ Method: generalisation to PSD detector

Stewart upgrading D7

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin http://www.ill.eu/sane
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Uniaxial polarisation analysis
XYZ Method: generalisation to PSD detector

L il e
0’.'
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Uniaxial polarisation analysis
XYZ Method: generalisation to PSD detector

T T o=l 11111111

o A—

-
=
:
-
-
-
-
=
-
E
-
-
s
-
:
:
-
3
3
i
|
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Polarisation

20 40
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Uniaxial polarisation analysis
XYZ Polarisation Analysis

SASTIS vi 2T ~ 100 hours
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Uniaxial polarisation analysis

XYZ Polarisation Analysis

x PASTIS v2.0:

x (J /00 mm

x [1= 70 hours

x ()40 sample at 1.5 K

x No dark angle

x Could greatly be improved
in @ 800 mm !

INSIS Summer School - July 2012 - Italy © Institut Laue Langevin http://www.ill.eu/sane


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

-

"
7
L)
— '

k|
1
I
(-7

Content m

(

" Soam polansationvestor

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA - Uniaxial polarisation analysis

x SN - Sphencalneditron: polanmety

® Polaimetric Neutron Spin =cho
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" Soam polansationvestor

x  SPIN IPRErs ana:Spiniters

x (I0SS-Seclion & scattered polansaton vector

x PND = Polansectnetirartaiiifactionoowder crystal)
x UPA = Uniexalpolansationanasis

x SNP. - Spherical neutron polarimetry

® Polaimetric Neutron Spin =cho
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Spherical neutron polarimetry

- P P;; + P
1,7 —
| Py

with (2, 7)€ {@, 9. 2}

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

NN* = My M S2S (VM) —2S(NM7 )
P=| —2S(NM:i.) NNt MONM+ RO M) 2R(M M7 )
2S(NMT ) IR M) NN* =M M; +2R(M, M7 ) |
R zg(Ml,yMI,z) ] ; QQ(ML,yMi,z) ]
Plo=| 2R(NM; ) with o= N.N*+M . Mi+P,. | 2R(NM; )
RN ) o 2R(NMT )
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Spherical neutron polarimetry

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

0 S i =
ag_NN*qLML M* 4B, (M5 AM,) +2B - R(N*M, )

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

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

o(M | AMY)+2R(N*M ) + 2P, AS(N*M )
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Spherical neutron polarimetry

Antiierromagnetic single crystals
with non-zero propagation vector

9, =
a?z NN* + M, - M: £1B, - (M: AM,) + 2P, - R(N*M,)
T he polarisation rotates around the magnetic
interaction vector by 1807 = not a spin flip !
do > AT AT D /A Tk iy = >
Pf@ﬂ Pftglv’f\[ —PZ(MJ_MJ_)—FQ%(MJ_(PZ J_)—|—

(MJ_ /\ MJ_) _l_ Qm(‘“vr**\./[| ) —I_ 2P /\ :(Z\v MJ_)
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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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) real part
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Magnetic
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

INSIS Summer School - July 2012 - Italy
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Spherical neutron polarimetry
Antiferromagnetic single crystals: T#0

INSIS Summer School - July 2012 - Italy
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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, 6=-135°

Pure
Magnetic
Signal

Cross Section

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

-------------------- -~ mn Nuclear Structure Factor
real part
imaginary part

Magnetic Structure Factor
real part, #=-45°
imaginary part, #=—-135°

Pure
Magnetic
Signal

- Cross Section
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Spherical neutron polarimetry

Antiierromagnetic single crystals
with zero propagation vector

B, # g =
ag —(NN*+ M, - M 4B, - (M: AM,) +2B - R(N*M,)
1 he polarisation rotates toward or around the
magnetic interaction vector,
do = * R e Y, o e
me — BNN"— P(M, - M)+ 2R(M, (P; - M7) +

oMy ADM?) +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
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Spherical neutron polarimetry
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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
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Spherical neutron polarimetry

Cryopad - <2mG in zero-field chamber
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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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Spherical neutron polarimetry

e T 0 uPAD, yes but...

- problem of leakage
~at high field i.e. for
- short wavelengths

problem with zero-
field chamber at long
wavelength because
of field environment

u-metal “pumps”
external fields
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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
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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

Cr203 test experiment carried out on DNS confirmed

e
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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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x Polarimetric Neutron Spin Echo
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Polarimetric Neutron Spin Echo

Spin-Echo Spectrometer high-resolution
. spectroscopy with
paramagnetic P . Py
relatively low flux
Cryostat reduction
Tt rotation
In'sample
Precession Precession
field region field region
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Polarimetric Neutron Spin Echo

Spin-Echo Spectrometer one component is lost,
ferromagnetic iIntensity divided by 2
Cryostat
sample in
magnetic
field
Precession : Precession
field region field region
(% _____ . C,(*\ Ay
: flipper flipper
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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
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