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Abstract

HYSPEC is a direct geometry spectrometer to ballestat the SNS [1] on beamline 14B where it will
view a cryogenic coupled hydrogen moderator. Tiybrid’ design combines time-of-flight spectroscopy
with focusing Bragg optics to provide a high morrochatic flux on small single crystal samples, véth
very low background at an extended detector bahk. ilfistrument is optimized for an incident energy
range of 3-90meV. It will have a medium energy Itggm (2%-10%) and will provide a flux on sample
of the order of 1810’ neutrons/s-cf The spectrometer will be located in a satellitélding outside the
SNS experimental hall at the end of a 35m curveersoirror guide. A straight-slotted Fermi chopper
will be used to monochromate the neutron beam andetermine the burst width. The 15cm high, 4cm
wide beam will be focused onto a 2cm by 2cm ardaeasample position using Bragg reflection from
one of two crystal arrays. For unpolarized neutrstudies these will be Highly Oriented Pyrolitic
graphite crystals while for polarized neutron seslithese will be replaced with Heusler alloy crissta
These focusing crystal arrays will be placed in ramd shield similar to those used for triple axis
spectrometers. Hyspec will have a movable detdzdok housing 160 position sensitive detectors. This
detector bank will pivot about the sample axiswilt have a radius of 4.5m, a horizontal range 6P 6
and a vertical range of +7.5°. In order to reducackground at the detector bank both a curved guide
and a TO chopper will be used. A bank of 20 supeombender polarization analyzers [2] will be used
to spatially separate the polarized neutrons in Hoattered beam so that both scattered neutron spin
states can be measured simultaneously. The refuli®nte Carlo simulations performed to optimize th
instrument design will be discussed.

1. Introduction.

HYSPEC (HYbrid SPECtrometer) is a direct geomepgcsrometer to be installed at the SNS [1]. Its
primary mission is to perform inelastic neutrontsgréng experiments on small single crystal samples
The ‘hybrid’ design combines time-of-flight specoopy with focusing Bragg optics to provide a high
monochromatic flux on these small single crystahgies. The instrument is also designed to provide a
very low background at an extended detector bahk. ifistrument is optimized for an incident energy
range of 3-90meV. It will have a medium energy hatson (2%-10%) and will provide a monochromatic
flux on sample of the order of $20" neutrons/s-cf

HYSPEC will be installed on beamline 14B where itl wiew a cryogenic supercritical coupled
hydrogen moderator. This moderator delivers mordroas in the 5-50meV range than any of the other
SNS moderators[3]. The experimental area of thilungnt (the energy defining choppers, the focusing
monochromator crystal array, the sample stage haddetector bank) will be located in a satellite
building outside the SNS experimental hall at the ef a 35m curved supermirror guide. A straight-
slotted Fermi chopper will be used to monochrontlaéeneutron beam and to determine the burst width.
The 15cm high, 4cm wide beam will be focused onfci by 2cm area at the sample position using
Bragg reflection from one of two focusing crystatays. For unpolarized neutron studies these weill b
Highly Oriented Pyrolitic graphite crystals whilerfpolarized neutron studies these will be replagigd
Heusler alloy crystals. These focusing crystalyarnaill be placed in a drum shield similar to thased
for triple axis spectrometers. Hyspec will have avable detector bank housing 160 position sensitive
detectors. This detector bank will pivot about Hzenple axis. It will have a nominal radius of 4.5m,



horizontal range of 60°, and a vertical range ab%7In order to reduce background at the detdzaok
both a curved guide and a TO chopper will be ugedank of 20 supermirror bender polarization
analyzers [2] will be used to spatially separate fblarized neutrons in the scattered beam sabtitat
scattered neutron spin states can be measuredammolsly.

One of the primary objectives in designing HYSPES heen to maximize the signal to background
ratio in the detectors. This objective can be agaisied by doing two sets of simulations, one get t
maximize the flux on sample and the second setinamize the beam-related background. The firsofet
simulations was performed using the McSTAS[4] neuitray-tracing package. The second set of
simulations relating to shielding and backgrountl mé performed using MCNPX [5]. The HYSPEC
shielding has to be designed so that the biologioaé rate is less than 0.25mrem/hr for areas with
unlimited access. The beam-related backgroundfgodlY SPEC is to have less than 1 count per 2.5cm
detector per minute.

The layout of the instrument is described in Sect® Design features that reduce beam-related
background are highlighted in Section 3, and ims&mnt performance is discussed in Section 4.

2. Description of HY SPEC.

Figure 1: Schematic layout of HYSPEC with the mbnamator and detector bank in a separate building
outside the instrument hall

Figure 1 is a schematic layout of HYSPEC with tkpezimental area of the instrument (the energy
defining choppers, the focusing monochromator ahytray, the sample stage and the detector bank)



located in a separate building outside the SNSraxeatal hallHYSPEC will be installed on beamline
14B where it will view a 10cm by 12cm cryogenic sugritical coupled hydrogen moderator. This
moderator delivers more neutrons in the 5-50me\geahan any of the other SNS moderators [3]. The
moderator-monochromator distance is expected trdnend 37m. Sections of the primary guide are alrve
so that the monochromator is out of the line ohsif the moderator. The spatial offset at the
monochromator is expected to be about 16cm.

As illustrated in Figure 1 the major component$i¥SPEC are the guides that transport the neutrons
from the moderator to the monochromator, Box-A, 8the drum shield surrounding the focusing
monochromator crystal array, the sample stagelmndédtector bank. Box-A and box-B are virtual boxes
containing choppers, motors and pieces of guides-ABcontains the TO and T1A (frame overlap)
choppers, and Box-B contains the T1B (order suppr@ésnd T2 (wavelength defining) choppers. Detiaile
descriptions all these components can be founef@rence [6] and references therein. The schematic
layout of Box-A and Box-B are shown in Figs 2 anéid that of the HYSPEC guides in Figures 4 and 5.
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Figure 3: Box-B containing the T1B and T2 choppers.

The primary function of the guides is to transpbé neutrons from the moderator to the
monochromator. Guides Gla and G1b extend througprimary shutter, the biological shield and the
chopper archway. The guide is 4m long, 4cm wideitegpands in height from ~13.2 to 15cm. Guides
G2, G3 and G4 are 4cm wide and 15cm high. The grodéing is m=3 supermirror. Guide section G2 is
curved with a radius of curvature of 2542m. Thidiwa of curvature was chosen to obtain a 16cm bffse



times the guide width) at the monochromator. THiised completely removes the monochromator from the
line of sight of the moderator, thereby reducing flst neutron flux by a factor of the order oP1@he
curved guide, along with the TO chopper, signifitareduces the background at the detector bank.
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Figure 4: Schematic layout of HYSPEC upstream ehtlonochromator
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Figure 5: Arrangement of the 1.75m straight guid8ex B & drum shield



The primary function of the four choppers is toidefthe energy and time profile of the neutron puls
incident on the sample. The secondary functioo ietluce the background at the detector bank. Dhe T
chopper is a “dumbbell-shaped” rotor made of intartéch can be rotated at 30 or 60 Hz. The TO cleopp
removes a significant fraction of the fast neutrand the initial gamma rays from the neutron beEne.
T1A (frame overlap) and T1B (order suppressor) gleop are single-slot single-disk choppers which wil
rotate at 30 or 60Hz. They will be made of boroaded material. Their function is to remove contiiins
due to frame overlap and order contamination froenrteutron beam that reaches the focusing crystals.
The function of the T2 chopper is to select thesbwidth (time and energy) of the incident neutrdrtss
chopper is envisioned as a vertical axis rotor wiffrermi-type, straight-slotted slit package insene
rotation rates are expected to be integral muliplethe source frequency ranging from 60 to 480Rhm
different slit package inserts are under consid@rabne with aluminum beam channels and Gd metal
channel defining absorbers, the other with supeomizoated single crystal silicon beam channels@dd
metal channel defining absorbers. The slit packagapected to be 4.2cm wide, 15¢cm high and 1cig,lon
and has been optimized to provide a time bursbafsbat 180 Hz.

A focusing crystal array will be placed downstreafnthe T2 chopper inside a drum shield. A double-
focussing array of ZYB grade HOPG (highly orienpgdlolytic graphite) 30cm wide and 20.4cm high will
be used to produce the non-polarized neutron baareusler Cu2MnAl crystal array will be used to
produce a polarized neutron incident beam. Thetargsray will be surrounded by a conventional drum
shield. The angular rotation range of the drumldhigll be 15° < By, < 90°, where @, is the deflection
angle of the beam. This corresponds to an initiatgy range of 3.6-90meV. At this time it is estieth
that the internal diameter of the drum shield wél60cm, and the outer diameter will be 180cm. MENP
simulations are being done to determine the dineeissand composition of the drum shield.

The focusing crystal-sample distance will be alldwe vary from 1.4 to 1.8m. The sample and the
sample environment (a CCR, cryostat, furnace asroggnet) will be carried on a sample stage that wil
move on air pads across the dance floor. Immegliatabve the air pads will be a motorized and endode
rotational stage that will be used to rotate ansitjpm the detector bank. On top of this will bevtrer
rotational stage to rotate the sample, and on tdipad a goniometer to translate and tilt the sampl
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Figure 6: A schematic 3d rendering of the deteossel.

A schematic of the HYSPEC detector vessel is shiowigure 6. The detector vessel will rotate about
an axis through the center of the sample staged&textor vessel will carry 20 120cm long LPSD 8ksa
at a nominal distance of 4.5m. The horizontal amgatceptance of the detector bank will be 60%,the
vertical angular acceptance of the detector bafikbei+7.5° . The vessel will be filled with arggas at



~1 atmosphere pressure. The front window of thealet vessel will be 70cm from the sample, and béll
made of 0.05mm aluminum foil. The detector vessalsawill be shielded both internally and extergall

For experiments that do not require polarizatioalygsis a radial collimator will be mounted between
the sample and the front face of the detector VeBse polarization analysis experiments the radial
collimator will be replaced by an array of 20 supiror bender transmission polarizers. These apgsh
in Figure 7 and described in detail in referendeTBe choice of 20 polarizer benders matches €h&82
packs” of detectors and the 20 segments in theseaanllimator.
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Figure 7: Arrangement of the solid state collimatord bender polarizer (left). Array of 20 polarizer
benders with magnets, yoke, and motors (right).

3. Plan to minimize beam-related background

In order to minimize the beam related backgrourtti@tHYSPEC detectors we have to reduce the
fluence of both fast and unwanted thermal neutedriie focusing crystal. The selected thermal oastr
are Bragg scattered down the exit tube and onteah®ple. The unwanted neutrons are scattered (non-
Bragg scattering) into the drum shield as well @smlthe exit tube. Neutrons can get moderated or
absorbed as they pass through the drum shieldgalseona rays can be created due to neutron absarptio
Both neutrons and gamma rays will contribute tolttméogical dose rate and have to be absorbedein th
drum shield. The drum shield will be designed s the biological dose rate requirements are gadisf

HYSPEC will use both a TO chopper and a curvedguidhe curvature of the guide is such that the
focusing crystal is displaced 16cm with resped¢htomoderator. This displacement is 4 times thahnad
the guide and it will remove the crystal array cdetgly out of the line of sight of the moderator.
Preliminary simulations have shown that this redube fast neutron flux to about1fmes the flux for a
similar straight guide. In addition to the TO chepghere are three other choppers in the linedqe-T1A,
T1B and the T2 chopper. The T1A and T1B choppelidoeiboron-loaded so that they can absorb both
thermal and fast neutrons. The T2 Fermi choppéraile gadolinium in the slit package to absorlorita
neutrons. The choppers and the curved guide vdlice the flux of neutrons reaching the crystalyarra

The He3 detectors in the detector vessel detegtlont-energy neutrons. The absorption curve for the
HYSPEC detectors is shown in Figure 8. Neutronsnafrgies upto 1keV can easily be prevented from
entering the detector vessel by putting appropghtelding outside the detector vessel. Gadoliniumthe
inside of the detector bank can absorb the theneatrons scattered by the argon in the detect@eles
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Figure 8: The absorption curve for the HYSPEC detsc

4. Monte Carlo simulations of HY SPEC performance.

Simulations to optimize the instrument performaaredocumented in references [7] and [8]. The
impact of the guide curvature on the thermal negtis illustrated in Figure 9. The reduction mxflat
90meYV is almost a factor of 2 when the displacenagttte crystal array is 16cm or 4 times the guide
width. Despite this loss of flux curving the guideconsidered an advantage because it results in an
attenuation of fast neutron flux by almost>L0This allows us to reduce the thickness of thardshield
and to move the sample position closer to the akyst
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Figure 9: Effect of the guide curvature on the mentfluence at Box-B.

The wavelength-defining T2 chopper is placed a5®@5from the moderator. The slit package of the
Fermi chopper has been optimized to give a burst tif ~55us at a rotation frequency of 180Hz.
Transmission through the chopper can be changetidnyging the rotation frequency of the chopper,
transmission increases as the rotation frequencredses. These results are plotted in Figure 10.
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Figure 10: Fluence of neutrons passing throughReemi chopper at different energies for rotation
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The fluence in a 2cm by 2cm area at the sampléiposs plotted in Figure 11 for three different
configurations of the focusing crystal array plubaseline” case. The “baseline” is a unfocussk)(f
crystal array using the ZYA grade (24’ mosaic) @PG. The other three configurations use ZYB grade
(48 mosaic) of HOPG in the flat, only verticallpdused, and both horizontally and vertically foclse
arrays. Vertical focusing has a huge impact, irgirgathe fluence by a factor of ~6.
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Figure 11: The fluence of neutrons at a 2cm by aosa at the sample position.



The rotation frequency of the Fermi chopper aldereines the burst time at the sample and the émtid
energy width. The burst times (immediately dowrestneof the Fermi chopper) and the incident energy
widths are tabulated in Table 1 for rotation rai&60, 180, and 360 Hz.

Table 1: Burst times and incident energy widthsréaation frequencies of 180, 60, and 360Hz.

Energy 180Hz 60Hz 360Hz

(meV) AT (us) AE; (meV) AT (us) AE; (meV) AT (us) AE; (meV)
3.6 56 0.032 172 0.047 29 0.032
5.0 55 0.046 169 0.072 29 0.044
15 55 0.166 167 0.331 27 0.132
30 55 0.308 166 0.820 27 0.200
60 55 0.800 162 2.053 26 0.413
90 51 1.325 162 3.399 26 0.701

An estimate of the energy resolution of the inseuatrfor elastic scattering can be obtained from the
burst times at the sample positider/Er= 2*ATs/T, whereATs is the time burst width at the sample and
T is the time taken to traverse the distance bettlee sample and the detector bank.

Table 2: Energy resolution of the instrument farstic scattering. The rotation rate of the Ferrhopper
is 180, 60, and 360Hz.

Energy AER/E= 2*ATS/T

(meV) 180Hz 60Hz 360Hz
3.6 0.025 0.078 0.013
5.0 0.026 0.081 0.014
15 0.045 0.138 0.022
30 0.063 0.193 0.032
60 0.091 0.265 0.043
90 0.103 0.327 0.053

The energy resolution of the instrument for inetastattering is plotted in Figure 12.
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Figure 12: FWHM resolution widths for the Fermi piper running at 180 Hz for various energies.



The scaled energy transfer E#(E--E,)/E,, and the scaled energy resolutioA/E,. The energy
resolution for zero energy transfer or elastictecaiy is dominated by the energy resolution of the
secondary spectrometer. The energy resolutionge knergy loss is due to the energy resoluticghef
primary spectrometeXE/E; .

Summary.

As these simulations show HYSPEC will deliver ahhigonochromatic flux on small samples for an
incident energy range of 3-90meV. The instrumetitiveive a moderate energy resolution (2%-10%hgfor
Fermi chopper rotation rate of 180 Hz. The fluxsample can be increased by decreasing the rotaiien
of the Fermi chopper, thereby increasing the buigth at the sample. However, this gain comesat th
expense of the energy resolution. The energy résnolof the instrument can be improved by incregsin
the rotation rate of the Fermi chopper. This widttease the burst width and flux on sample. This
versatility in instrument performance will allowetlusers to customize the mode of operation forviddal
samples.

HYSPEC will also have a large signal to backgrotati. The long curved guide, the system of
choppers, the design of the drum shield and deteessel will combine to reduce the beam-related
background.

A tested, maintenance-free polarization analygiabdity will allow polarized neutron experiments.
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