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DETECTORS 

BACKGROUND, GOALS AND COMPLETED RESEARCH 

Nuclear Safeguards and Security Systems, LLC (NucS&) of Oak Ridge, Tennessee was 
awarded a Phase I SBIR Grant to develop Improved Position Sensitive Detectors for Thermal 
Neutrons. The primary goals of Phase I and 11 research are to design, test, and determine the 
technical fmibility of developing two-dimensional (2D) position sensitive, scintillating glass 
Fik Detectors (F’D) for neutron scattering research centers, particularly large mea detectors for 
the SNS. This documeat is a synopsis of Phase I research, results and discussion of testing the 
prototype FD, and conclusions drawn fiom this work. 

Neutron glass fibers are not as susceptible to gamma interactions as scintillator plates and 
wave-guides are not required since the fibers themselves act as the wave-guides and are used to 
provide neutron capture positioning data. Not many strands of neutron glass fiber are necessary to 
make thin fiber riibons. Each nibon can be electronically independent for timing and throughput 
as one of many detector elements in a high resolution array. The total time for individual neutron 
captures, fluorescence and ‘’relaxation,” and all signat processing is typidy less than 400 
nanoseconds (ns). This fhst reaction and processing time, combined with the glass &r detector 
llzedium that is relative€y inexpensive and flexible, are atttactive attributes for developing position 
sensitive detector arrays. Electronics developed by NucSafe for neutron glass fiber detectors 
utilize pulse height d y s i s  discrimination and very fkst coincidence circuitry, which allows very 
high neutron - gamma discrimination ratios. Through pulse-height dmmmat~ ‘on alone, neutron to 

‘on ratios of ~3500: 1 have been achieved m thick glass fiber bundles. Ratios as g-- 
high as 60,OOO:l may be achievable with new fitst electronic circuitry that is currently b e i i  tested. 

The Phase I proof-of-principal detector was conceptualized and designed to be position 
Sensitive in 1D and then be expanded to test for 2D position sensit i i  in Phase 11. The Phase I 
work plan and defi!verabes were to design, fdxicate and test a neutron detector prototype tbat 
u t h s  neutron glass fibers as detector elements. These single, or at most double, fiber layers 
were initially plannea to be configured into parallel strips of 1 mm in width or less with &er 
lengtbs of 50 cm of so m the prototype detector. A number of these liber strips arranged paallel 
to one another constitutes a 1D detector with a resohtion somewhat less than the width of the 
strip; Le., 1 mm or so in the prototype. 

* . .  
* . .  

This was the basic proposition and goal of Phase I R&D - to find out how the glass fibers 
respond to scattered neutrons and perhaps incident beams in pulsed neutron environments and m 
high flux reactor environments. The proof-of-principal prototype also was to test neutron- 
gamma seflsiftvify and that neutron-gamma discriminaton for neutron glass fibers is suitable in 
both pulsed and steady state neutron source environments. In fkct, a much more extensive proof- 
of-principal prototype detector was firbricated, which delivers significantly more that proposed m 
the Phase I research plan. The detector platform was expanded to allow for testing of not only 
1D position sensitii,  but also 2D for populations of neutron captures. The prototype detector 
was designed so that is was useW for Phase I and could then be scaled up for the initial portions 
of Phase II R&D. Phase 11 will focus on 2D position sensitivity for individual neutron 
interactions using a minimurn of two “crossed-fiber” designs for 2D position sensitivity. 
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Proof-Of-Principal Fiber Detector for Thermal Neutron Detection and Discrimination 

The proof-of-principal position sensitive &r detector is quite Merent than the large 
panels that are developed by NucSafe (the Small Business Concern) for passively dete&kg and 
measuring thermabd neutrons at very low count rates. NucSafe has extensively tested large 
area neutron glass fiber panels for over two years during the tAEA ITRAP e d t i o n  of detector 
systems for nuclear non-proliferation and illegal trafiicking of nuclear materials (Hull, 2001a). 

Goals for the prototype F i k  Detector (FD) were to gather data and properly discriminate 
neutron and gamma signals m red time. The Phase I system was designed to be position 
sensitive in one dimension (1D) and have the c a p b e  of 2D measurements in Phase II. The 
Phase II system is planned to have high throughput and saturation levels while detecting and 
recording individual neutron arrivals in 2D with very Gist detection and signal processing times. 

The concept fbr the NucSafk Phase I FD is somewhat simiIar to the cross-fiber detectors 
scintillation systems constructed by Wright, Hutchinson, Richards, and Holcomb (1998). These 
prototypesy and to an extent their wand detectors, are analogous to the proposed FD m that 
scintillation is the medium and optoelectronics are uwized to detector and “plot” the loci of the 
neutron interactions. However, no scintillator plate is used in the glass fiber detector. - the 
scintillation plate and the wave shifting guides are replaced by the fibers. 

Design and Fabricaton of the Prototype Position Sensitive Fiber Detector 

- MCNP models were run to get initial k l i n g s  fbr the detection quantum efficiency in 
various con@prations prior to finalisrjng a prelimimry F i k  Detector design, 

- Neutron sensitive glass fibers were to be arranged in thin strips of double layers of fibers 
- these are ref& to as bilayers. About 7 adjacent glass fibers with cladding arranged 
in a single layer are about 1 mm in width. Thin &ex strips were cox&gmA as acijacent 
riibons 0.5 an in width (the resolution dimension that was chosen to be tested). Fiber 
lengths were dictated by the sample well used for testing at IPNS. 

- Each fiber ribbon was coupled at each end so coincidence circuitry was applied as well as 
pulse height analysis to discriminate gamma and neutron signals. 

- Processing electronics can now handle 1 MHz with very little dead time and fluorescence 
and processing times allow count rates to -1O’per channel using the current electronics. 

The modeling of 0.50 cm wide X and Y neutron glass fiber riibons indicated that one, at 
most two, bilayers are required for the neutron energies at IPNS. One glass fiber ”biiayer” is 
simply two layers of fibers like in the “end-on” view shown in Figure 1 below: 
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Figure 1. Neutron glass fiber bilayer - end-on view. Individual fiber 
diameters are 100 p. The silicone cladding on individual 
fibers results in packing diameters of -150 mm. 

A “cartoon” of the final prototype design is shown in Figure 2. The ”XI’ and T’ fiber 
ribbons that comprise the detector “elements” are shown in orange and blue in the figure. This 
diagram shows only the detector base plate, riibon channels occupied with neutron fiber riibons 
and passive wave shifting fibers, photomultiplier tubes, and general configuration. The 
prototype detector as deployed in its light-tight casing is not depicted. The objectives for testing 
this prototype in the laboratory and in the “field” at IPNS were to: detect scattered neutrons 
&om a pulsed source, determine if neutron glass fibers me usefid as detectors in this 
environment, find out ifthe system can clearly discriminate neutron €?om gamma events, get an 
idea of the best electmnic configuratom for measurements, determine the position sensitivity 
and throughput for the detector ribbons, and use these tests to evaluate scaling up the prototype. 

Thermal Neutron PSD - 2D Prototype (Fiber Detector) 

n m a  I i I 

Fignre2. Simplified diagram of the prototype position sensitive neutron 
detector developed during Phase I SBIR research. 

X 

The technical specifications for the prototype detector (particularly the base plate) are 
shown more c l d y  in the mecharaicat drawings included as Figures 3 and 4. The overall 
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dimensions of the detector are based upon the vohune of the sample well in the testing area to be 
used at IPNS (QUIP). The relatively large 5 cm spacings between the ribbons (spacings are 10 
times that of a fiber ribbon width) were designed to alIow the in&viduaI nibons to be isolated by 
"masking" off detector element ribbons by constructing neutron masks around specific areas of 
the X-Y fiber ribbons and riibon intersection "nodes." The large intervals were chosen in order 
to minimize neutron interactions except with the area being measured for position sensitivity. 

Figures. CAD diagram of the Phase I prototype position sensitive 
neutron detector (light tight enclosure is not shown). The 
square spacings on the detector baseplate between X and Y 
neutron glass fiber ribbon elements are 5 cm. The 
prototype detector has two 'Wves" as descri i  in the text. 
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The prototype detector baseplate was designed for housing two types of crossed fiber 
detectors. Each detector "half' is planued to be tested separately; the first during in Phase I and 
the second during the &y part of Phase II. This concept was used to minimize re-design and 
engineering costs if the initial tests wammted ongoing development of the detector systems. 
This may be explained more easily by use of the diagram shown in Figure 4, a mechanical 
drawing to scale of the detector baseplate with specifications (wfortunately, still in English 
measurement units). The baseplate was machined fkom very high purity aludnm to minimize 
activation products. The p d e l  lines at right angles are the channels that were machined into 
the baseplate to contain the fiber ribbons in the desired geometries. 

Figure4. Mechanical drawing of the prototype position sensitive detector 
baseplate showing the 3 X and the 6 Y Ber riibons channels. 

The 'lefk-hand'' side of the detector baseplate, ie., the left most three Y channels and the X 
fiber ribbon channels shown in Figures 2,3, and 4, was designed for containing neutron sensitive 
scintillating glass fibers on both the X and Y ribbons. This 'left detector" was produced and tested 
during Phase I research. Phase 11 the detector baseplate will contain two types of fibers on 
the right hand side of the detector; neutron sensitive glass fibers on the X axis and wave shifting 
fibers along the Y axis. This is shown d k g m m u d d y  in Figure 2. This Phase I detector will 
then have another life for testing both the neutron glass crossed fiber sub-detector and the neutron 
&s - wave shifting fibers sub-detectors for 2D position sensitivity. 
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Subsequent to t id izhg  the prototype FD design, detector fkbrication was undertaken at 
NucSafe production fkcilities in Oak Ridge, Tamessee. Design and machsning of the baseplate 
and housing components of the custom detector, PlW‘ thimbles and coupIing, all dectronicS design 
and board m-e, and system ixitegnition were performed at NucSafe. The neutron glass 
fiber is currenty being produced using the prototype “hot drawdown” fiber drawing assembly at 
P”L; this was the only process in this research that is not wholly controlled by NucSde. The 
glass fiber production will be completely internalized at NucSafe &&ties within the next year to 
18 months (this research accelerates the implementation of this Fiber Drawing fkdity). 

. As the detector baseplate was loaded with fiber ribbons 8s shown in Figure 5, the X & Y 
neutron glass fiber bilayers were interleaved; e.g. the first fiber bilayer nibon was lain along the X 
axis (43.0 cm of active length, phs the “bare” fiber required at each end for coupling to the PpUrrs), 
then a 21.5 cm fiber bilayer ribbon on the Y axis, then another 43 cm long X Ribbon, e&., until 
there were to be four interlwed bilayer ribbons for each X and Y detector ”element.” 

Figure5. Prototype NucSafe position sensitive detector baseplate 
showing the X fiber n%hm channels and Y fiber riibon 
c h e l s  being loaded with neutron glass fibers. 

The detector baseplate loaded with neutron glass fibers is shown in Figure 6. At this point, 
fiber ribbons are in place and extend through the custom designed thimbles for setting the &ers in 
place with optical epoxide. The structural support frames were then bolted into position over the 
threaded thimbles (the black cylinders fiom which fibers protrude). Figure 7 shows the qompleted 
detector baseplate loaded with fibers and ready for cutting off thimble ends and mounting PMTs 
fenules onto the glass bound thimbles with optical coupling grease. 
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Figare7. Assembled detector baseplate and backing. Neutron 
fiber ribbons extend through qxxidaset thimbles, prior 
to cutting thimble ends and mounting PMT f d e s .  
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Each individuany clad neutron scintillating glass fiber is 150 pm in diameter so each 0.50 
cm wide bilayer nibon should contain - 65 fibers. Unfortunately, during the glass drawing 
process, the drum that takes up fiber in a selected overlap and spacing configura.tion for the fiber 
drawing operation was not operating properly. The mount ofglass fiber that was drawn was only 
about one sixtb of that designed for and agreed to be produced for the prototype detector ribbons. 
The take-up drum apparatus could not be repaired before the detector was scheduled for testing at 
IPNS at Argonne National Laboratory. Instead of each X and Y ribbon channel that was designed 
for 4 biiyers of fibers, which is approximately 260 fibersper X or Y nibon, only 38 to 43 fibers 
were delivered per individual nibon. This was considered to be a major setback as only about 
one-sixth the %I atoms, would be present overall and in each ribbon. PNNL personnel could not 
produce more liber given the time needed to repair the glass takeup drum, so the prototype FD 
was loaded with the available fiber. In spite of this major &f€kuhy, extremely usefid counting 
data were obtained with these few fibers. This demonstrates that the prototype detector can easily 
be scaled up to the fhll compliment of fibers for 2D testing in Phase II on both ‘Wves” of the 
current detector baseplate. 

The prototype position sensitive FD was completed at NucSafe production Wties .  The 
thimbles containing the ‘?potted” fibers were cut off perpendicular to their lengths with a 
diamond saw. A photomultiplier housing was designed for the speciatized PMT used for this 
project, a Hamamatsu Series 7400 PMT that is capable of meawring individual photon events. 
The photomultiplier tubes were fit into f d e  housings and mounted on the threaded thimbles 
using optical coupling grease. The rniniamkd high voltage and signal boards for each PMT 
were then mounted and wiring the individual PMT to connectors in the light tight detector 
container were completed. Mounting the detector baseplate into the light tight enclosure was the 
final procedure for the assembly of t4e prototype position sensitive fiber detector. The mounting 
and cabling of the PMT and the final assembly of the detector at NucSafe is shown in Figure 8. 
The exact positions of all X and Y glass fier n’bbon “detector elements” were then scribed on 
the front and back fitces ofthe detector enclosure. 

Photomuftiplier Tube HV Figure& Newly designed rtmmhmd 
and signal boards, PMT, fermles mounted on fiber 
thimbles, detector baseplate and backing in final assembly. 

. .  . 
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Electronics Design for the Prototype Position Sensitive Fikr Detector 

- NucSafe engineers have custom designed electronics for the neutron detector. 
Prototypes have all been developed at NucSafe with carem documentation of board 
designs and operational prototypes. 

- Systems boards have been designed and produced specikdly for neutron glass fiber 
detectors. These and ancillary PClO4 processing boards, bigh voltage power supplies, etc. 
bave been integrated and thoroughly tested in the field and laboratory for over 3 years. 
NucSafe electronics run glass fiber systems from relatively small briefcase mounted 
detectors to large 5,000 to l0,OOO cm2 neu’tron glass panels at border stations and airports. 

- Existii board designs were extensively modified for the position sensitiie detector. 
Two new systems boards were &bricated that are capable of simultaneous operation of 
3X and 3Y ribbons; i.e., for both the Phase I and Phase II prototype detectors, without 
additional design or modification. 

- Coincidence circuitry is applied to outputs &om PMT at each end of a fiber njbon. 
Coincidence criteria as well as pulse height discrimination are utilized to clearly separate 
the gamma and neutron signals for each riibon that Comprises a 1D detector element. 

- System boards and firmware were re-designed with additional logic chips. Lo&c chips 
were reprogrammed with the capability to compare output signals on twelve channels 
(3X x 3Y ribbons) m coincidence. T& slices of 160 nanoseconds are mw operational 
fbr signal coincidence thing for all X and Y glass fiber riibons m the prototype. 

- Miniaturized PMT high voltage supplies and signat amplification boards were developed 
and successm tested during this project. 

- Sets of coincidence parameters can be easily uploaded to firmware. Parameters for dead 
time, read out rate, coincidence parameters (NT and N, for each PI” coincidence pair), 
and other settings can be quickly by the user. 

- Electronics were updated to enable data reaclout at three orders of magnitude Wer rates. 
Data read out h.ltervals for the prototype Phase I PSD could be set to 2 milliseconds (ms). 
The electronics designed m anticipation of Phase II research can be read out at 1 
microsecond (p) intervals, even shorter read out timing is possible. 

- A circuit for “stopping the clocks” and allowing re-acquisition of data &er a user defined 
“lag time” has been designed and is nearing completion. System boards and timiug 
circuits have been modified so neutron - gamma events &om the ‘brompt pulse” at 
accelerator based pulsed neutron sources are not recorded. This timing delay and 
reacquire signal allows timing circuits of the PSD to synchronize with the prompt pulse, 
re-set, begin data acquisition &er a given lag time (e.g., 250 pm at IPNS), and keep track 
of “live-time.” This circuit will be integrated with the system boards and operational for 
the h t  tests of the Phase 11 prototype. 
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PHASE I RESEARCH RESULTS 

The Phase I prototype position sensitive fiber detector now has been tested m the 
laboratory at NwS& production fhcilities and the Intense Pulsed Neutron Source (IPNS) at 
Argonne National Laboratory. Test results are summmmd e in this section. More detajled 
datasheets and the results of mdividud test runs produced with a variety of detector dead times, 
coincidence parameters, read out rates, and other userdefined parameters are available on CD 
fiom NucS&. These data may be of iriterest to T e c W  Reviewers. 

Results and Discussion of Laboratory Testing 

The initial testing of the fiber detector (FD) prototype was undertaken at NucSafk 
production and laboratory hilities. The prototype detector system (comprised of the prototype 
fiber detector in a light tight enclosure, onboard electronics, cabling, system electronics, 
firmware, testing software, and laptop PC) operated as designed without any difticulties when 
first energized. The system was ready for immediate testing for response, neutron-gamma 
dmmmation, optimkhg electronic mnfigwations, dynamic range, data read out and recording. . . .  

Two series of measurements were produced using sealed gamma and neutron sources. 

1. The first measurements were run to determine whether PMTs could be adverselyaffected 
by elevated gamma and neutron fluences. Gamma itllteractons with PMT were of most 
concern with respect to detector “onboard’’ electronics exposed to the scattered beam. 

Gamma (l3’Cs) and neutrongamma (=a) sources were placed on and near the PMT to 
evahmte the effects of radiation htemctm ~nswithPwandassoclated electronicsthatwould 
be exposed to the neutron-gamma flueme of a scattered beam. Boththe 252Cf source, which 
is r e w e b  active, and up to SO pci oP3’cs were placed on and at varying distances iiam 
the PMT and bigh vohgdsignal boards. PMT interactions with radiation h m  these 
sources were checkedby clisco- fikrribbonshmthePMT, masking overthe &mule 
to elinbate light pulses h m t h e  iiberthimbles, re-sealing the lighttight enclosureand then 
testiag the “detector-less” PMT for radiation induced iuteractiom, subsequent to running 
b a & g r o ~ w i t h t h e s a m e c o ~ o n  

The differences in the count rates with and without the sources present were statistically 
insiicant.  No interactions m excess of those attriiutable fiom ”dark noise,” as given 
in the spec5cation sheets for the individual PMT, were noted, even when sowces were 
directly adjacent to PMT. Dark noise had to be considered, since the PMT was not 
running in coincidence mode during these tests. Neutron count rates did not increme, so 
elevated gamma ray fluences do not appear to adversely afkct these PMT. This was 
encouraging as &amma ftuenoes, even &om a much ‘bighk? pulsed neutron source than 
IPNS, wilz not approach those emitted &om the sealed sources used for lab bertchtesting. The 
conclusion drawn hmthesetests was that garmna rays hkmxthg with and causing spurious 
counts or saturating the optoelectronic devices and assoclztfed electronicswillbenotbe 
@@cant ia a pulsed neutron source environment. (?aimma &sactiom with FD electronics, 
detector, or housiag compo- also willbe tested at HFIRduring Phase II research, 

- 
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1600,4,1 2 1.74 0 to cod. 7, y lower 
1600, 4, 1 5 1.64 Read out too long 
1600,4,0 2 2.56 n COW higher, 7 lower 

The P W  were re-connected to each end of the fiber ribbons and operated in coincidence 
mode. In all FD prototype research, pulse height discrimination 1PE was set at 100 mV 
and the 2PE set at an "open upper window" level for neutron gamma interactions with the 
fiber. These settings have been determined to be optimal and confirmed during years of 
fiber detector operations and testing, so were not altered during tests of the FD. 

7 

8 

9 

2. The second series of laboratory tests were to evaluate the prototype response and abiity 
to discrimhate gamma interactions &om neutron captures. Nmerous gamma and 
gamma/neutron measurements were collected for each set of dead time @T) and 
coincidence parameters NT and Ns. Both '37Cs and 2s2Cf sources were used. 

Each of the 5 ribbons (3 X and 2 Y in the Phase I prototype) were tested for increased count 
rates and ''spibg ovei" of coullts into the neutron charmel when ribbons and ribbon 
intaxdon   bo des'^ were exposed to -50 pCi of u7Cs at distances as short as 8 mm. 
Gamma counts increased since the neutron glass is slightly gamma sensitive, but pulse height 
drscxumnatian and coincidence circuits rejected gammas h m  spillins over into the neutron 
channel. Somesettingsrejectedvirtuallyallgammas~theneutronchannel. Eachsetof 
dead time @T) and coincidence parameters (NT and NJ parameters was measured for 
relative neutron-gamma totals and ratios. Two data read out rates were also tested. S i  
m- were then performed for each of 3 X and 2Y hte&ced ribbons and all ribbon 
intersection 'hode~" using '37~s sources 

. * .  

lncs plus modeTated B2Cfsources. 

640,4, 1 2 1.43 n 0 Cod 0,yEgher 

640747 1 5 1.42 Read out too long 
640,3,0 2 2.73 h<cOnf: 5 

Table 1 is a listing of coincidence parameter sets and comments for data sets acquired 
using the moderated 252Cf source. me detection LMd integration times are combined so 
the LIT listed is actually the to&] signal processing time for an interaction The 
minimum DT for Phase I electronics was 640 ns; Phase II electronics could be on the 
order of 160 ns, but h t e r  measurements are limited by the Ce3' fluorescence relaxation 
time. N T ~  (NT) and Nsi& (Ns) refer to the number of total photons (NT) and the number 
of photons detected at PMTs at each ''side" of the fiber ribbon (Ns) within the set time 
domain that are requirexi to "count" an interaction as a neutron capture. The results of 
these tests, given in Table 1, were used to identifL discrimination settings of most interest 
for testing at IPNS. 

TABLE 1 
Dead time and Discrimination Settings Tested for the Fiiw Detector Prototype 

Electronic Dead Time @T) in 119, Read Out n/y Ratio on X 
Conf. N T ~  ty-r), Nsih rn Rate (ms) (Normalized) Comments 
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Results of n - y discrimination parameter settings shown in Table 1 make sense. Lower 
count rates were expected for Configuration 5 and 8 m a pulsed source because of the slow read 
out rate, rather than due to coincidence settings. Read out rates longer than 1 or 2 ms are not 
usem for testing at IPNS where the prompt pulse of 250 ps is followed by 30 ms of utilizable 
data. The 5 ms read out interval will "cut ofp' data and cause "smearing" of the prompt data into 
another 5 ms read out interval unless the clocks for the detector system and pulsed source are 
synchronized. Regardless, data would not be collected during the 5 ms interval that contaius 
prompt data (-17% of the measurement time), so count data and effective live time decrease. 
This illustrates the necessity to read out data f ir  pulsed sources in short w, 250 ps being 
the shortest time interval required at IPNS, assuming the detector and prompt signal timing are 
synchronized, a lot of data if long counts are involved. A compromise of 1 ms for data read outs 
will likely dlice, but advice on this poiut wiu be sought tiom SNS and IPNS research scientists. 

The electronic Configurations 0,7, and 9 show the best responses fbr discrimination, with 
0 and 7 likely to be the best settings for testing in a pulsed source environme~. This is also 
makes sense since the NH, Ns=O settings and Ne3 and Ns=O (Cod. 5 and 9, respectively) have 
higher neutron count rates and lower gamma count rates as expected for these less striagent 
coincidence requirements - some gammas are b e i  counted as neutrons. The difference in "spill 
over" for the least stringent (Cod. 5 and 9) versus the most stringent coincidence settings (Cod. 
0 and 7) is about 12%. Overall, Con€ 7 has the best n - y discrimination statistics based on the 
data obtained while using the 2 5 2 c f ~ ~ ~ .  ~oincicience settings for configurations 7 auci-9 were 
focused upon for testing at IPNS to discern maximum and more conservative count rates. The 
longer 1600 ns DT version of C o d  7 is Cod. 0, which has about identical neutron count rates 
and slightly lower gamma counts. All these configurations demonstrate that a longer DT setting 
decreases the gamma count rate with less impact on the neutron rate; whereas lower NT and Ns, 
especially Ns=O, contribute to a few gammas being counted as neutrons. 

These sets of measurements also demonstrated the position sensitivity of the riibons in 1D 
and 2D. M-s of the 252Cfon specific X and Y ribbons and ribbon nodes were recorded 
for various c o m i o n s  prbarily for the purpose of setting coincidence parameters as discussed. 
Another observation was that the X and Y nibas had significantly higher counts rates when the 
moderated source was placed directly over the nibon. This was, ofcourse, expected for individual 
nibons. When the soufce was placed on a node, both the X ami Y ribbons iuters- at the node 
had count rates that were almost as high as when the source was over a single riibon. When the 
moderated source was collimated as well as possible over a node, the signals on the other X and Y 
nibons not intersecting at the node decreased to near background levels for the measurements. 
None of these results for node measummnts were particularly surprising and were expected, 
however, it was reassuting to directly observe the 1D semitidy for individual arrivals for both X 
and Y riibons and corresponding arrivals in the same time increment on the orthogonal riibon. 

The laboratory testing was quite UseM in demonstrating the neutron fiber detector 
responded well at count rates produced by an active gamma-neutron source. Neutron - gamma 
discrimination €or the prototype FD is very effective in high gamma Buences, at least for the 
number of fibers now c o q r i s i i  individual ribbons. Counting results using a variety of 
electronic configurations were completed and the most hvorable configurations defied for 
testing at the Pulsed Neutron Source. 
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Results a nd Discussion of Testing at ENS 

The next phase of testing was at the Intme Pulsed Neutron Source at Argonne Natiod 
Laboratory. The PI contacted Dr. R Kent Crawford who suggested that NucSafe work with Dr. 
Ron Cooper at IPNS. The entire PNS W a n d  especially Dr. Cooper have been very h e l m  in 
the experimental portion of this study and have dedicated a significant amount of time to assure 
that the detector could be tested at IPNS in a timely manner. Beam line testing of the prototype 
had initially been discussed with Dr. Mohana Y&j of TINS and was planned to be conducted at 
HFl[R. Dr. Y 6 j  kindly offwed to assist in the development of experiments fir  testing the FD at 
HEWX in Oak Ridge. However, the beryllium reflector change at HEWX has taken longer than 
expected. Testing at HFIR as well as at IPNS has been included in the Phase II research plan. 

The PI tested the prototype FD in the HPID/QUIP gate during March 2001. Ron Cooper 
assisted the PI set up for measurements in beam line areas and provided many usefd suggestions, 
A rod of polyethylene in the QUIP beam line was used to scatter neutrons €or testing the FD. The 
sample well dimensions were obtained prior to fidizhg the detector design, so the FD fit into the 
QUIP sample well enclosure without any problems. The front of the detector was placed 46 cm 
(18 inches) from and perpendicular to the midline of the QUlP gate. The system electronics were 
placed above the sample well on the s i d e d  shielding. The top shielding that covers the sample 
well was not m place for any measurements - the detector had to be accessed on numerous 
occasions for masking the brit of the detector. Figure 9 shows the FD in place for fidl detector 
measurements in the IPNS QUIP gate. 

Figure 9. Fiber Detector in the QUIP sample well at IPNS. Exact 
locationS of X and Y fiber ribbons are marked on the 
detector enclosure. The system electronics black box is 
above the well sidewall shielding (photo by Ron Cooper). 
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System electronics used fbr the Phase I tests enabled coincidence measurements on all 3 X 
riibons and both Y riibons, but not on all X-Y riibons in “2D coincidence.” The number of 
operational Y ribbons decreased &om 3 to 2 for these tests in order to begin enabling the X - Y 
coincidence logic circuits and reprogramming the logic chips to compare 12 isputs for each time 
interval. This is one type of X-Y coincidence that will be tested fbr determining 2D interactions 
for individual neutron captures within 640 ns or less (160 ns is the goal in Phase II). The signal 
timing circuit was being completed so the detector could ”time-out” for 250 ps during the pulse at 
IPNS. Pulse data was efkctively filtered h m  the IPNS -s. 

At le& 30 measuremenfs were taken in each configuraton of interest, each me8surement 
consisting of a total of 3600 individual data records for each of the X and Y fiber riibons. Data 
were recorded m either 2 ms or 5 ms intervals as per the conhguraton being tested. The same 
numbers of background measuretl.rents were recorded with the beam line gate closed for each 
electronic configuration and represent the instrUme ntal background m the sample well for each 
configuration. A standard deviation of the mean has been calculated for individual riibons in each 
set of m e m n t s .  In excess of 50,000 mdividud 2 ms measurements were recorded for both 
the X and Y fiber ribbons m each configuration. The total of the 30 measufefneIlfs represents 
about 100 seconds of live time for that configuration. Imtrumental background measurements 
have been subtracted and uncertainties due to standard deviations of the means and have been 
propagated along with the uncertainties from background counts. Imtnmmtal backgrounds have 
been subtracted fiom the gross counts of the ”Gate Open Full Detector“ and umertam ties have 
been propagated accordjngly where indicated in data tables. Data presented in Tables in this 
section are predominately compilations of data reports dram fiom the MS Accessw databases 
used to handle and sort the data. Copies of raw data for all the IPNS measurements (hundreds of 
files co- nearly one million data records), parsed data in MS ExceP Worksheets (hundreds 
of sheets), and the Access database (-96 Mb) have been archived and can be provided to reviewers 
on CD ifrequested. 

The tkst sets of measmmmts were ofthe “Full Detector,” ie., measurements for all  glass 
riWns without any “mask@.” These measurements were of great mterest since the inadvertently 
sparse fibers in glass riibons signihutly decreased the sensitivity of the prototype detector. The 
fibers capturd scattered neutrons much more effectively than expected considering each riibon is 
made up of only 38 to 43 fibers vice the -260 as planned and designed for. These 111 detector 
measurements were performed for all tested electronic w-tions and test data are presented m 
Table 2. Table 2 (shown on the fbllowing page) is a compilation of neutron and gamma count 
rates given in counB per second (cps) for all coincidence settings and data read out rates tested at 
IPNS. The first point of interest is the relatively high count rates in both the X and Y sets of glass 
ribbons considerhg the number of fibers. This is very encouraging, as the detector baseplate can 
easily be scaled up with additional fibers in the early Phase 11 R&D. Other notable points are the 
consistently lower count rates for the X2 ribbon and also, to a lesser degree, the Y1 nibon 
compared to that of the Y3 riibons. This is likely due to differing numbers of ikrs  in ri%bons - 
the least mX2 and somewbat less in Y3; with this few fibers, adeficient ofjust 4 to 5 could make 
-10 - 15% difference in thermal neutron captures. The count rates for the X and Y riibons must be 
considered separately, as the Y ribbons are only halfthe length as X riibons and should have about 
halfthe count rates (halfthe 6Li atoms) for detector measurements, ignoring parallax issues. 
However, Y riibons neutron count rates are just 12 - 18% less than for X riibons. 
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XI and Y1 Ribbons X2 Ribbon X3 and Y3 Ribbons 
GI N1 62 N2 6 N3 

30.7 47.2 32.4 40.5 31.8 47.7 
0.6 0.7 0.6 0.6 0.6 0.7 

TABLE 2 
Neutron and Gamma MeaSurements of Scattered Neutrons from the QUIP Beam 
made with the Phase I Prototype Fiber Detector for "Gate Open Full Detector" 

Gamma (G) and Neutron (N) Count Data are Given in Countsper Second (cps) 
Data are Background Corrected Except were Noted 

Y 
+/- 

23.3 36.3 DT=640ns, 2ms 27.8 42.6 
0.5 0.7 N T ~  = 4, Nsi& = 1 0.5 0.7 

0 
X 
+/- 
Y 

+/- 

G1 N1 6 2  N2 G3 N3 
25.9 49.9 28.2 41.9 27.2 49.3 
0.5 * 0.7 0.5 0.7 0.5 0.7 

19.1 38.8 DT=1600ns, 2ms 21.3 43.7 
0.4 0.6 N ~ b i  = 4, Nsi& = 1 0.5 0.7 

9 
X 
+/- 
Y 

+/- 

G1 N1 62 N2 63 N3- 
18.2 50.7 16.9 47.2 19.5 51.0 
0.5 0.7 0.4 0.7 0.5 0.7 

14.6 38.9 DT=640ns, 2ms 19.1 42.4 
0.4 0.6 N~otal= 3, Nsi& = 0 0.5 0.7 

5 G1 
X 20.1 
+/- 0.5 

N1 62 N2 63 N3 
55.0 21.6 48.2 19.4 53.6 
0.7 0.5 0.7 0.5 0.7 

I 

Y 
+/- 

14.4 40.8 DT=ldOOns, 2ms 17.1 45.3 
0.4 0.6 N T ~  = 4, Nsi& = 0 0.4 0.7 

8 NotCorr 

X' 
+/- 
P 

+/- 

G1 N1 62 N2 63 N3 
22.3 34.2 22.7 29.0 23.2 33.4 
0.5 0.6 0.5 0.5 0.5 0.6 

15.9 23.7 DT=64Ons, 5ms 18.0 27.7 
0.4 0.5 N~d.1 = 4 Nsia.- = 1 0.4 0.6 

1 NotCorr 

X 
+/- 
Y 

+/- 

G1 Nl 62 N2 6 3  N3 
18.5 33.3 20.8 28.1 18.3 33.2 
0.5 0.6 0.5 0.6 0.5 0.6 

13.0 25 .O DT=1600ns, 5ms 14.4 28.2 
0.4 0.5 N T ~  = 4, Nsi& = 1 0.4 0.6 
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X1 and Y1 Ribbons X2 Ribbon X3 and Y3 Ribbons 
G1 N1 62 N2 63 N3 
7.8 . 6.5 7.1 6.3 8.6 8.1 
0.3 0.3 0.3 0.2 0.3 0.3 
6.5 7.0 6.7 7.0 
0.2 0.3 0.3 0.3 

The higher than expected count rates in Y riibons is believed to be due to more photons in 
the shorter fibers reaching the PMT, The intensity of light reaching fiber ends as a function of fiber 
length is well d&ed for this glass so this hypothesis can be tested. This points out the adwnbge of 
using X and Y fibers of equal lengths to produce square planar or concave detector elements. X and 
Y fiber ribbons with dEerent lengths may require dBbrent coincidence settings as well, another 
reason for square detector array elements. Another point of interest in IPNS data is that the 
coincidence settings noted as most &vorable in lab tests with sealed sources seems to hold up for 
scattered neutrons. Co-ons 7 and 0 seem to be the most cc)- forneutron-gamma 
&Crimination followed by Conf&ration 9 with slightly higher counts discxidated as neutron and 
lower gamma ray counts. Configurations 1 and 8 are not u d  for the mons suspected during 
laboratory evaluatioa; data is lost in the long read out times tied to the prompt pulse. A last general 
point is evident 8s well. The gamma count rates arebelieved to be somewhat elevated becausethe 
prompt pulse is fkirly well, but not completed filtered h m t h e  data. This will be evazuated in Phase 
Ilrwhenthegatingsignatcircuitis~integratedwithtirningcitcuitsonthe~st~boards. 

9 
X 
+/- 
Y 

+/- 

The other tests conducted at the QUIP gate involved masking off the detector face and 
making measurements of spec& detector riibons and nodes to demonstrate position sensitivity. It 
was uncertain if count rates would be sufficient for these tests given the few fiberspr ribbon, until 
the tint fbll detector measurements had been made and data reduced. Measurements of an isolated 
Y axis strip aad ribbon intersection nodes were then undertaken. The results of measurements 
made with the detector fkce M y  masked with 5 cm thick borated parafEin (BP) bricks are shown 
in Table 3. 

TABLE 3 
Neutron and Gamma Measurements of Scattered Neutron from the QmP Beam made 

with the Masked Phase I Prototype Fiber Detector for "Gate Open Full BP Mask" 
Gamma (G) and Neutron (N) Count Data are Given in Countsper Second (cps) 

G1 N1 62 N2 G3 N3 
6.8 9.3 6.1 8.5 7.2 9.3 
0.3 0.3 0.2 0.3 0.3 0.3 
4.1 8.5 5.5 7.7 
0.2 0.3 0.2 0.3 
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62 N2 63 N3 
0.2 2.2 -0.1 1.2 
0.4 0.5 0.4 0.5 

Measurements with just the Y1 fiber ribbon exposed (see note below) in two electronic 
configurations and the results of subtracting measurements of the Illy masked detector are given 
in Table 4. It is granted that uncertainty is introduced by taking measurements in which X or Y 
ribbons or nodes are ''exposed" while the remainder of the detector remains masked and then 
subtracting the measurements taken with a Ill detector mask to arrive at a result representative of 

Y 
+/- 

TABLE 4 
Neutron and Gamma Measurements of Scattered Neutrons from the QUIP Beam 

Made with the Partially Masked Phase I Prototype Fiber Detector for 
"Gate Open Y 1 Exposed" 

Gamma (G) and Neutron (N) Count Data are Given in Countsper Second (cps) 

8.4 22.8 1 .o -0.2 
0.4 0.6 0.3 0.4 

7 1058HRS 
X 

G1 N1 62 N2 63 N3 
1.1 2.8 1 .o 3 .O 1.5 2.7 

+/- 
P 

+/- 

0.4 0.4 0.4 0.4 0.4 0.5 
8.3 23.2 0.6 0.6 
0.4 0.6 0.4 0.4 

9 GI N1 
X 5.2 11.2 
+/- 0.2 0.3 
Y 11.8 31.4 

+/- 0.3 0.5 

62 N2 63 N3 
4.5 10.4 5.9 11.3 
0.2 0.3 0.2 0.3 

5.6 7.0 
0.2 0.3 

9 GI N1 
X -1.6 1.9 
+/- 0.3 0.4 
Y 7.6 22.8 

+/- 0.4 0.6 

G2 N2 63 N3 
-1.6 1.9 -1.3 1.9 
0.3 0.4 0.4 0.4 

0.1 -0.7 
0.3 0.4 
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the fiber riibon or node. However, for this proof of principal testing, beam time was limited and a 
computational “stripping” of the mask data c&n provide useW insights into the position sensitive 
response. Two sets of measurements were wormed while the Y1 riibon was exposed to the 
scattered beam and the remainder of the detector &ce was masked with the borated paratlb bricks. 
The Y1 ribbon and an additional 1 cm on each side of the riibon position as indicated on the 
detector enclosure was left exposed. At least, the intent was to leave the Y 1 riibon exposed. As 
can be seen ftom photographs of the detector base and light tight enclosure, some parallax 
problems arise since the detector is about 7 cm thick. The distance fkom the fkont enclosure to the 
fiber riibbon channels in the base plate is about 1.7 em. Tbe shielding dm presents some problems 
with masking Y oriented nibons that are off the center axis of the beam gate., The borated pa-afh 
bricks are 5 cm thick, so the Y1 riibon may not have been M y  exposed. This added another 
lesson learned Grom Phase I research; make the detector elements thin to avoid parallax problems. 

Figure 10 is a graphical representation of data mllected in C o d  7. with the Y1 ribbon 
exposed after stripping off the fidl mask data. These types of bar charts are usdid for quickly 
interpreting the position sensitivity measurements, but can be misleading without understanding 
what is actually plotted on ttte nodes. The entire Y1 nibon had about 23 neutron counts per 
second (cps). X riibons, all of which were masked except directly adjacent to the Y1 nibon, had 
only -2 cps after the stripping of the fkll mask data (Table 4). The combination of they1 count 
rate and the data for each ofthe X riibons sum to the count rates plotted on the 3 X-Y 1 htemxt~ ‘on 
nodes. A similar sum mat^ *on yields the 3 X-Y3 riibon node values. Although not ideal, the 
diagram gets the point across in a simplistic way for comprehending the s i g d i d y  higher count 
rates for exposed riibons. Siar diagram can be produd for the remaining two sets of 
measurements and then subtracting data for the masked detector using the same settings. 

Y1 

X I  
x2 
x 3  

I Y3 

Figure 10. Graphical represerrtation of neutron count rates into ribbons for 
the Y1 Exposed Riibon measurements minus the 111 barated 
pamEn mask for Configuration 7 (071 1 Hrs data - see Table 4). 
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Figure 10, depicting the "remainder" resulting fiom stripping off the 111 borated paraffin 
mask fiom the Y1 Exposed measurements, show the count rates for this ribbon are clearly 
elevated, €wing count rates in excess of twice that of all other ribbons combiied. Data fiom two 
configurations are given in Table 4 as well as two independent sets of measurements of the fully 
borated parafh mask in C o d  7. The counts rates for the Y1 riibon exposed in both electronic 
con6gurations are quite elevated, but not as high as for the rates of the same fiber ribbon for the 
MI detector face measurements summarized in TabIe 2. The Y 1 "Stripped mask" values rue about 
23 cps for neutrons in both Cod. 9 and 7 (both masks), but are about 39 and 36 cps for the Y1 
ribbon for Cod. 9 and 7, respectively, in fdl detector measurements. This is believed to be due to 
unintentional partial masking of Y 1 as discussed above. 

Data was also collected for specific glass ribbon intersection nodes on the detector while 
the remainder of the detector fkce remained masked with borated parafk bricks. The same 
rationale was applied to computationally strip away the fdly masked detector measurements. Two 
nodes were observed; one was measured with two electronic configurations. The X1-Y1 node 
(Le., the intersection of the X1 and Y1 fiber nibom, see Figures 2 and 4) and the X%Y3 node 
were measured while exposed and the remainder ofthe detector was masked. Count rate data for 
these measurements are given in Table 5.. 

TABLE 5 
Neutron and Gamma Measurements of Scattered Neutrons from the QUIP B& . 
Made with the Phase I Prototype Fiber Detector for X2-Y3 and X1-Y1 Node Data 

Gamma (G) and Neutron (N) Count Data are Given in Countspr Second (cps) 

I 

, 
~ 

I 

1 
j 
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TABLE 5 (Cont’d.) 
Neutron and Gamma Measurements of Scattered Neutron from the QUIP Beam made 

The nodal data are interesting as well. Keeping in mind the uncertainties introduced by 
stripping off the masked detector data, a few observations can still be made. The count data in 
Table 5 for individual nodes are statistidy significant, even with one-sixth of the fibers than 
planned. Count rate data from the X2-Y3 node and the XI-Y1 node clearly show position 
sensitivity on the exposed nodes, as expected for the M y  populated dbbon channel, but 
considered to be unlikely for the prototype detectors with one-sixth the fiber. However, the 
count rates were better than expected, perhaps too good, considering the lengths of fiber ribbons 
exposed and the difticuties in masking the fidl detector except for a area about 16 an2 around 
the node centroid. Getting the gap in the mask to roughly equal lengths along X and Y axes was 
&cult due to the size and thickness of the borated paraf€in bricks. 

Figures similar to that plotted for the Exposed Y 1 nibom can also be produced for these 
nodal data, but 811 additional constraint i s  added since the detector fiices are masked everywhere 
except 1 node of the 6 on the 3X x 2Y fiber ribbon prototype. Whereas, the nodal data for the 
Exposed Y1 ribbon can be summed similar to matrix addition, degrees of freedom have been 



. 
‘i 

Posftion Sensi#ve Neutron &&&or 
Nuclear safegumds and Security Systems 

Phase I Final Report 
Page 21 of 24 

decreased for individual X-Y nodes. For example, a 3D bar chart of the neutron counting rates for 
the X2-Y3 node for Cod. 7, subsequent to stripping off the fbll mask data for the 1058 Hrs set of 
measurements for the mask, yields the plot shown in Figure 11. It must be recalled when 
interpreting this Figure that nodal data that have been summed for graphical presentation were 
constrained to single dimensional components for 3 of the 6 nodes. In this instance of the X2-Y3 
node being exposed, the nodal data plotted on the X2-Y1, Xl-Y3, and X3-Y3 nodes are single 
dimension components, othawke the entire X2 and Y2 riibons will appear to be credited with the 
count data that was constrained to just the X2-Y3 node by masking. These types of plots are a 
simplistic way of plotting these data, but can lead to misinterpretations ifthe plotting method is not 
considered. This graphical artifkt will not be an issue when data fiom individual neutron arrivals 
at hundreds of nodes are obtained with the higher resolution detectors planned for Phase II research 
and development. 

. .  
Y3 

Figure 11. Graphical representation of neutron counts into exposed X2- 
Y3 Node minus the fidl mask for Configuration 7 (1058 Hrs 
mask data). 

Neutron count rate data fiom the measuremeflts of the XI-Yl node collected with the 
coincidence electronic setting in Configuration 9 are shown on the following page in Figure 12. 
These data are remainders of counting with the detector fhce masked except 4.4 cm on the X axis 
and 4.2 cm on the Y axis around the XI-Y1 node and then subtracting the count rates for the fidl 
detector when completely masked with borated parafh bricks collected using identical 
Coincidence settings (Configuration 9). The data have been "smoothed" as before; Le., for the 
X1-Yl node case, the Xl-Y3, X2-Y1, and X3-Yl data nodes contain count data only h m  one 
dimensional component. 
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14.0 

u1 

6.0 

4.0 

2.0 
7 

Y3 

Figure 12. Graphical representation of neutron counts into exposed XI- 
Y1 Node minus the fbll mask for Configuration 9. 

- 

The comment made in an earlier paragraph with regard to the count rate data being 'Yo0 
good" for nodal data should be elaborated upon. 

Neutron count rate data shown for the X2-Y3 nodal data &er subtracting the Fully Masbed 
Detector data using the same setting and 1058 Hrs mask measurements were 10.6 f 0.5 (la) 
neutron countsper second (cps) at XZ and 4.5 It 0.4 (lo) neutron cps on Y3 (Table 5), summing to 
15.1 neutron cps on the X2-Y3 node (see Figure 11). As mentioned, about 4 cm of both the X and 
Y ribbons were exposed about the node (-2 om on either side of the intersection point) when the 
detector &ce was masked for nodal measurements using borated paraf€in bricks. The neutron 
count rate for the entire X2 nibon in this configuration (see Table 2) was 40.5 f 0.6 (la) (recall 
that the X2 n i n  has the lowest neutron count rate for a Tull Detector'' measurement due to 
fewer fibers in the nibon). Thedore, it was expected that the X2 nodal count rate for 4.4 cm of 
exposed X2 nibon about the X2 node, would be about one-tenth the total ribbon count rate since 
an X nibon has an "active length" of 43.0 em. What was indkedy observed was -26% of the 
neutron count rate for the entire X2 fiber nibon was detected when -10% of the ribbon was 
exposed. 

Conversely, the neutron count rate data for the entire Y3 nibon in Cod. 7 was 42.6 f 0.7 
(lo) cps (Table 2) and the count rate for the 4 cm of the fiber nibon around the Y3 node was 4.5 f 
0.4 (Table 5) or -11% of the rate for the entire ribbon when about 19?? of the length was 
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exposed (Y ribbons have 21.5 cm of “active length”). The discrepancy m the lower count rate 
than expected for the Y3 node is not gross, considering that the mask data has been subtracted so 
unmtainties are introduced, plus parallax issues are involved as discussed earlier. So a lower 
than expected count rate is not too Wcult to explain, but double the expected count rate on the 
X 2  node is not. In short, the X 2  node data are difficult to understand and neutron count rates on 
the riibons that comprise the X2-Y3 node seem to be the opposite of what was expected 
intuitively. 

It had been noted that the Full Mask data fbr Cod. 7 1058 Hrs measurements were not as 
complete and consistent as other mask data, so additional nodal data have been examined m 
more detail. The X2-Y3 nodal data collected in Cod. 7 and then stripping the Full Mask data for 
C o d  7 0711 Hrs are somewbat lower for the X2 and Y3 nodal data, but remain signisCantly 
higher on X2 than expected &om the length of the X2 riibon exposed during the measurements. 

XI-Yl Node 

The X1-Yl nodal data (in Cod. 9), the “Fully Masked” and “Full Detector” data for 
Cod. 9 can be examined m a similar manner. The ‘‘Full Detector” neutron count rates (aU m 
cps) for C o d  9 on the X1 riibon was 50.7 f 0.7 (la) and 38.9 2 0.6 on the Y1 nibon (Table 2) 
whereas the X1 nodal data, subsequent to s u u  the “Full Mask” for Cod. 9 was 7.5 f 0.5 
(la) and the Y1 nodal data was 5.3 f 0.6 (Table 5). As in previous nodal measurements, about 4 
cm of each riibon was exposed around the node, about 2 cm to either side of the X1 and Y1 
riibons at the X1-Y1 node. The count rate for the X1 nodal data was -14.8 f 1 .O% of the fdl XI 
ribboncountratewhen 10.2%ofthefullribbonwasexposed. They1 nodalcountratewas 13.6f 
1.3% of the fbll Y1 riibon count rate when 19.5% of the riibon was exposed. As discussed 
previously, a slightly lower than expected count rate for the exposed Y1 riibon around the node is 
not too troublesome and may be attriiutabfe to parallax issues and masking. The somewhat higher 
than expected count rate on the X1 riibon about the node is not as appreciable as for the X2-Y3 
node; however, the higher count rate still requires an explanation More extensive testing of the 
Fik Detector at IPNS m Phase 11 R&D should shed light on the higher than expected neutron 
count rates on the X iibers when nodal data are collected. 

SUMMARY AND CONCLUSIONS 

The Phase I prototype Fi’ber Detector worked quite well and better than expected given the 
number of neutron glass fibers per nibon. The Phase I research delivered f$r more than 
anticipated. In &A, many goals that were expected to be undertaken in the Phase II YR-1 
research have been accomplished. In addition to the research that guaranteed to be accomplished 
m Phase I, and was, the following additional research was completed or initiated: 

0 A prototype Fiber Detector was designed, i$bricated, and tested in the 
laboratory and at the Intense Pulsed Neutron Source. The Fik Detector (FD) 
has been demonstrated to successfully measure neutron arrivals &om an 
accelerator-based pulsed neutron source; this was not anticipated to be 
undertaken until about one year into Phase 11 research. 
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The FD is not only Position Sensitive in 1D for individual neutron arrivals, 
but also m 2D for populations of neutron captures. 

The detector produced in Phase I can be utilized fE>r prelimimy testing of 2D 
d i  for mdividual neutron captures early in Phase II. The “left-hand” 
side of the detector, 3 neutron glass X and 2 neutron glass Y fiber riibons, 
were tested during Phase I. 

System electronics are iir ahead of schedule; “double coincidence” electronics 
have been designed and f$brication of the boards has begun for operating 12 
signal inputs in all X-X, Y-Y, and X-Y detector element permutations. 

Valuable lessons have been learned for design issues and testing in pulsed 
neutron environments. 

The capability of the FD to m u r e  scattered neutrons in both 1D and 2D during the 
initial tests at IPNS is very e n c o e .  One dimensional position sensitivity of this prototype 
is a given by use of thin detector elements, in this case the glass fibers. The ‘X’ and “Y” 
orthogonal orientatin of the fiber nibons provides 1D resowons in each direction with the 
resolution determined by the number of fibers, Le. width, of each nibon For this prototype, a 
spatial resolution dimension of 0.5 cm (the fiber nibon widths) was chosen. However 
resolutions can be 8s fine 8s the width of an individual fiber, Le., about 100 pm of “active 
diameter.” This ability allowed a 2D PSD to be planned for at the outset of the Phase I research, 
even though 2D was not a deliverable at this stage. This design was planned to be expanded to 
test a minimum of two additional mechanisms that could allow for detections, with very fast 
thing, of individual captures and discern their 2D positions in real time. Two dimensional 
sensitivity for the FD may be acbieved by many means, but crossed fiber types of detectors were 
selected for testing in Phase 11 and so were anticipated and incorporated in Phase I designs. 

The t e c h i d  kasiMity of producing usefd and cost-effective detector systems using the 
neutron sensitive scintillathg glass fiber has been demonstrated. Neutron-gamma discrimination 
has been achieved. Detector system electronics are well engineered, reliable, and have been 
designed to expand as the system platform grows. Scaling up the present detector and 
integrating the three or more new detection systems with the system electronics during Phase II 
may not be as dii3icdt as antici ied, ifthese initial tests are indicators of future research results. 

Large area, position sensitiie detector arrays that utilize neutron glass fibers as the array 
detection medium are not only feasible, but will likely be most economical solution for providing 
the large mea and other specialized detector array systems that are requited for the SNS and 
other neutron science research centers. 

Phase II Research and Development are justified for the Scintillating Neutron Sensitive 
Scintillating Glass Fi’ber Detector that was developed and tested in Phase I. 


