














ABSTRACT

In this paper it is shown that the inverted time of flight spectrometer (inverted
statistical chopper) has a large accessibility in the K, w-plane and that the energy
resolution function and the intensity is rather constant over a large energy range.
The inverted geometry is therefore very favourable tc perform precision measure-
ments of line width and line shape of local modes, high energy phonons and
magnons. In principle a 47Be-MgO window detector can be built for high intensity
low background experiments. The role of the statistical chopper is primarily to
reduce the continuous elastic and inelastic background.

All the results concerning the merits or advantages of a conventional statistical
chopper compared to a common time of flight spectrometer are as valid for the
inverted spectrometer.

An inverted statistical chopper facility is a useful and interesting spectrometer
for high energy transfer measurements as well as for high resolution powder
diffraction work.
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I. Introduction

In 1968 the correlation technique has been introduced by a number of

[1-6]

application of correlation techniques for pulsed neutron systems has been

[1-14]

standing of the correlation technique, the limitations of this method for sta-

authors for time of flight spectrometers at stationary reactors. The

discussed also in the following years . With the progress of the under-
tionary reactors appeared clearly. Weak lines cannot be measured in the
presence of intense lines as is very often the case for coherent elastic and
inelastic, and in particular, for incoherent elastic, quasi-elastic and inelas-
tic scaftering experiments. Also weak lines in the presence of large average
intensities cannot be observed as obtained often in incoherent inelastic scat-
tering experiments. These negative aspects do not enter so much in consider-
ation for incoherent quasi-elastic scattering experiments, where the quasi-
elastic line is dominant within a large K- range and of interest alone. The

L[4/

various theoretical analyses and also an experiment by Skosld have de-
monstrated that the main advantage of the pseudo-statistical chopper appears
in its application for experiments that have to be carried out with a large and
uncorrelated background originated from the neutron beam impinging on the
sample and from the room background of insufficiently shielded detectors.
Certain problems in physics (diffraction, quasi-elastic scattering, high ener-
gy phonons, local modes, internal molecular modes, magnetic scattering,

-
etc.) request information of the scattering law S(/X,w) in a rather large range

-
of K and w where

- - —_
K=x -k
i f

stands for the momentum- and

2

2 2
.-k
i

tw:Ei_E f)

f:2m(k

—> .
for the energy transfer in the scattering process. ki’ kf

initial and final neutron wave vector and the corresponding neutron energy.

and Ei’ Ef denote the



This type of experiments requires high energy neutrons up to 1 eV and
sometimes even higher. For a number of these experiments it is indicated
to use a white neutron beam in order to cover the largest possible range in
the I‘T‘t,w -plane. A white neutron beam, from a hot neutron source, is the
most adequate one., For the energy definition of the neutrons of a white
neutron beam, the time of flight method is the most appropriate one. The
application of a statistical chopper in the white neutron beam that modulates
neutrons with an energy below 1 eV, but not above 1 eV, is most useful, since
a high duty cycle (® 50%) can be used in the time of flight spectrometry and
the continuous fast neutron background of the primary beam can be suppressed

by the correlation technique as well as the room background.

In the following we are discussing the fields of application of the inverted

statistical chopper and the theoretical aspects of the data analysis.



II, The Characteristic Parameters of a Conventional and Inverted Statistical

Chopper Facility

II.1 General Considerations Concerning the Intensity and Resolution of a

According to the notations of Fig. 1, the intensity of a scattering expe-

riment at a pulsed neutron source is given by

1
1 J =] —=¢(E E. Ldt. v £ F N d.
(1) Detector 47f¢( i’ﬂ'i’ t)d i dni dt i d

T
d20‘
T o \ELALE ). dQLdE L L E(E
A0 dE (B0, Epfl). a0 dE 1. €(E) [n/sec/

where
(,'b(Ei,.Q.i, t) is the flux per unit energy and per unit solid angle at the sur-

face of the neutron source at time t
dE, is the energy spread of the neutrons with energy Ei at the target

i
dﬂi is the solid angle expanded by an area element dFi of the neu-
2
tron source area FS. (dQ.i=dF,/l . where li is the distance
i" i

source-target)
dt the time integration differential
t the time variable
v the neutron source pulse frequency
f, is a factor taking into account the intensity loss in the appara-
i

tus between the neutron source and the target
FT is the effective target area (= neutron beam cross section)
N is the atom demnsity of the target material

d is the effective target thickness
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is the differential scattering cross section

>

k., £ are the initial and final neutron momenta

i
—>» R
K=k - £ is the momentum transfer of the neutron on the target in the
i

scattering process

hw= E,-Ef is the energy transfer cf the neutron on the target in the scat-

i

tering process

d.Q-i is the solid angle element expanded by an area element de of

2 .
the neutron detector area F (dﬂf = dF F/[ , where € is the
D T f £

distance target-detector)

clEf is the energy spread of the neutrons with energy Ef at the de-
tector

& (Ef) is the neutron detector efficiency

ff is a factor taking into account the intensity less in the appara-

tus between the target and the detector

If neutrons are scattered coherently from a single crystal, the clastic as
well as the inelastic scattering cross section is given in terms of g—fuctions
and the integration [equation (127 has to be carried out (integrated intensity).
For all incoherent experirnents the cross section is a rather smooth function

—
of || and <o and therefore equation (1) can be written according to Maier-
Lei’t)ni’tz[l 5/ in a more simplified manner., Assuming furthermore a conti-
nuous neutron source, the intensity of neutron scattering experiments using

time of flight (T. O, F. )-techniques and conventional crystal spectrometry

as outlined in Fig., 2, can be calculated by

l ¢
= — D(E B LAt YL fLF N, 4.
(2) JDetector pped ( i,ﬂi).a i.AQi Ot Y fi FT N. d
2, A
4 .AQf.AEf.ff. e(E) [n/sec/ .
'dﬂdef



According to Fig. 3

F_ Akgx).Ak(iY )
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(8) AV, = Akffx).AkicY). Akf_cz).t.?’

and since for a scalar flux

-Ei/ET E. AE,

i i
E = [ ] - - .
(9) ¢( i’ﬂi) ¢t0ta1 & E E
T T
and furthermore
2 2 2
A 2 % A 2
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we can rewrite equation (2)

ﬂ. -
(12) = A(T). £.F . N.d. 0. S(K,w). £. AV . AV £(E))

Detector f



% ~ K3/,
total e 1
(13) A(r) = PR S o ——p(1)
8T mh K. 47 m
and
2, 2
'ki/kT
(14) P (T) = An ¢Stotal m e
AV, 27 f)‘l 4 :
i kT

P(T) stands for the neutron density in momentum space. The intensity

at the target and the detector is therefore proportional to

2, 2
—ki/kT
e
8 = | AV
(15) JTarget k4 A i
T
2. 2
5 e'ki/kT
~ "( )
(16) Detector 8 (w). 4 . AVi' AVf )
kT

Ina T.O,F. experiment as illustrated in Fig.2, where the collimation
or AL is the same for all ki’ the momentum space volume AV _ is propor-
i

tional to k. since
i

(2)

zZ
AK, A
i _At_ At 9 | At K -
(17) ki =T = 'Zi . i-—[ J . ki = const. ki

and
(18) Afl. = AkFX) .Ak@’)/k.2
i i i i
and therefore
(19) AV, ~nAQ. K
i i i

The intensity at the target is therefore proportional to
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In Fig. 4 the relative intensity at the position of the target is plotted as
a function of x = Ei/ET. It can be seen that the intensity is a slowly varying
function in a rather large energy range. Since in any neutron scattering ex-
periment the resolution has to be adjusted to the neutron source strength,
the T.O., F. -technique is an appropriate method for diffraction and neutron
down-scattering experiments. The inverted statistical chopper facility as
discussed in this context is a T. O, F. -spectrometer with special features.
As it can be seen from Fig. 2, the distance Target-Crystal-Detector can
be changed at will and therefore the resolution and intensity, determined
by AVf adjusted appropriately. From equation (16) it follows that the in-
tensity distribution at the detector is determined by the static and dynamic
structure of the target material, For down-scattering experiments with the
target material at a temperature T for which kB. T & HAw, the intensity at
the detector is determined by the double differential cross section or the

—
scattering law S (K,w) which is given in the case of the harmonic oscillator

2 kzgu2>
46 20 % T2 2 25
(22) T0.dE =<{a K e (KCw). (Ef-Ei+"ﬁu)o)
f f i
and
k2<u%
)

. (K2<u2>).<€(Ef-Ei+fwoo)



The scattering law has an optimum at
2 2
opt <u2)

where u stands for the oscillator amplitude. For the isotropic harmonic

oscillator this amplitude can be calculated easily from

2 2 1
(25) mew cu? = [n(wo)+2].fn%
PN
u7— Zm' f)(,%

where n(wo) stands for the Bose occupation number. The maximum intensity
is therefore obtained in experiments with

(26) Kipt - 2 (2hw).

Fig, 5 shows the Kz-dependence of the scattering law of the isotropic har-
monic oscillator., In a white neutron beam, with the intensity distribution
as shown in Fig. 4, the optimum intensity condition can be obtained easily
for any vibrational state and frequency distribution function. In a real expe-
riment where multi-phonon processes occur, it is necessary to measure
the energy transfer and the natural line shape as a function of KZ in the
range 0¢ Kzé K zpt in order to eliminate the multiphonon contributions

that lead to ambiguous results. Therefore it is desirable to collect data in
a large space of the K,lW -plane, For measurements concerning the density
of state distribution function, where a large range of the possible energy
transfer Ao ought to be measured at small K-values, the white neutron
beam experiment is most suitable. It may be mentioned that the energy ca-
libration of the crystal spectrometer and the determination of the reflecti-
vity of the crystals can be done by using a Vanadium target and the time of

flight spectrometer of the inverted statistical chopper facility. The detector
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efficiency has to be determined only for one neutron energy. No mechani-

cal drive systems are needed for the crystal spectrometer.

II. 2 Comparison of a Conventional and an Inverted Statistical Chopper

In Fig. 6 and Fig. 7 the two cases in question are illustrated in real-
and momentum space representation. The flexibility of the two instruments
can be characterized by the corresponding /A, -range, the resolution func-
tion and the intensity in this region. From Fig, 1 and the conservation of
energy

o2 2

(27) hw= 2= (k] - k)

follows for the inverted statistical chopper

f2
(28) %wzf—r—n[z(/ K)- K] =k - E, =

2
t’ l:Zkf coss/ ‘/K —k sin 1’ - Zkf sin Vo + i J

2m

and for the conventional statistical chopper
2 1/2
2 2 2
(29) Aw = tm [Zkz. sin’ + 2k, {klz sin J(sinzvj-l)+ cosV. K _} -ft]

Using these equations, the i{,%-range can be calculated and is shown in
Fig. 8, 9 and 10. For the inverted case the X,W-region is given for a pyro-
lytic graphite, a Be-single crystal and a Be-MgO window filter in the analyser

"open'' region towards large

spectrometer. The inverted spectrometer has an
K,W-values and collects most of the data in a region with low /C-values. This

feature remains even if ki is enlarged for the conventional case (a typical case
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has been chosen). It is important to avoid large data collection in regions

with high multiphonon background.

II.2.2 - The Resolution-functions of the inverted and conventional statistical

The relative error of an energy transfer Aw -measurement is given by

Abw Zki.Aki+ Zkf.Akf

(30) =
hw 2 2
ki - kf

Since for an inverted time of flight spectrometer

the resolution function of the inverted facility is given by

3/2
2m,. 2 2
“2(hw)+k } KT
(32) Mhw 28t A AZ]{AZ £ N 2m - R Ay
Ao ) Zl "m "2m i;w ﬁw
where
2 1/2
Y S
(33) At :{AtSt.Ch.Jr(ﬁ . k_> }
—-k f
m f
and for the conventional case by
3/2
{k.z-z—j‘-(fww)} L
(30) Afw_ Atst cn & K ' , 2m - 2k Ak
f)w [f "m " 2m t‘)w tlw

In Fig. 11, 12, 13, 14 and 15 the resolution functions are given for va-

I. Ch. C.Ch,
rious sets of ki. Aki, k .ok, and At with (i =15 m and Zf h =4 m.

f f

The resolution functions of the conventional case show a strong dependence
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on }*:w since small A -values are measured as the difference of two large
numbers, demonstrating clearly the disadvantage of the conventional faci-
lity. Limiting in this case the accessible region in the A,¢0 -plane by cho-
sing small ki-values, of course any value Aee can be measured with the re-
quested energy resolution compatible with the available source strength.
However, this procedure costs time and money.

II. 2.3 - Comparison of the intensity of the two instruments

In Fig. 8, 9 and 10 it is demonstrated that the accessibility in the A,(J
plane is quite different for the two instruments and in Fig. 11-15 it is shown
that the energy resolution functions are again very different for a given range
of huw. Therefore the performance characteristics of the two instruments
are quite different for a certain setting of ki’ Aki and kf,Akf-values. Conse-

quently, a comparison of the intensity in a certain /f,(o -range is not possible.

Hence we limit our considerations to two cases:

-1
150 meV + 5.4% and K=4,88 8 +3.1%

—

>
&
i

-1
=8.75 87 +23%

»
™
&
i

150 meV + 4.5% and f'\E Ch

= 81
and /{C.Ch 8.75 1+ 6.14%

For the second case with large momentum transfer it is assumed that in the
conventional spectrometer neutrons are detected between OO\< % < 90O and in
the inverted spectrometer in a 47 -Be-MgO window filter detector. In this
case experiments are compared that have the same energy resolution but dif-

ferent and possible ?-resolutions.

It is assumed that the conventional spectrometer has straight detectors

from 0° to 90O scattering angle, a detector length of 1.4 m and a flight path



1. s .
of 4 m, defining a A’Bf = jé'—‘l = 0.35 = 20°. This is about the limit for

straight detectors for which

(2)
£

k
f

Ak

(35) sin(%/_\_ﬁ?f) £

The detectors of the inverted spectrometer have a length of 0,7 m and are

positioned 2 m (Zf) from the target. For reasons concerning the resolution
the distance target-detector (/f) or A('.’)f must fulfil the following condition
(2)
kf
b
1 £
(36) cos(zaf8)<
2 TN (z)
Akf
1+ —.tan X
kf

where & denotes the Bragg angle.

For optimum intensity and accuracy one chooses for this particular com-
parison for both cases k..Aki = kf' .Akf. In general the intensity ratio of the
1

inverted and conventional spectrometers is taken as the figure of merit:

2, 2
[ -k S
R(k).e(k.).F..e LAVLLUAV
T » ]
(37) M(AN,K) _ f f kZ/kd i f1 I.Ch
2 i’TT
R (ki).e(kf).FT.e .AVi.AVJ . Ch

where R(k) stands for the reflectivity of the corresponding crystals and neu-

tron energy and & (kf) for the detector efficiency.

For the conventional spectrometer a variable k., is mandatory and con-

1
sequently a double crystal spectrometer must be installed since the large
detector installation cannot be moved. The figure of merit must be calcu-

lated under the boundary conditions



17—

Lhw ., :l _ L__
G huw (K’w)- C.Ch. L e (/<,w)J I.Ch.

AR ] AR e
(39) | T (K)o, "[/{ (K’w)}l.Ch.

Assuming no limitations in sample size (a reasonable assumption for in-
coherent down-scattering experiments) and equal detector efficiency equa-

tion (37) reduces for these particular cases to

[R(kf)' FT' /‘\Vi' Avf] I.Ch,

(40) M(hw ,4) =

1

2 )
[R (k.).FT.AVi.AVf] C. Ch.

The figure of merit is determined by calculating the possible momentum
space elements imposed by the geometrical conditions of the two spectro-
meters and equations (35), (36), (38) and (39). In spite of these boundary con-

ditions, the volume elements and their product may be quite different.

In Table 1 and 2 the characteristic performance data for the two cases
are summarized,

For the first case we obtain:
M=1,12

and for the second case:

M=14.4 .

From the results, the large accessibility in the /X,& -plane, the wide range
of the flat resolution function and the possibility of a 47 -detector system, it is
concluded that the inverted spectrometer is very suitable for down-scattering

experiments and unique for the determination of line shapes and widths.



Ahw AK . Ak ‘ Akg At
Parameters hw e K S ki -k: ks _kf ‘ l lg St.Ch. At Ac; | AB; | ALy | AV
e -3
. ) o] o_] o] o Rad Rad |[Sterad |A -
Dimensions meV | © ° ° m m sec.| u sec.
[nverted 150 | 541 |488 | 31 | 10 | 117 | 529|306 | 15 2 20 | 27 066673333 | 222 | 259
Spectrometer ! / !
Conventional 150 | 541 | 488 | 3] 10 | 109 | 529 | 306 | 0 4 36,5 215 | 20 | 43 | 469
Spectrometer / ! ’ !
v R R I, BV; | AQy
Parameters Ao | ABg | Ay | AVg Fr Be e Be SV | Al
AV ANy
. . Rad Rad |Sterad Z -3 2 o/ Rad
Dimensions x103 [x103 x106 | 4106 Cm o |Degree Degree 103
Inverted n1 | 700 (7777 |35200 15x3 [ 05 [10,2 | 20 | 11,1 1360 | 3500
Spectrometer
Conventional 1 ,
Spectrometer | 30 | 350 10500 (48500 51 | 0,4 |10,2 |1041 | 215 103 | 244
M(hw k)=112
Tab.1 THE CHARACTERISTIC PERFORMANCE DATA FOR THE TwWO SPECTROMETERS

FOR huw=150meV#*541% AND K=4,88 & 1+ 31%




Ahw AK |y | Ak L O I PR\ At | A | AR | A | AV
Parameters hw | Fo | K K ki k ki ” [ f St.Ch. i | AP i [
53
) ) ° o o Rad Rad |Sterad| A -
Dimensions meV o/o A 2 o/o a A o/o A A o/o m m i sec. | psec. x103 x103 x106 x106
[nverted 150 | 45 |875 | 23 (862 | 201 | 154 | 614 | 15 |06 | 40 |55 |06667(33333] 222 | 29
Spectrometer ¢ .
Conventional | 4o | 15 1875 | 614 | 862 19 |154 | 6% | 0 4 250 | 250 | 41 | 20 | 82 |1060
Spectrometer ‘ ’ / /
Parameters  [Axy | ABs | AN | AV Fr | Rge 9’ Xpe [8%ge | Trg, Avg | AQg
AV; AQ;
Dimensi Rad | Rad |Sterad |§ -3 2 | ©f, | Degree| Degree 3 | ©/
imensions a a erad| A - Ccm o |Degree Degreel . 3 o
Inverted 21T ot |4 | 281 5y 3 ooo— ~ _ 0,8 9,69 | 566
Spectrometer ! X 360 x10% 1x106
o
Conventional 2 0 o™
Spectrometer | 07 | 935 ] 0,55 | 8xI0 5 | 04 |90° | 121 | 1,50 754 | 6700

M (o) = 14,4

Tab.2 THE CHARACTERISTIC PERFORMANCE DATA OF THE TWO SPECTROMETERS

FOR N =150 meV * 45 %o AND K=875 A ~'(LCH. +23%; C.CH. 2614 %)




IIl. FTields of Application

A white neutron beam experiment as discussed in this context has a wide
range of application, In diffraction experiments most of the lines appear in
backscattering directions well accessible in the geometry of an inverted
spectrometer. For the analysis of complex structures large numbers of
lines have to be measured and a wide K-range is requested. As illustrated
in Fig. 17, this can be done at the inverted spectrometer. For certain expe-
rirnents concerning phase transitions, it is of interest to measure simulta-
neously as a function of temperature, pressure, electric and magnetic ficlds

the static structure, phonons and frequency density distributions.

For the study of the dynamics of hydrogen impurities in metals it is man-
datory to measure simultaneously and possibly in single crystals the local
modes, their line width and line shape, the band mode frequency distribu-
tion function and the quasi-elastic line. Measurements concerning these pro-
blems are performed in the best manner at a white neutron beam spectrome-
ter with constant resolution function. The same arguments are practically
valid for all incoherent scattering experiments important for the study of

hydrcgenous materials. To a certain extent the inverted spectrometer is

o)
b

intercst in neutron radiography for non-destructive test experiments.



IV. The Theory of the Inverted Statistical Chopper Facility

In this chapter we describe:

1) how to perform the cross-correlation between the (pseudostatistical) on-
and off-pattern of the statistical chopper and the number of counts in

the different analyser channels;

2) how to extract information about the scattering function out of the mea-

sured correlation function and consider

3) the influence of the statistical error of the counts in the analyser channels

on the statistical accuracy of the (measured) scattering function.

The argumentation is based on the method and results presented in the

papers /9/ and [16]

For an analytical description of the chopper-sample-detector configura-
tion we measure the time at the chopper and detector position in intervals of

equal length © and introduce the quantities:

a { 1 if the chopper was open in time interval i
, -~
1

0 if the chopper was closed in time interval i

Q(i) number of detector counts in time interval i if the chopper was open

in time interval "'0' only
C(k) total number of detector counts in time interval k (detector channel k)

b(k) total number of background counts in detector channel k (assumed to

be independent of k: b(k) = b)

Then we have:
+oo
(41) Cx) = 7
g

g

1 -

i) + blk)



As the statistical chopper works periodically in time with period N§ ,

we have

(42) a, =a *¢N (£=1,2,...)

Furthermore the sequence a. is chosen to have the pseudostatistical pro-

perty:

mod(N)

(43) Zaiai+(: = m(1-c) CSZ + mc

where m is the number of times for which a, = 1 within one period and
i
¢ = (m-1;/{N-1).

After measuring over K periods we perform the correlation operation:

KN N K-1
S -
(44) . a.Clitk) = /  a, C(it+ EN+k)
i=1 i=1 ' Z=0

Denoting the sum of the detector counts in corresponding channels over

K periods again by C(itk) we obtain, under the assumption that

£ 0 for 1¢ig N

=0 for NKi

the result:

N
(46) a,C(itk) = Km(1-c)Q(k) + KmcQ + Kbm
=1
where
g
(47) Q = LQ(i)

1= -00

On the other hand we have:

(48) c(itk) = KmQ + KNb

™M=

=
1l
o



Combining this expression with (47) gives us finally

N
(49) Qk) = = . Z (ai~c).C(i+k)-l§1
i=1

" Km(1l-c)

As the C(i) are statistically independent quantities with a Poisson distri-

bution, we obtain for the variance of Q(k)

2 _ Q(k)+b Nl co<'1(k)
Q(k) K ‘ (1-c)mN'1

(50) ©

with

N(Q(k)+b)
(51) (k) = -
Q-2Q(k)-—
m
The first factor in (50) is just the variance of Q(k) if the measurement would
have been performed in the conventional way using K pulses of width © .

This leads us to write:

2 2 2
(52) G (k) {0‘ } = {(,— }
Q(k) statistical Q(k) conventional

chopper chopper
where
2 (l—c)mN—1
(53) G (k) =
-1 -1
N "4cx (k)

can be interpreted as a gain factor, indicating that the statistical chopper is
superior to the conventional chopper when GZ > 1.

A detailed parameter study of G was made by Scherm 16 , who showcd
that basically Gz(k) will be larger than one, if X(k) is larger than onc. The
discussion of the gain factor Gz(k) reduces thereforc to a discussion of X (k),
especially to the determination of those parts of Q(k) in whichx (k) is largcr

than one. For this investigation we assumc further N >> 1 and we may neglect



—4 —
b/m and 2(k; compared to Q.

Then we obtain:

(sa) (e QLD

Q
N
— 1 Fanr]
(55) Q 3 (i)
i=1

This is the well known result, that for stationary neutron beams the statis-
tical chopper is superior to the conventional one for those parts of Q(k) for
which ® (k) is larger than one and that this part is determined by the mean

value Q of the whole spectrum Q(k).

Now we turn to the discussion of the function Q(k) for two special time

of flight experiments:

a) input energy fixed (normal chopper, Fig. 17 a),

b) output energy fixed (inverted chopper, Fig. 17 b).

. . . b4
With the normal (statistical) chopper neutrons of fixed energy E enter the

chopper-sample-detector system during time interval 0 at the position of
the (statistical) chopper.

The target is just behind the chopper.

The scattered neutrons after the target have different energies and arrive
in different time-intervals k at the detector.

In this case we have:

(56) Q(k) = M(E*) .S(E*, k)

where

x .
M(E™) is the total number of neutrons (with an energy in the interva.lAEi

- . S
around E7) entering the system during interval ''0".



*
S(E™, k) is the probability that a neutron (out of the input pulse) of

* .
energy E generates a count in the detector channel k .

With the inverted (statistical) chopper neutrons out of a white spectrum

enter the system during time interval "0" at the position of the (statistical)

chopper,

The target is just before the detector,
The incoming neutrons have different energies and arrive at different time-
intervals k at the target.

In this case we have

(57) Q+(k) = M(k). S(k, jom

)

where:

M(k) is the total number of neutrons arriving at the target in time intcr-
val k

S(k, E7)is the probability that a neutron arriving in time interval k at the
target will generate a count in the detector after scattering into the

* b
energy (-interval AE™ around) E™,

1f we denote by

I(E)AE the intensity of the incoming neutrons with energy in AE around
E, by

S(E, E")AE “ the scattering probability for a neutron from energy £ into the
interval AE “around E” (for the scattering-geometry chosen),

and by

=
<

the energy necessary for a neutron to cover the flight path from

the chopper to the detector in time T

then we have for both cases:

A
(58) Q(k) = I(E*),S(E*,E)fa—i- AE*Q 2
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- OE
(59) 0 (k) = (E). S(E, EY) S_z' ax*e’

If a Maxwellian spectrum is used for the experiments, the principle of de-

tailed balance:

x

*s(e¥, E) = (E)S(E, E¥)

(60) LE
says that both experiments give us the same information and from the point

of view of the statistical error they are equivalent.

Note that in the definition of the quantities entering equations (58) and (59)
we put the resolution-functions for the incoming and outgoing neutrons equal
to one for both versions of the statistical chopper. This is not correct, but
the relative merits of the resolution functions for both types of statistical

choppers is discussed in the other chapters of this paper.

V. Conclusions

It has been shown that the inverted time of flight spectrometer has a
large accessibility in the K, -plane and that the energy resolution function
and the intensity is rather constant over a large energy range. The inver-
ted geometry is therefore very favourable to perform precision measure-
ments of line width and line shape of local modes, high energy phonons and
magnons. In principle a 477-Be-filter-detector can be built for high intensity
low background experiments. The role of the statistical chopper is primari-
ly to reduce the continuous elastic and inelastic background. All the results
concerning the merits or advantages of a conventional statistical chopper
compared to a common time of flight spectrometer are of course as valid

for the inverted spectrometer.

In view of the above, we state that the inverted statistical chopper facili-
ty is a useful and interesting spectrometer for high energy transfer measure-

ments as well as for high resolution powder diffraction work.
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