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I. INTRODUCTION

This indrument is a near-backscattering, crysta-anadyzer spectrometer designed to
provide extremey high energy resolution ( dw £ 2.6 neV fwhm, dadtic). The design
requires a long initid guide section of 84 m from moderator to sample in order to achieve
the timing resolution necessary to achieve the desred dw. The scattering chamber design
is illugrated in Figure 1. Neutrons focused onto the sample by the supermirror funnd
scatter towards the andyzer crystas.  The drained pefect S (111) crystds reflect
neutrons with a very narrow digribution of energies centered at 2.082 meV onto the
detectors.  The design is optimized for quadeagic scatering but will provide 0.1%
resolution in energy transfer, w, up to w = 18 meV. This spectrometer will provide an
unprecedented dynamic range near the eastic peak of —258 neV < w < 258 neV, ~ seven
times that of comparable reactor based instruments. For experiments that require the full
dynamic range avalable at reactor based instruments (or grester), we expect this
goectrometer to have an effective count rate ~100 times that of the current best
spectrometers.

The purpose of this document is to examine the resolution in energy trandfer of the near
backscattering spectrometer in more detall than previoudy described[1] In paticular,
the term that depends on sample sze and geometry will be discussed.  The magnitude of
this term can eadly dominae the contributions from the incident flight path and andyzer
crystas. Figure 1 gives aschematic view of the spectrometer.
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Figure 1. Schematic view of the backscattering spectrometer.
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. RESOLUTION FUNCTION

The quantity of particular interest in this spectrometer is the resolution in energy trandfer,
w,

W:Ei-Ef 1

where E; is the incident neutron energy and E; is the find neutron energy. On a crystd
andyzer spectrometer, E; is fixed by Bragg reflection from the andyzer crystads and the
incident energy is determined by neutron time of flight as
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where L; is the moderator-sample distance, t is the totd flight time as messured in a
detector, t; is the time for the neutron of known find energy to travd from the sample to
analyzer to detector, and to is the emisson time of the neutron from the moderator. The
constant is correct for E; in meV, L; in m, and time in sec. The find neutron energy is

given by

o __ 81787
f=———
4d? dn?(gg)

where d is the d-spacing of the andyzer crystd and gg is the andyzer Bragg angle
Differentiating Egn. 1 gives the uncertainty in the energy transfer
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Thefina neutron flight time is determined from
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where L; isthe flight path length from the sample-analyzer-detector. Differentiating Egn.
5 gives the uncertainty in the find flight time
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The terms in Egn. 4 can be separated into those dependent on the primary spectrometer
(components before the sample) and the secondary spectrometer (components after and
including the sample). Taking the approximation that the terms are independent and that
the uncertainties add in quadrature yidds

dw = /dwd +dwd 7

where the contribution of the primary spectrometer to the resolution is

Typicdly, it is desrable to keep the firg term in this equation smdl as compared to the
second.  The incident neutron flight time, t;, is given in terms of the incident neutron

wavdength, | i, as

ti =t- tf -to
I-III 9
39554

The contribution of the secondary spectrometer is
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Subgtituting Egn. 6 for dt; into Egn. 10 (again taking the approximation that the terms are
independent and add in quadrature) and separating the terms due to the andyzer crydds,
dwa, from those due to the finite sample Sze, dwes, yields

dws = +/dwA +dws 11
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[11. Various Contributionsto the Resolution Function
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In this section, each contribution to the resolution function is evauated and compared for

the case of dadtic scattering, E; = E.

Spectrometer.

Table | ligs the characterigic dimendons of the

Table . Description of magor components impacting the instrument resolution function.

Component Description Characteridic
M oderator poslusgirgt;IgSoﬂsed dto =45 meecfor| =6.3A
e I
e T
Andlyzer Crysta Béﬁ%aﬁﬂe 3.1321 ?&3ge(glll)
Sple dlows ol g | X3t Gossstona

beam cross section

Moderator Emisson Time Uncatainty, dtolti

This instrument will

be located on a decoupled, poisoned, supercriticd hydrogen,

moderator, providing a polychromatic beam of cold neutrons to the insrument. For the
current design, the moderator was taken as centerline poisoned which provides neutron

pulse widths of

dtg(l ) =1 5.77 +8.8 (msex)
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for the wavelengths of use to this spectrometer. For | = 6.267 A (S (111) andyzers) this
corresponds to an emisson time uncertainty of 45 neec. The corresponding term in Egn.
8 gives a contribution to the resolution of 1.4 neV.

Incident Hight Path Uncertainty, dL;

Figure 2 shows the result of a Monte Carlo smulation of the spectrometer guide system.
In this Smulation, a monochromatic beam ( = 6.3 A) of neutrons was created at t = 0
(no emisson time uncertainty from the moderator) and dlowed to propagate in the
interior of a supermirror guide with a criticd angle twice that of naturd nickd. A
converging funnd whose characteridics are given in Table 1 followed the supermirror
guide. The neutrons were detected a the sample postion. Figure 2 gives the time-of-
flight disperson aisng from neutrons following different flight paths adong the guide
This term is the incident flight path uncertainty and corresponds to a dL; (fwhm) of 0.57
cm. The corresponding term in the resolution function in Egn. 8 is only 0.20 that of the
teem due to the unceatanty in moderaor emisson time and thus is inggnificant in
determining the resolution width.
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Figure 2. Timing uncertainty due to divergence in incdient
neutron beam. Thetime of flight isfrom the
moderator surface to the sample position.
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Analyzer Crystd Contribution, dd/d

Because of the long incident flight path (84 m), ti/ts in Egn. 12 is about 0.05. Thus, the
firg term in Egn. 12 is negligible when compared to the second. Choosng dd/d = 3.5 x
10, gives a vaue of dwa = 1.46 meV, nearly matching the contribution from the incident

flight path.

Sample Dimenson Contribution, dwes

The primary purpose of this document is to compare other terms in the resolution
function to the contribution from sample sze (Egn. 13). Condder the first term in Egn.
13, the uncertainty in find flight path disance that arises because of the finite sample
dgze. This term varies with sample sze and its magnitude can be estimated based on the
geometry illugrated in Fig. 3. One can integrate over the sample dimensons and
generate the didribution of sample-andyzer flight path distances as shown in Fig4 for a
sample dimension of 3 x 3 cn? and a nomind flight path of 25 m. Figure 5 shows the
digribution of Bragg angles for a nomind Bragg angle of &8 deg as seen from the center
of the sample.

Figure 3. Hight path uncertainty due to finite sample size.
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Figure 4. Didribution of sample-andyzer distancesfor a3 x 3 o
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Figure 5. Digtribution of Bragg anglesfor a3 x 3 o sample, anomind
Bragg angle of 88 deg, and anomind sample-andyzer distance
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Figure 6 illustrates the geometry involved in cdculaing the rdevant terms in Egn. 13.
The point (XcYc) IS the center of rotation in the verticd dimensgon for the andyzer
caydds. The Bragg angle varies dightly with position on the sample and postion on the
andyzer but is given by 90 — b. Two find flight paths are outlined in green, while the
radius of curvature of the analyzer crydtds is drawn in red. In generd, the detector may
be inclined with respect to the normd to the scattering plane and thisangleisa.
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Figure 6. Sample/Andyzer Crystal geometry.

The detector tilt angle can be chosen S0 as to minimize variaions in the tota find flight
path distance, Ls. As seen in Fg. 4 this vaiaion can be dominated by sample sze,
however, for smdl samples, the tilt angle plays an important role. This can be seen in
Fig. 7 showing the behavior of dwgs as a function of tilt angle for a 1 x 1 cn? sample. As
intended for this spectrometer, another gpproach that reduces this effect is to choose a
postion sengtive detector. However, even for this choice of detector, choosing the
correct a may prove b be bendficid in cases where the andyzer crystas may be dightly
misaligned. Asseenin Figure 7, the desrableangleisa = 7 deg.

Figure 8 shows the behavior of dwgs as a function of Kc,yc) the center of rotation of the
andyzer crystds. The uncertainties in both Ls and dgs and the Bragg angle itsdf vary
with this parameter. As expected, the minimum in this teerm arises when the center of
rotation gpproaches the origin of the sample. In this case, the geometry is nearly exact
backscattering, and the detectors would need to be placed on the opposite side of the
sanple.  In fact, the minimization of the terms in Egn. 13 is redricted by engineering
condraints. The spectrometer design cals for a vertica acceptance of the anayzer
sysdem of +22 deg from the scattering plane.  As one travels on the surface in Fig. 8
towards the origin, the Bragg angle approaches 90 deg, and the bottom of the detector
must be located at lower vaues of y (see Fig. 6), blocking neutrons that would otherwise
reach the top of the detector. For practical considerations, there must be some distance
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Figure 7. Resolution contribution of Egn. 13 for a1x 1 e
sample as afunction of detector tilt angle.
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Figure 8. Resolution contribution, dwes, for 2250 cm nomind sample-
analyzer distance as afunction of the vertica center-of-rotation of
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preserved from the active end of the detector to the path of neutrons traveling from the
sample to the top of the andyzer system. Figure 9 shows this distance, dpy, as a function
of (Xc,Yo)- Negative values of this term would require the detectors to be placed on the
opposite sde of the sample, limiting the spectrometer use to a sngle Sde.  The minimum
practica vaue for this term has been st a ~4 cm. A vaue of  (c,Yc) = (-1.6,9) gives the
lowest dwes, 1.77 eV, that achievesaof dpy 4 cm.
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Figure 9. The distance from the lower edge of the detector to the
neutron beam from the sample to the upper edge of the

Figure 10 shows dwgs and the totd indrument resolution as a function of sample sze
The nominal sample size tha the guide system has been designed for is 3 x 3 c?. The
resolution can be improved, however, by choice of a sandler sample a the expense of
neutron counts in the detectors. | note that Figure 10 shows the worst case geometry for a
rectangular dab sample as the sample is viewed edge on. In redity, such a sample would
likely be oriented at 45 deg with respect to the incident neutron beam. At a 45 deg
scattering angle, dwrsis 0.6 neV (totd resolution = 2.1 meV) compared to 1.77 neV (total
resolution = 2.7 meV) for the sample viewed edge on. The vaues shown in Figure 10
should aso represent bounds on the expected resolution for cylindrica samples aswell.
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Figure 10. Resolution as afunction of sample

V. CONCLUSON

In concluson, the resolution function of this ingrument will depend on sample sze and
geometry. At the sacrifice of counting rate, smdler samples can be used to improve the
resolution of the spectrometer over a practica range of 2.2 eV to 2.7 nmeV. Changing
the spectrometer design to incorporate a larger flight path would lessen the effect of
sanple dimenson on the resolution. However, a larger flight path sgnificantly impacts
the total cost of the spectrometer. For example, increasing the nomind sample-andyzer
distance to 3.0 m from 2.5 m increases the andyzer surface area from 18 nf to 27 nf at a
cost of $900k. The size of the scattering tank would aso increase adding additiona cost.

The detectors should be tilted 7 deg out of the scattering plane in order to optimize the
resolution for small samples (~1 x 1 cnf), dthough this effect is negligible compared to
other terms for large samples (~3 x 3 cn). This is a smal effect, but the cost of tilting
the detectors isinsignificant.
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