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Abstract
2. ION SOURCE AND ACCELERATOR

For this project a LBNLradio-frequency-driveiion source
vas miniaturized to an overallameter of 2inches. The

A.rf-dnvgn plasma ion source has been miniaturized to ”7 n source and accelerator are described in detail in another
2 inch diameter necessary for most underground uses. %er intheseproceedinggL.T. Perkins et al.), but a

ion current produced is >80% monatg)mic, angrigected summarydirected tothe application will be giverhere.

to produce aneutron flux of 16 - 101. neutrons/sec, an The source consists of a cylindrical volume of plasma 2.5
enhancement of 1-2 orders of magnitude over the state—g h in diameter and 9 cm in length. The beamisacted
tr;e-artt). A 1d.5 x|1.5d>f< 1 tCETC?ZHITeg_T_‘rdeaC:Et?Ctorh'S through a 2 mmaperture inthe extractionelectrode.
also beingdevelopedior he 1ool. ISAetector nas \yiniaturization has required the reduction of source

relatively high efficiency, good energiesolution, and operating pressure iarder to avoid electricalbreakdown

room temperature operation. Results of 3-D Monte Carlg the accelerator column. The source presently runs well
calculationsare presentedrhich show theenhancements at 5 mTorr

![n hser|13|t|V|ty and range possible with the new A helical rf antenndl.5 cm in diameter is used to
echnology. generatethe plasma. Because ofthe difficulty of

miniaturization, the rf power supply will be locatabove

1. INTRODUCTION ground. Presently, cable losses limit source ugskepths
Compact sources of neutrormre usedfor neutron |ess than about 500 feet.

activation analysis,radiography, and for detection of

water, oil, and minerals in the subsurface. One comm 1000
example is the use of neutron logging tools, 2-4 inches
diameterand afew meters in length, in the oihdustry

and inearth science research. Thesels consist of a 800 (S
Penning ionsourceand ~100 kV acceleratorcolumn,
which accelerates a mixture of deuteriandtritium ions
onto a tritiated targetproducing 14 MeV neutrons.
Detectors inthe tool measure returning neutrons, and
gamma raygproduced byneutron capture and inelastic
scattering of neutrons from the elements of the mediur 300 1 -

The energy of the gamma raysproduce_d _ by these 200 | . -
processes is characteristic dhe nuclei impacted,

Advances inion sourcesand gamma ray detection at
LBNL are being applied to enhance neutron logging tool
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enabling, in theory, an elemental analysis of the mediur 100 ®
In practice, the gamma-ray spectrum is often crowded wi o
o) 20 40 60 80

spectral lines, so that what can be detected depends hea
on the energyesolution of thegamma-ray detector and
the cross section of the element being detected. Figure 1. Peakextractable current density ahree
In this paper we reporimprovements in the different source pressures, versus rf input power.
components (ion sourceaccelerator,and gamma-ray
detector) of such a neutron logging/gamma-ray Measureccurrent density isshown in Fig. 1 as a
spectroscopy system. The results of 3-D Monte Carlvinction of input rf power. The iorcurrent densities
modeling of theenhancedsystem for new eartscience measured arabout afactor of 500 higher than those in
applications will also b@resented. The MCNP code [1] commercial neutron logging tubes. Up to 35 mA/pulse
has beerused toquantify the advantages irinstrument has beerproduced, andhis current can bencreased by
range and sensitivity resulting from teahancecheutron simply opening the 2 mmextraction aperture, since
flux. Calculations have also beewsed tolook at the current is linearly proportional to aperture area.
possibility of 3-D localization of detected substances.  Minimum pulse width is about fis. The beam isargely
monatomic, with monatomic fraction increasimwgth
increasing rf power. At 40 kW, the beam is 80%

Pulsed RF Input Power [kW]
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monatomic,and 94% at 60 kW. (For details, sed..T. is advantageous irthe limited space of the borehole.
Perkins et al., in thesproceedings.) The monatomic MCNP calculations show thefficiency of CdZnTe to be

fraction is particularly importaribecausehese ionswill  about three times that of the same volume of Nal or Ge in
have nuclei withenergies doublg¢hat, for instance, of the energy range of interest [6].
diatomic nuclei,andtherefore arecloser to theoptimum The goal of the present work is tievelop CdznTe

energy for neutron production. Based onthe data coplanar-grid detectors afpproximately 2 crhvolume
presented, we project a yield of°40° D-T n/s, or 18-  and energyresolution<1% FWHM for theenergies of
1 D-D n/s, at pulsgates= 1 kHz. A test ofneutron interest € 1-10 MeV). Figure 2 shows thspectral
production in a commercial neutron tubeill be performance of .25 cni detector madéor this project.
performed within the next 6 months. Energy resolution at 1.33 MeV is 1.6% FWHM. The
A 100 kV acceleratingsystem hasheen designed, detectorwas slightly cooled(to approximately -1) to
using the IGUN code to obtain the shape, potential, andeduceits leakage current sdhat higher bias voltages
positions of theaccelerating electrodes. A suppressecould be used. At room temperature, nalse to leakage
electrode is included to minimize backstreaming electronsurrent would dominateand significantly degrade the
This also removes ambiguity in ioncurrent energy resolution. The high bias waeeded to mimize
measurements. Thacceleratordesign will minimize the effects of nonuniform charge collection in the crystal.
sputteringand produceuniform beamspreading on the Room temperature operatiorwith similar or better
target, leading to longer tube lifetime. Thecelerator is performance can be achieved dfrystals with better

presently in fabrication. uniformity are available.  Alternately, further
improvements in the fabrication process miaad to
3. GAMMA-RAY DETECTOR lower leakage current siinat roomtemperature operation

For well logging applications, gamnray detection is at high b.iases is possible withomcessiveleakage—
usually done with scintillation detectors (e.g., Nal), or, tgurrent noise. A prototype hermetidetector module
a lesser extent, withcryogenically-cooledgermanium. —containing thedetector and front—_endlectronlcs hateen
For this project, we have chosen develop adetector fabrlcate.d. _ Power consumption of thefront-end
based orthe compound semiconductor matei@dznTe, €lectronics is less than 150 mWw.

because of its high efficiency, good energy resolution, and

the promise of roontemperature operation. The problem R VGO o o e e B e
of poor charge transport in this material has recdwbn 80co
! spectrum

overcome by the development of the coplanar-grid 2500 | —
technique [2], which uses the subtraction of sigrfiam CdznTe detecto;
two interdigitated grids to make detectasponse largely 2000 |- 15x15x1em 117 Mev |
insensitive to the depth of gamma-ray interactions. Using
this technique, an energy resolution of ~2% FWHM for *2 1.33 Mev
662 keV gamma rays has been achieved for*iGuiznTe a3 1500~ ouiser |
detectors operating at room temperature [3][4]- a factor of © 20.8 keV
three higher than the resolution of Nal. Resolutietter 1000 FWHM —
than 1% FWHM (662 keV) is in principle possible [3]. 1F3\-AE;|'_<|§AV =

Though the high thermal neutrocapture cross 500 I | |
section of Cdwould normally be a problem inthis e
application, calculations haxvahown that a thidayer of N I UIL N
B8,C can prowde_adequateneutron shleldlng for the 0 200 400 600 800
detector. Anotherissue of someconcern is detector
radiation damage.Fast neutronsan damagethe crystal Channel number

lattice of the detector, degradingthe charge collection

propertiesand adversely affectingts energy resolution.  Figure 2. Spectrum ¢fCo obtainedusing acoplanar-
Currently, only very limited experimentdhtaexists on grid CdznTe detector operated at a temperature of

the effects of neutrondamage inCdZnTe detectordS].  approximately -18C and at a detector bias of 1600 V.
More studies araeeded inthis area todetermine whether

CdznTe detectors,and particularly those using the 4. MODELING

coplanar-grid technique, are suitable for this application. he 3-D point-energyime-dependent lnte Carlocode

CdznTe detectors are currently limited to volumes CNP with the ENDL60 [7] cross section library has
a'z e, bmalnly ?l,:ﬁ rt](.) hmz:terl_al nortl)uggozrnjllty. been employed to model use of tghanced-fluxneutron
thowe\r/]ert, ecaku?rg_o eng aqm||c r:urtn tﬁ ; nf €, logging tool with aCdZnTe detector. Previous results
eb P O.Oﬁe? c |C|(e3ncy ;\?dézquwaend ho a I?' 4 have shown the utility of this rethod for detection of
substantially larger Ge or tectorandthe smallsize ter andfor chlorinatedsolvents, whichare widespread
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pollutants [6]. Note that allgamma-ray spectra Analyses are underway toinvestigate theeffects of
calculations quoted hewrge simulations ofmeasurements collimator sizeand material, composition ofnedia and
for 14 MeV neutrons taken with thdetector gated off fracture, and detector energy response.
during the neutron pulsendthe 30 us following the ‘
pulse. This is a standard technique for eliminating countsg o—02.23MeV
due to inelastic scattering of fast neutrons. te07 | :%%Mg

We present here MCNP results showing the
advantages of increased source intensity for increased ran
of the instrument. To measure range we assuméteé
of minimum detectability to be2.335 abovebackground
[8], whereo is thestandarddeviation of thebackground
counts. In the modefractures were formedsing two
infinite parallel planes.Vertical fracturedntersecting the

8e-08 -

6e-08 -

Photon Tally / (14 MeV @leutro

center ofthe boreholewere generally used. Verjittle Ry *
difference was found betweenhorizontal and vertical

fracturesthrough the borehole. Calculatioistiowedthat 2e-08

for 1 g/cni TCA in a 1 cm-wide fracture, for 100&cond -
counting times, theangeincreasedrom 50 to 70 cm as D

0 ‘

sourceintensity increasedirom 10 to 1F neutrons/sec. %00 60 300 00 300 600 9.0
. . . Angle of Gap with respect to Fracture

For the same fracture filled with 0.3 g/&iaCl in water, g ® =

the increasewas from 40 to 60 cm, aincrease of 50%. Figure 3. Calculated angular response to a 1 fragture
In both casesthe 6.11 MeV chlorinecaptureline was in dry granite, filled with water containing 0.3 g/cc NaCl.
used. Thedetector efficiency isnot included in these Photon yields are normalized to the response deglees
calculations. For 1%letector efficiency, rangeecreases (collimator aligned with fracture).
for the TCA to 20 cm at In/s, and 40 cm at 1@/s.
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