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Abstract.

Hayter's matrix description of neutron-spin dynamics predicts extraor-
dinarily high flipping efficiencies for the conventional Mezei neutron

spin echo configuration, when used as a nonadiabatic spin-flipping device.

In the present letter we discuss the principle of operation of the
Mezei spin echo configuration 1. To do this we developits theory ba-
sed on Hayter matrix technique 2 and conclude that this configuration

can be used as a very efficient nonadiabatic spin flipper for polychro

matic polarized neutron beams. In other words we show that there is
no requirement for an exact one half Larmor precession in each coil,

even under white beam conditions.



A sketch of the spin echo configuration, -as originally sugg@stgd byv- »

Mezei, is shown in Fig. 1 (or/and Fig. 4 of Ref. 1),
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FIG. 1 - Schematic representation of the Mezei spin echo con-
figuration. The arrows indicate the direction of the

guide field, ﬁo' d is the thickness of each coil.

Here, the beam travels in the y-direction. The direction of the gui-
de field, ﬁo, parallel to the z-direction, is reversed at the point
halfway between the two coils C1 and C2, Such a sudden reversal
may be accomplished by the current carrying sheet method.g’ 4
Coils C1 and C2 are equal in thickness and produce equal magnetic

fields ﬁ1= ﬁz = ﬁc , which are taken to point perpendicular to the

plane of the figure (i. e. both antiparallel to the x-direction, that

points upwards).

Used as a spin flipper, this configuration is in the "flipper on"
state when the coils C1 and C2 are in off (i. e. HC“ 0). Therefore,

this state of the device calls for no comment from here downwards.

To calculate the flipper efficiency,f, under the tuning conditions

that will make the polarization vector be parallel to the reversed

guide field (- Ho) after the sequence is passed through (''flipper off"

state) we follow Hayter's treatment and give herebelow the transfer
A

matrix M connecting the polarization vector f;i =(0,0,1) before and



--Pf— (Px’“ Py, Pz) after passage through the sequence indicated in
Fig. 1.

To start, let

¢z ooy (>0) , s= do. . o =@ +

and

C=cosy , S=sinyp , (2)

where w= yHC is the Rabi precession frequency,
A= ;VHO is the free precession frequency about the guide field

Ho ( 420 in coil C1, C2, respectively), ®. is the Larmor precession

L
frequency, and

= @ dv
v= o dv (3)
is the Larmor precession ang'ie sufferred by the particle after the

coil is passed. Here, y is the neutron gyromagnetic ratio, v is the

neutron velocity. d is the thickness of each coil.

A
The transfer matrix M is given by the product
A A A
M= T- T+ P (4)

where (see Eq.(12) of Ref. 2)

c2+szC -s S -sc (1 -0C)

A

T. = s S C cS (5)
J : 2
s (1 -C) ¢S s*+clc |,

A
and where T+ can be expressed quickly by replacing in matrix T_ the



-4 -

I s by +s. Here, we assume that there are no asyrametries in the de-
vice.
On carrying out the multiplication indicatedin Eq. (4), oneobtains,af

ter a fair amount of algebraic manipulations, for M3‘3 s

2

1\/1;33 = :!(s2 + CZC)“ -1, (6)

We now impose the well known tuning conditions that will make the po-
larization vector of a neutron having veloCity v, (wavelength AO) be

parallel to the reversed guide field (- HO) after the sequence is passed

through ("flipper off" state).

As it is well known, these conditions are expressed by

=4 =% (7)

and

V2 gy d/v0 =, (8)
so that Eq. (3) can be written in the form
v =nAldo , (9)

where J is the wavelength of an off-momentum neutron of the distribu-
tion, which we take centered at 10.

t fol
It follows for M33

2 2

M. =(1/2) (1 + C) 1=C -(1/2)8". (10)

33

. Assuming now a spectrum of rectangular form of width A4} , cen-

tered at },O, we calculate the corresponding spectral average

<M3? =1-2f (11)



of 1\/[33 and obtain for the flipper efficiency f

!

f= (1/2)} 5/4 - (1/4) sin (dm)/ (O6m ) +

{
i

T isin( da'2)/( dn/2) (12)

where ¢ = AJ,/;LO.,

The agsumption we have made concerning the form of the spectrum
is only roughly correct, but one thing is easily demonstrated: for ¢ 0. 5,
we have £30. 9956, and this figure corresponds to an extraordinarily high

efficiency. Such a result gets better if one works with more realistic

spectral distributions,
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