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"l B. Far‘ago PO Iarl l zed NeuT rlo QS Incoherent scattering

R oy
FOR SCIENCE

Reminder: The scattering cross section:
do

10 = Lbbsexo (id (Ri-F;) )
L,J

Suppose that at position Ri we can have different scattering length with a certain
probability distribution

(bibj) = (i) (b,) +8;; ((6F) — (B3)°)
do

d_Q:Z<bl><b>exp( ( ))+Z(<b2> )

)

1 coherent (5 ) o I incoherent (é)
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hgTRlog B. Farago PO Iar' | zed NQUTr'O Q Isotop and spin incoherence

¢
FOR SCIENCE 558 g# R, R
Q-: R = R - -

b; can have a distribution because:

- different isotopes exist

- the nucleus has a spin I => with the neutron 1/2
spin it forms two possible states

I+1/2 => 2(I+1/2)+1 states with scattering length b,
I-1/2 => 2(I-1/2)+1 states with scattering length b_

Pl & I
21 ] T

<bi> =b
> W2 e R
((81) = 8)°) = Bs=b-Y s
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@TRIONIS B. Far'ago POIGr"zed NQUTr'OQ Polarized beam scattering

4 ™ q‘
— S >
¢ -

Let's define the polarization of the beamas: P = 2 <§> — <3>
In terms of Pauli matrices

o] i (O il
* T Y~ 01

Scattering length on a nucleus with spin I:
b=A+ %Béf
A= b BT b )
I 41 AR T+ 1
0, and o, changes the spin state of the neutron => spin flip scattering
0, does not => non spin flip scattering

If the nuclear spin I is randomly oriented in space each one has 1/3 probability thus:
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Magnetic scattering
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@TRIONIS B. Far'ago PO Iar' | zed NQUTr'O '1\ Magnetic Interactions 1

’
— 3 a2
‘ u L% - .~

The neutron has a 1/2 spin => magnetic moment y,.= v, U
Uy huclear Bohr magneton and vy, = -1.913

With a magnetic field the interaction potential Lovesey 1986:

e

= SR =2 < ié — R R —
(R) = —UyB = Yuun {Z;UBCI/”’Z (%_3‘) zme (pe(‘;;é’ | (‘;;;3’ pe>}
eletron spin operator,p, = eletron momentum operator

§=
G — neutron spin operator
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@TRIONIS B. Far'ago PO Iar"zed NQUTr'O"L ‘ Magnetic Interactions 2

= q‘
— - S b A
Qh.‘ -~

The matrix element (scattering probability) becomes:

Vnez

m,c?

A g RN e i
0. =Yoo @) (% (5% @) 5= @x ) ) with 4=

(K| Vi [k) = —rg60 | with ro=

Y

or in terms of the magnetization and changing to integral to
account for the spatial extent of the electrons

—
~/

0 = 2213 /d?exp (iz?’) M(?) and O, =0—g (Qq)
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Ng'mloﬂ B. Farago Polamzed Neu’rroa

o q‘
FOR SCIENCE
N ‘*’ ‘“’
e

The scattered intensity is the Fourier transform of the
self correlation function of the scattering length density

Alternatively if the Fourier transform of the scattering length density is F(q)
5(q) = F(q)F (q)

If F(q) = Fn(9)+Fpn(q) in The most generic case there will be four

terms: * huclear

* magnetic
* nuclear magnetic interference

- chiral
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NE'U,RIONIS B. Farago Polarized Ngu’rrons

FOR SCIENCE

‘\‘\ _"-‘\
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Unpolarized neutrons
- comparable intensity to
nuclear
- identified by a priory
knowledge
- temperature dependence
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369.54"3 264K ,
5
369.0 A AgoRu04 :
o 3685 % ol [ Magnetic superstructure below 65 K |
k-, S 5
o 368.0 3 =
&5 g al - .
§ 3675 Qo Q
x 3 o
E =367 _ 74 ElL- N
: 2 i a 2 High resoiution
366.0 R ee 1 . 5 min per diagram
366.0 B 103 steps -
A=24
3655 0 2K .
0 610) 100 150 200 250K 8° 14° 16° 2*Theta 24° 28°

sample tfemperature
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507 spin flip scattering

S

heutron Koyt heutron Kin
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heutron Kout heutron Kin
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NE'umlo!s 3. Farage Polamzed Neu‘rroau A
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heutron Koyt heutron Kin
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NE'UTRIONIS B. Farago Polaruzed NeuTrons Al

FOR SCIENCE STy | | ; 3N
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NE'umlo!s 3. Farago Polamzed Neu‘rroas el

FOR SCIENCE vg! ‘i .'

| 1
UPy =N Vit |
X +2 +3

1 %
DOWNx = -M + -1

2 3
| |
UP;=N+-M+ I
2 3 N the nuclear scattering
1 P M the magnetic scattering
DOW N, = iM i g[ I the incoherent scattering
|

2
DOWNy =M + §I
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@TRIONIS B. Far'ago PO Iar' | zed NQUT r'o ns Inelastc corrections

FOR SCIENCE ‘ B | «g\ ¢m

When the scattering is non negligibly quasielastic

507 spin flip scattering

2
A

<—:'('/ ~
!
d,
/,Y ¢
kl
nheutron Kout neutron Kin

with distribution
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NE'U,RIONIS B. Farago Polamzed NeuTrons

— s 2

| o
U Py = +fgl M—g—stme )

i 2 12 5 b 6
g g o, 8
- M4 —M € [
5 5 +2 S1n c

1
UPZ:N | Ml

DOWNx =N

|
D = Rl
OWNy; =N 5 5 c

1 1 — Qi
up, — NLTIE AT Gl 80y, S0 8/

1_28 1—|—§7 g - 3 44 ’
DOWNy = N——8 4 “ 81 EpfginZe
OW Ny 5 ; M sin .
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Ng'mlog B. Farago Polarnzed Neu’rroas Spin manipultion

\Q“
FOR SCIENCE P ,

Spin manipulation
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NE'umlo!s 3. Farage Polamzed Neu’rroa L g
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Quantum mechanical description of the neutron spin state:

‘X> — Cl‘—|—> —|—b‘—> where a and b can be complex and \/a2—|-]92 — 1

0 - 0
2| ) e’¢/2sin§|—>

this leads to  (6y) = sinBcos @, (6,) = sinBsin@, (5,) = cosO

and conveniently |}) = e 2 cos

Time evolution of the neutron spin in magnetic field
LTS 7[6 (oﬁ)] g (ﬁxé)
TR R ol o

The Polarization of the beam P=<G> behaves as a "classical” Larmor precession

2 [deg /om] = 2,651 [A] H [Gauss

BNC Neutron school 19



N!UT!OQ 3. Farago Polarnzed Neu’rroa T

> q‘
FOR SCIENCE : g #
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What happens if the direction of the magnetic field changes in space?

The moving neutron will see a B field which changes its direction in time

Two limiting cases

if wp << w it will follow adiabatically

if wg > wy it will start to precess around the new field direction

adiabatic example:

neutron trajectory
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POlar'lzed NQUTPOQS Mezei flipper

U S
Q-L" | h‘*" X -

Non adiabatic example : Mezei flipper

n/2 Flipper n Flipper
180 degree Precession around 180 degree Precession around
an axis at 45 degrees a vertical axis
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NEUTRONS B. Farago POIGr‘lzed NZUTFOHS S o Real flippers

-_—~— = -
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NE'UTR’ONIS B. Farago Polamzed Neu‘rroa\‘
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RF flipper

Brf oscillating wyr radiofrequency field

f

Makes up a m flipper
*if Boy = Wer
- and Byr is just enough for a m turn during the flight time
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NEUTRONS

FOR SCIENCE ‘ ﬂ a
\ ‘ % k\
-

. Farago Polarnzed Neu’rroa A

Haussler Xtal Cu,MnAl (111):

* Fm(q) = F(q) for one of the Bragg reflections

* easy to saturate

» grow single crystal

» controlled mosaicity

- low A/2 contamination (or filter)
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NEUTRONS
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B. Farago PO Iar"zed NQUTr'O (L\S{l R Supermirror

NEUTRONS

‘ )

Ni/Ti periodic d=82 A, 200 layers
Ni/Ti aperiodic 74 A S d S 90 A, 748 layers
Ni/Ti aperiodic 82 A S d S 500 A, 850 layers
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NE'umlo! B. Farago Polamzed Neu’rroa
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He3 absorbs only neutrons with spin antiparallel to the nuclear spin

for P, = 50%,
p = 1.7bq-, | = 10 em

3
Wavelength (A)
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/[ 48 Farago Polamzed Neu’rroas Tnstruments

NEUTRONS 1 ’ WU :‘
FOR SCIENCE }'
‘ ‘ N -

Instruments
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Polarized Neutrons
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Unpolanzed

white beam ‘, Analysers

Unpolanzed mono- . -
npolanzed maong Guide fields
chromatic beam

SOMmMe newrons

Chopper

N e
'

Be filter Spm-tum coils
(removable)

Polanzer thpm ’
N | e m—— i /‘\
| e ——— ‘
EEs s s o
Focusing
graphte monochromator

Newtrons polarized
V SLDEMYITOLS
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NE'UTRIONIS A Polarized Neu‘rrjons

FOR SCIENCE 38 o DS @ 3 :‘
su.‘ "' ,4%"

A 3 generation Cryopad has recently
been designed to carry out elastic and
inelastic scattering experiments with
0.5 deg precision.

20x20 mm?
beam section



'.ll B. Farago POI . d N .'. NSE basics

2 &)
FOR SCIENCE RN e S B SS S 2
&i)-"ﬂ& ' "‘“w"*’-&!\ j . 'Ym\wh . ol
Echo condition: The measured quantity is: S(q,t)/5(q,0)
where




FOR SCIENCE

V(4 - SR
NEUTRONS B. Farago PO Iar' | Zed Neut"' r'o QS{R : \ resolution correction

- X Ny {". - )' ."\
- \‘i‘ \ “,‘\ . - \ ' ’,. 1 -

As mesures the fourier
transforme
5(q.1)
the instrumental resolution is a
simple division instead of
deconvolution
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@g!s B. Farago Polarized NCUTPOHS A When NOT to use NSE

FOR SCIENCE

-~

S(q,®) = 0.95-8(®) +0.025 - (& (0 — 1) + & (® + ) S(g,1) = 0.95+0.05 - cos ()
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NE'UTRIONS B. Farago Polarized Neutrons. A

L T '1‘ . Reptation
B -~ - _ . -~

10% marked polymer chain(H) in deuterated matrix of
the same polymer melt

U 3N
.“‘.\

-

at short time => Rouse dynamics 1/tau ~ q4
at longer times starts to feel the "tube" formed by
the other chains (deGennes)
D. Richter, B. Ewen, B. Farago, et al., Physical Review Letters 62, 2140 (1989).

Q values
0.8 © 0.50 nm™
v 0.77 nm’’
A 0.96 nm’!
0.6 7 1.15nm’
5 :": o 1.45 nm’!
& ) U s i
@ ® 0.4 ' @@@%
i 5 I3 3 %
$
0.2
0.0 A R T N N N T TN T A N TN N TN N TN TN T T NN TR MO AN N N O
0 20 40 60 80 100 120 140 160 0.05 0.10 0.15 0.20 0.25
time [nsec] g*2sqgrt (time)
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I!UTRlONlS Sy orn POIGr'lzed NC‘UTI"O S Spin Ice

FOR SCIENCE “( S S8 y“ »b} =

'spin ice’ materials Ho, Ti,O, , Dy, Ti,O, and Ho,Sn,0,

the spin is equivalent to the H displacement vector in water ice

Single exponential thermally activated Q independent relaxation

6. Ehlers , Cornelius ,A L, Orendac ,M, Kajnakova ,M, Fennell ,T, Bramwell ,S
T, Gardner , Journal of Physics Condensed Matter 15, L9 (2003).

BNC Neutron school 35



'll B. Farago PO|ar|zed N@UT[‘OQS

e,
Q—‘ }'Q“

It's over folks |
thanks...
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