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The first vanadium spectrum from the NCNR high flux backsca 4 — g g
tering spectrometer (HFBS) was obtained in June of 1998 aftel m v -
design and construction effort lasting more than six years. The _ 81— 7
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measured energy resolution of Q.OV is a factor of 50 better
than that routinely obtained using any other spectrometer curre
ly in operation at the NCNR (Fig. 1). This exceptional energy
resolution will enable the investigation of many types of dynam
cal processes in materials, including molecular reorientations,
diffusion, dynamics of liquids, glasses and polymers, and critice ~ -300  -200 -100 0 100 200 300
scattering near phase transitions. crystal velocity (m/s)

A backscattering spectrometer can be viewed most simpl
as a limiting case of a triple-axis spectrometer where the scatte
ing angles of the neutrons from both the monochromator and
analyzer crystals are 180 degrees [1]. This geometry decouplegeutron wavelength of 6.27A. The incident energy is varied by
the beam divergence from the energy resolution allowing the = shaking the monochromator using a cam-operated drive system
instrument to achieve an ultimate energy resolution defined by thereby Doppler shifting the incident neutron energy. To date,
the properties of the crystals. The HFBS uses the (111) reflectigiis device has been used to obtain energy transfers of +/- 45
from bent silicon crystals to both monochromate and analyze theV. The ultimate overall energy transfer range measured by this
neutron energies. The final energy, defined by the Bragg condiinstrument will exceed 5QeV.
tion from the silicon analyzers, is 2.08 meV corresponding to a The primary design goal of this instrument was to maxi-
mize the count rate for a given experiment while maintaining an
energy resolution of better thanugV full width at half maxi-
mum (FWHM). This has been achieved by matching the diver-
gence of the front-end of the instrument with the divergence of
the secondary spectrometer, utilizing a phase-space transform
(PST) chopper and by maximizing the area of coverage for the
7 analyzer and monochromator crystals. The HFBS design incorpo-

FIGURE 2. Measured gain from use of phase space transform chopper.
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FIGURE 1. Comparison of resolution of HFBS to SPINS (Cold Neutron Triple

Axis spectrometer).
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= rates a 4m long converging guide which increases the incoming

beam divergence and results in 3.9 times more flux at the end of
the guide. The PST is a novel device, conceived originally by
Schelten and Alefeld [2], which acts as a premonochromator for
the instrument: reflecting the beam of neutrons towards the
monochromator while focussing their energy distribution towards
the narrow value required by the backscattering monochromator
crystal. Measurements carried out at the HFBS have demonstrat-
ed for the first time that this device increases the neutron flux
from the monochromator by more than a factor of four from that
obtained with a stationary crystal (Fig. 2). The spherically
focussed monochromator and analyzer crystals cover very large
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MONTE CARLO SIMULATION OF
NEUTRON BEAM LINES

Monte Calo simulation of cold neuton beam tube pesfmance
is a paverful tool for predicting neuton fluxes and deeloping
optimized neuton scétering instumentaion. A Monte Calo
program has been geloped &the NCNR vhich males use of
modeled eflectivity curves and pameteized neuton closs-se€
tions to sinulate the neuwn beam deliery systemThe neuton
beam system nyaconsist of ap combindion of staight, bent,
focusing andltanneled guide sectiorsrcular and ectangular
diaphragms,neuton collimaors, neution \elocity selecta and
vaiiety of commony-used cooled ancdbom tempegture crystal
filters. The pogram can also alle for non-ideal confjurations
sud as andom Gaussian guide section misalignments. Modeled
guide codings indude naural Ni, 5&Ni, multilayer and supenir-
FIGURE 3. Scott Slifer adjusting the analyzer assembly on the HFBS. ror. Using eference neutin spectum dda, gold foil activation
data and meased eflectivity data obtained fom two of the
NCNR cold neuwn beam tubeshe Monte Cdo program has
been used tohamcteize the liquid lydrogen cold neutsn souce
brightness. In tur, this bightness model has been ingorted
into simulations of all the neutm beam tubes

(NG-0-NG-7) installed on the NCNR cold soarTable 1 shavs
tha the greement of the simlated and meased cature fluxes
is remakably good The pogram has been usedtensiely to
predict and optimie the perdrmance of pojected futue recon
figurations of the NCNR beam tubes aslias to barcteize
neution fluxes per unit wvelength &locaions where flux mea
surments & not \et available.

areas (the angker subtends 20% of the total solid angle) and
malke the instument \ery efficient in its use of thevailable neu
trons (Fg. 3). These lux enhancing déces t@ether with the
flux available from the NG-2 guide ha& resulted in a meased
flux a the sample position of 1.4 x 16m2-seclin good ayree
ment with calculéions. This flux males the HFBS competig
with ary instument of its kind in the arld.

Table 1. A comparison of measured and simulated capture fluxes for various locations on the NCNR cold neutron beam tubes. The table also gives
simulated integrated fluxes (&;,5™=/(d¢/d\)d\) and average wavelengths ( X =1.8 $,S™/¢!™; ) in the guide at the reference positions.

Guide system $,M35(cm2s°) oSmem2sT) ¢y, SM(em2sT) <> (A)
NG-0 before NDP chamber 2.56x10° 2.336x10° 6.020x108 6.976
NG-1 at reflectometer monochromator 3.1x10° 3.376x10° 1.023x109 5.93
NG-2 before filter 3.5x109 3.498x109 1.055x10° 5.96
NG-2 at HFBS shutter 2.15x108 2.094x108 6.08x107 6.20
NG-2 at HFBS (after converging guide) 8.29x108 7.75x108 2.25x108 6.20
NG-3 before SANS filter 1.7x10° 1.725x10° 5.30x108 5.85
NG-4 at DCS shutter 2.7x10° 2.62x10° 7.94x108 5.93
NG-4 at DCS sample (Choppers removed) 9.92x108 9.96x108 3.39x108 5.28
NG-5 at Guide Hall entrance 2.3x109 2.148x109 6.42x108 6.02
NG-6 at Guide Hall entrance 2.3x10° 2.197x10° 6.66x108 5.93
NG-6 at end of guide 1.37x109 1.387x10° 4.37x108 5.7
NG-7 at reflectometer monochromator 1.9x10° 1.948x10° 5.90x108 5.93

NG-7 before SANS filter 1.56x109 1.639x10° 5.12x108 5.75



NEW CAPABILITIES FOR SAMPLE
ENVIRONMENT AND PREPARATION

This year the NCNR atked sgeral nav sample evironment
cgpabilities. The obtainhle tempeature equvalent mgnetic feld

enegy per Bohr mgneton vas inceased fom 0.4 Kelvin to 0.52

Kelvin by the ppcurement of a Tesla ettical field supecon
ducting magnet. In oder to ead sample tempetures compas
ble with this feld enegy range, a pumped helium-3efrigerator

with a base tempature of 0.29 Klvin is incoporated into the 9

Tesla magnet systemThese lav tempeeatures and highiélds ae
critical for the NCNRS onging piogram of eseath on lav
dimensional mgnetism.The nev supeconducting mgnet sys

tem is top-loading Wich facilitates quik tum aiound or studies

involving multiple samplesThe hoizontal ield magnet,shavn
in Fig. 4, was ecenty retumed to serice.

A new 2000 K \ariable tempeature vacuum funace ves
acquied this yar poviding nev cgpability for neuton scétering
expetiments & high tempegtures.The fumace is cuently being
used or pavder difraction studies of aligs and ceamics & high
tempegtures. Other instrmentdion added this yar indudes:a
new intemedide tempegture 800 Kelvin fumace and a thid
closed-gcle helium efrigerator-furnace The efrigerator-fur-
naces ceer the tempeture range from ebout 20 K up to 650 K
without the needdr chandng the sample &ironmentwhich is
an impotant adiantage for making bakground corections and
tempegture compaisons.A new spinner with a laminaflow
hood vas installed in the user pyoher lboratory providing an
important on-site gaebility to spin-coa polymer flms from solu
tions for reflectivity measuements.

DETECTOR ELECTRONICS FOR THE HFBS

The recenty commissioned High Flux Bascdtering
Spectometer povided a unique desigrhallenge for theHe
neuton detector eleabnics.The combingon of a lage evacud-
ed fight pah together with tose paking of the half inb diame
ter detectas meant thiathe taditional peamplifer/amplifier/dis
criminator (FAD) modules could oml be utilizzd outside of the
vacuum bdamberThis option would hare resulted in an unac
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FIGURE 4. John Barker sets up the recently repaired superconducting hori-
zontal field magnet on the NG-7 SANS.

The NCNR design is based onawommecially available
hybrid circuits: a peamplifer/shaing amplifer, and an amplif
er/disciminator. Both pats dissipée paver & the milliwatt level
and ae fully vacuum (space)gred The output stge uses a
CMOS dual irerting/non-irverting diiver which also &hibits
very low power dissipéon, even when diving lage loadsThe
balanced output is used toopide ECL level logic output with
excellent common modeejection br the signal &insmitted out
of the fight chamber to the da acquisition eleatmics. Caeful
component selection and page designesulted in a small
form-factor flat-padage design with a thimess of less than
0.45 indes consistent with the detector spacieguirements.

ceptable noise susgaibility for the weak detector signals being Additional fedtures in the NCNR design ihde: a obust input

transmitted wer long cales and though \acuum &edthough
devices.The HFBS poject optedinstead to design a small
form-factor, fully vacuum ated FAD module th&could be lock
ed within the acuum fight chamber and theroute the obust
digital disciminator outputs to the outside tdaacquisition
electonics.

protection netwrk to protect the peamplifer, on-boad regula
tion of the disaminator level reference wltage, separte high

and lav level disciminator settingsand comenient on-boat
connectionsdr daisy daining high wltage and test pulse inputs
to adjacent RD modules
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FIGURE 5. Diagram of the DCS neutron time-of flight data
acquisition system.

DATA ACQUISITION ELECTRONICS FOR THE
DCS TIME-OF-FLIGHT SPECTROMETER

The disk ©iopper time-ofdight spectometer (DCS) msents a
set of unique lcallenges Dr its dda acquisition systenhe
choppes of the DCS péodically illuminate the sample with
pulses of neuans,some of vhich ae then scitered tavards its
913 detect®. The gproad tha has been adopted in the NIST
design is to pycess d hiearchically, in a tree-like stucture

tha mirrors dda bandvidth requiementsThe NCNR design (see

Fig. 5) uses tw types of single width 6U-szlVME modules to
process incomingwents and mltiplex them br VME readout to
the cete contoller computer \ere the gents ae histgrammed
The input modules pcess eents fom up to 30 detectsrcred-
ing time-stamped da words which ale moved to a 64 dgeFIFO
memoy for subsequentadoutThus the DCSequires 31 input
modules to handle its 913 detesto€oresponding to\ery
pulse athe sample positiorthe dhopper system prides a syn
chronous signal to the input module tistats a fee-unning
clock which is used to time-stamp the neurtresents.The input
modules ceae 30-bit vords tha encode both the time of the
event and the detectoumber A scanner module polls the 31
input modules wer a pivate kus to see if theare holding ent
words for readout. If an input moduleFIFO is not empty the
scanner modulesads anent and stas it or readout ger the
VME bus to the/ME crate contoller. The cete contoller com
puter eads theents,filters valid events,processes the timing

information, and histgrams @ents ly detector and timehannel
into a Bock of memoy accessile to the déa acquisition com
puter The daa acquisition computer is used topess the sted
histograms fom the measement. he \ersdility of the DCS
implies tha the times of gents nust on occasion be measdr
with grea precision (as small as 100 najd \et the time
between pulsestahe sample can be as long as 50 Tingis the
dynamic ange for timing measwements is almost six ders of
magnitude If the dda acquisition had novent tuffering cgabil-
ity, ead detector ggisteting an @ent nust be ead within the
petiod of one time bannel. If this bannel is 100 nsof 1000
detectos, this implies an integogation rate of & least 1010 bits
per secondlf events ae tuffered the highlyy improbable worst-
case gent e for the FIFO is thiaall neutons in a pulse ar
scdtered into detectaron a single input bodrlf the pulse athe
detectos is oughly triangular the peak neubn arival rate & the
detectos can be ~2x107 HZ 20000 pm. Havever, even if
these gents ae evenly distibuted wer all detecta on one
boad, this exceeds the limit imposedylihe detector dead time
and the upper limit is aund 2x106 based on 70 kHz/detector
maximum. Because the totalimber of detected neotrs in one
pulse can still xceed the deth of the hiffer, the citerion for
non-sduration of the input boat during detection of the pulse
can be gpressed agAverage peak eent arival rate-Event
downloading ete) x FWHM(pulse) < 64The second condition
for non-sturation of the acquisition\erall is tha the scanner
boad can dwnload eents &least the timeageraged eent
arrival rate, which is moe like 2x104 Hz 520000 pm if the
detector is daration limited. The scanner bodrcan pocess
events &a maxinum rate of @out 1.1 MHz therefore, the séu-
ration limits of the acquisition systemeanell mached to the
sauration limits of the detectarfor peak dta rate handling and
comfortably exceed the maxinm average dda rate handling
requirments. Br isotiopic scétering, the peak aival rate of
neutons on one input bodrcannot gceed aout 4x104 Hz &
20000 pm or 7x105 Hz ©1200 pm.

The DCS dta acquisition electmics were successfufl
tested under test-bemconditions and undéli ve” conditions
during a kecent eactor gcle.
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