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G 3.3d) The peak positions should compare reasonably closely with the distances shown
above. The difference between a picture such as above and the real sysattnés t

above gives a sketch of only theerage local arrangement. The instantaneous

distribution may look quite different — sometimes it is hard to recognise the hydrogen
bond structure in water just by looking at boxes of molecules.

G 3.3e)How did you get on? Can you understand, on the basis of the sketch such as
above the neighbouring water molecules lie in the directions they do?

G 3.3f) Note that the distance range shown does not include all of the second peak in the
Joo function, only the bit up to the maximum of the second peak. The obvious feature

is that this second shell appears to be in almost exact antiphase with the first shel

This kind of alternating structure appears to be common to tetrahedral fluids.
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G 3.39g) For lobe | the neighbour molecule tends to lie with its evaxiz pointing away
from the central molecule, but there is fair amount of floppiness in this, with quite a
lot of rotation about this axis possible. For lobe Il the neighbour molecule has one of
it H atoms pointing directly at the central molecule, but the rotation of the second H
atom on this neighbour molecule is then poorly defined.
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H1.

H2.

H: Polarized Neutrons

Answers H
a) Flipping ratio: F=N,/N. =51402 /1903 = 27 +/- 0.6
dN,\ (dN.N,\
{error bar dF = \/( +) +( = +) =>dF = 0.63}
N_ N~

Therefore, the polarizationis: P=F-1/F+ 1=0.929 +/- 0.002

2
F +

{error bar dP = (( )dF =>dF =0.002 }

1?

b) Systematic errors in this measurement will largely arise from background
contributions from the instrumental environment. In order to measure a reliable
flipping ratio, the N and N. counts must be measured with and without the sample in
the beam. The flipping ratio is then given by

Nsample _ Nempty
F="r Tl

+

Nsample _ Nempty

Other sources of systematic error will be different values of the polarizing power of
the polarizer and analyser, in addition to the finite flipping efficiency of the flipper.

a) The adiabacity parameter is given by E = Dr
B
The Larmor frequency, w, = yB, where the gyromagnetic ratio, vy is given by the ratio

. . 1
of the neutron magnetic moment to its angular momentum (:Eh)
2u, B

Therefore: w, = =1.83x10°B rad s with B given in T.

In this example, B = 3 mT and is constant in magnitude, => o, = 5.49 x 10° rad s

JT
Now: w, =42, _ é.v =15.71
dy
2 2
Expressing vintermsof A: E = h = MYy o 3956 with vinms*and
2m, A 2 mA A

AinA.
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H3.

HA4.

So: w, =15.71?= 31074 rad s™.

The adiabacity parameter is therefore: E = 17.7 and the field/flipper design should
successfully propagate the neutron polarization and flip the spins without significant
depolarization.

b) The design could be improved by either increasing the guide fields (and the current
in the Dabbs foil) or by lengthening the distance over which the field rotates by 90°.

a) The number of neutrons transmitted through an absorbing material is:

n = no exp(-Not) where ng is the initial number of neutrons, N is the number density of
atoms in the material, o is the mean absorption cross-section and t is the thickness of
the material. So the numbers of + and — neutrons transmitted is:

n, =n,exp(-No 1) = nyexp(-No,t)exp(-No 1)

n_=n,exp(-No_r) = n,exp(-Noyt)exp(No 1)

N - -No t)- No t
Therefore the polarization is: P = n,—n. _ exp( 1)~ expNo, 1)

= = —tanh(No 1)
n.+n_  exp(-No,t)+exp(No,1)

The transmission of each spin state is: 7, = LN exp(No.t)
ng
Therefore the total transmission:

exp(=No t)+exp(No ¢
T=T+;T-=exp(—Noot) xp( p)z xp(No 1)

=exp(-No,t)cosh(No 1)

b) The expression for the spin-dependent absorption of a nuclear spin filter is

o, =0,(E)1= pPR,) where, Py is the nuclear polarization and oi(E) is the energy

dependent absorption cross-section. The constant p is given by the expressions:

I1-2x)-x
=—————— wherex= .
I+1 Orant 0

Since *He absorbs only through the I — % channel, we may put oi+1/» = 0, and therefore:

p=-1

Therefore: 0, =0 (E)1F P, )=0,%0,

So, equating the spin-independent and spin-dependent parts of the expression, we get
o,=0,(E)

O-1—1/2

o
Gp =_GOPH6 :>PHe =-—"

O—()
Substituting this back into the general expressions for the spin-filter polarization and
transmission, we get:

P =tanh(P, ,No,t) and T = exp(-No,t)cosh(P,,No,t)

The expression for the differential cross-section from a magnetised crystal, with
magnetisation direction 1} perpendicular to the scattering vector Q, we have
do

o F(Q) +2F (Q)F, (Q[P- -]+ Fy(Q)
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H5.

H6.

Therefore the expressions for n, (P--n=-1)andn. (P--n =1) are

2
n,=(Fy-F,)
n_=(F,+F, )2

o (Fy-F,) -(Fy+F,) -4F,F, -2F,F
Therefore, the polarization is: p=-—*—*~ % M - N M___—TN M
(FN_FM) +(FN+FM) 2F, +2F,, F,+F,

The minus sign indicates that the neutrons are polarized antiparallel to the direction of
magnetisation of the crystal.

The first rule of thumb in magnetic polarized neutron scattering is that spin-flipped
neutrons will only be produced by components of the sample magnetisation
perpendicular to the neutron polarization direction. [This is an extremely useful rule to
bear in mind during all polarized neutron experiments.] Therefore, if we are scattering
neutrons from a fully magnetised scatterer (i.e. a ferromagnet for example) —
magnetised in the direction of the neutron polarization (which is an experiment
necessity), then there will be no perpendicular components of the magnetisation, and
therefore no spin-flip scattering. We can therefore dispense with the analysers, since
the scattered beam remains fully polarized.

a) The Pauli spin relations are:

o Y
e
f i
I
a=ly -}
.

b) Now, we have to calculate the matrix element for magnetic scattering (S'|V,,|S),

where S and S are the final and initial spin states, and V,, is the magnetic interation
potential, which is given by
Yl
V. = . ¢ EG;MlC
no¢

Therefore, the 4 possible spin-transitions are given by

37



i) Non-spin-flip: |t) —|1)
(V1) = S (tlon )Mo+ (o )M, + (Hor )0

n

OX

- I (), + A, + ()

n

_ano
=—2"M
2m,

n

ii) Non-spin-flip: [{) —[{)

OX

_ Tl
AnEs=eef

n

‘I’>MJ-X + <‘|’|Oy|J’>Ml}‘ + <‘|’ |OZ|‘|’>MLZ)
o (I ), ~ () .)

_ _ano _
C2m ( MLZ)

n

iii) Spin-flip: [1) — [{)

= "tulo
(v, ===

n

- S e~ i, -t

o J)M,, + (Mo )M, +(Ho.l)M,.)

=_2Y—n’;r°(Mu—iMly)

n

iv) Spin-flip: [|) — |1)

o 1M, +(i[o|1)M,, +(io. M.,

= "tulo
(v, 1y ==

n

_ %((HJ,)MM +il)M,, + (M)

n

=_2y—n';r°(Mu+iMly)

n

These equations show that the magnetic non-spin-flip scattering is entirely due to the
component of the magnetisation parallel to the neutron polarization direction, M _; and

that the magnetic spin-flip scattering is entirely due to the components of the
magnetisation perpendicular to the neutron polarization direction, M, and M.

38



H7. From the previous question (which is a derivation of the magnetic part of the Moon,
Riste and Koehler equations) we have established that spin-flip scattering arises solely
from the components of the sample magnetisation perpendicular to the neutron
polarization.

Now, the definition of the neutron sensitive sample magnetisation is

M, (Q)= -ZMB[TI - Q)Q] where n is the sample magnetisation (see, for example,

Squires, or previous lectures on magnetic scattering).
From this equation, we note that if the scattering vector is parallel to the sample
magnetisation, then the neutron sensitive magnetisation is zero.

Therefore, if the neutron polarization is parallel to the scattering vector, the only
components of the magnetisation that will scatter neutrons will be perpendicular to the
polarization, and will therefore flip the neutron spins.

H8. The advantage of the X-Y-Z difference method of magnetic scattering separation over
the method of measuring with the neutron polarization P || Q, is that the X-Y-Z method
applies to a general multi-detector instrument. The P || Q method only works for one
scattering vector at a time.

A further advantage of X-Y-Z is that it is insensitive to background, since the spin-flip
background will be the same in Z, X and Y directions, and will therefore cancel out.

H9. The technique of neutron spin-echo, relies on the fact that the neutrons experience an
equal and opposite field integral on both side of the sample, so that the neutron spins re-
phase precisely. In practice this is achieved by a Mezei nt-flipper placed just before the
sample. This rotates the de-phased neutron spin “disc” by 180 degrees around its
horizontal axis. If the sample is a paramagnet, then the magnetic scattering will rotate
exactly half of neutrons in the de-phased spin “disc” by 180 degrees around its
horizontal axis. The other, non-rotated half of the magnetic signal, along with the
nuclear and spin-incoherent signal, will be lost (not re-phased).

Therefore, the advantage of NSE over, e.g. backscattering techniques, is that the

magnetic signal is automatically selected and separated from other components of the
scattering.
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