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Abstract—We studied the application of statistical recon- operated at the Boulby mine (UK) between 2006 and 2011.
p y

struction algorithms, namely maximum likelihood and least The detector measures both the scintillation light (S1) and

squares methods, to the problem of event reconstruction in e jonisation charge generated in the liquid by interagtin

a dual phase liquid xenon detector. An iterative method was ticl d radiati The ionisati h drift

developed forin-situ reconstruction of the PMT light response  Particles and radiation. The ionisation charge driits g[dﬂa

functions from calibration data taken with an uncollimated tO the liquid surface by means of a strong electric field and

~-ray source. Using the techniques described, the performare is extracted into a thin layer of gaseous xenon where it

of the ZEPLIN-III darl_< matter detector was studied for generates UV photons by electroluminescence (S2). Both

122 keVy-rays. For the inner part of the detector (<100 mm), 6 seintillation and electroluminescence light are mezu

spatial resolutions of 13 mm and 1.6 mm FWHM were .
measured in the horizontal plane for primary and secondary by a PMT array and the ratio between S1 and S2 allows

scintillation, respectively. An energy resolution of 8.1%FWHM  to discriminate nuclear recoils (expected to be produced by
was achieved at that energy. The possibility of using this elastic scatter of WIMPs off xenon nuclei) from the electron
technique for improving performance and reducing cost of recoils fromp and~-ray backgrounds. The details on liquid

zi:lljrétlllatlon cameras for medical applications is currenty under xenon detector technology as well as on operation of dual

y phase detectors can be found in recent review papers [1, 2].
Index Terms—position reconstruction, scintillation camera, The self-shielding property of liquid xenon reduces the
&?ﬂg;”;ég‘f:mgﬁ?iiqu’%gxh;ﬁgn,le;j; ;ﬂgzreefj'etgi‘:grsmane“ rate of background in the interior of the liquid. Using
accurate position reconstruction to select only eventsiin a

inner "fiducial" volume therefore improves sensitivity teet

WIMP signal. While the depth of the interaction can be

fhferred very accurately (few tens gfm FWHM) from
interaction coordinates within a particle detector. In th y Y ( of )

I iore1 MeV. th includ dical radi e electron drift time in the liquid (the delay between
owenergy region< 1 Viev, these include medical radionuicg, 5 S2), the position in the horizontal plane has to

lide imaging, gamma-ray astronomy and direct dark MatEE roconstructed from the light distribution pattern asros

search experiments. In the latter instance, which motix/atﬁ]e PMT array. Another reason for analysis of the light
the present work, event localizatiper seis not relevant for distribution is the need to eliminate the multiple scatter

detection of dark matter particles, but position sensjtiis events that can mimic the WIMP interactions if one of the

|mzortant f(tar_ deﬁlctil]cc_entt_reduc]:ctl'[(:]n of thg_(;aiilatlon t:ackgndu scatters has occurred in a dead volume of liquid xenon from
and correct identification of the candidate events. where no charge can be extracted.

ZEPLIN-IIl is a dual phase (liquid/gas) xenon detector The active volume of ZEPLIN-III is a flat layer of liquid
built to identify and measure galactic dark matter in th;

i : . enon &40 cm in diameter and 3.6 cm thick) above a
form of Weakly Interacting Massive Particles (WIMPS). Itcompact hexagonal array of 31 2-inch vacuum ultraviolet-
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. INTRODUCTION
A NUMBER of applications require measurement of th
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Figure 1. Schematic diagram of the ZEPLIN-IIl WIMP targegion, .
showing the PMT array and anode and cathode defining thecaatiume. SRR Z2N
Liquid xenon is shown in blue. The dashed box illustrates fidacial
volume used for WIMP searches.

I

possibility of checking if the input data correspond to a

valid event. These methods require knowledge of the light
response functions (LRF) that characterise the response of | B
a given PMT as a function of position of an isotropic light

source inside the sensitive volume of the detector. Tylyicalrigure 2. The PMT array and the copper grid, viewed from tie The

the LRFs are either measured directly (e.g. by means 33f photomultiplier envelopes are represented by blueesircThe dashed
a moving collimated radioactive source) or calculated frof{cle has 150 mm radius.

the detector geometry, either analytically or by means of a

Monte Carlo simulation. . .
. hem in rametri frrﬁilz. ntly, an even
In the present work, a method of reconstructing LRF[ﬁe ! In a paramet sed fo .] Subsequ_e ty, an event
iltering tool was used to retain events with a fast S1

in situ from the calibration data obtained by irradiatin%. . . i
. . . Signal preceding a wider S2 one. All multiple scatter events
the detector byy-rays from an uncollimated radioactive taining more than one S2 are filtered out

source was developed. Based on the set of reconstruc?gﬁ
ped. 5TCo radioactive source was used for calibrating the

LRFs, the positions and light yields of scintillation event . .
in the detegtor can be reagily ?‘/ound using either maximuff) < o). Fesponse of the detector. This source emits 122 keV
and 136 keV~-rays which are rapidly absorbed in liquid

likelihood or weighted least squares methods. This prcxeeduenon (with attenuation lengtkt 4 mm for these energies)

v[éas[,gaﬁ%hﬁihi{o the WIMP-search data taken with ZEPLIN'Ifrfnostly by photoelectric capturEﬂlS]. Consequently, most

of the interactions can be considered point-like with full
energy deposit. The source was positioned at approximately
IIl. EXPERIMENTAL SETUP 190 mm above the liquid surface and as close as possible
The target region of the detector is shown in . 1. Thg the detector axis. The calibration was performed daily
electric field in the active xenon volume (3.9 kV/cm in théo monitor the detector stability. There were also several
liquid and 7.8 kV/cm in the gas) is defined by a cathodgedicated runs aimed at acquiring sufficient data to train
wire grid 36 mm below the liquid surface and an anodge positioning algorithms. Before the second science aun,
plate in the gas phase, 4 mm above the liquid. A secoggecially-designed rectangular copper grid was placédéns
wire grid is located 5 mm below the cathode grid just abow@ie chamber, above the sensitive volume (Elg. 2). The grid
the PMT array. This grid defines a reverse field region whictructure is 386 mm in diameter, and was manufactured by
suppresses the collection of ionisation charge for evessts jdiamond wire cutting from a 5.1 mm thick copper plate; the
above the array and helps to isolate the PMT input optiggid pitch is 30 mm and the straight sections are 5 mm
from the external high electric field. The PMTs are powereglide. The thickness of the grid was chosen such that it
by a common high voltage supply, with the outputs roughlyould attenuate the-ray flux from the calibration source
equalised by means of attenuators (Phillips Scientific 804y approximately a factor of 2, creating a shadow image that
The PMT signals are digitised at 2 ns sampling by 8-bit flagtan be used to verify and fine-tune position reconstruction.
ADC (ACQIRIS DC265). To expand the dynamic range of
the system, each PMT signal is recorded by two separate
ADC channels: one directly and one after amplification by
a factor of 10 by fast amplifiers (Phillips Scientific 770).eTh  The problem of event reconstruction consists in finding
acquired waveforms were analysed by a dedicated softwane energy (or, rather, the light signal intensi§) and the
that searched for pulses above a certain threshold andistguesition of an eventi, §) given a set of the corresponding

IIl. EVENT RECONSTRUCTION METHODS



PMT output signalsd;. For an event at positionproducing between these points. Another possibility is to use Monte
N photons the probability of thé-th PMT detectingn; Carlo simulation to calculate the forward mapping and then
photons is well approximated by the Poisson distributicio use numerical methods to invert it. The latter method was

[IE]: . v employed in the ZEPLIN-III event filtering routine. It was
Py(n;) = pite 1) also used to obtain the first approximation in the iterative
A ng! LRF reconstruction procedure.

where ; = Nn;(r) is the expectation for a number of
photons detected by theth PMT out of V initial ones with B, Maximum likelihood

7_71'(1“) being LRFs —_the fraction of the photons emitteo! by a The maximum likelihood (ML) technique|:|[4|:| EL__|17]
light source at positior that produce a detectable signal,qists in finding the set of parameters that maximises
in the i-th PMT. The corresponding output signdl; in 5 jikelihood of obtaining the experimentally measured
the general case is a random variable with an expectatighy-ome. Eor the case of photon counting when are

value proportional ton;. The probability distribution for i for each PMT, the likelihood function can be easily
A; depends on the single photoelectron response of t@zﬁculated from the Poisson distributidd (1):
corresponding PMT and can be quite compl@ [@, 16].

However, in a few special cases it can be approximated by L = Zln P(ng,p;) = Z(ni Inp; — ps) — Zln(ni!) .
simple functions. These special cases include: i i i 3)
« Photon counting. If2; is small (say, less than 10) and S o _ .
the PMT has a narrow single photoelectron distribution Taking into account thaf; = Nn;(r), one can writel[5]
thenn; can be calculated (almost) unambiguously from
A; by rounding the ratioA;/q.;, where g, is the InL(r,N) = Z(niln(Nm(r)) —Nni(r))+C, (4)
average single photoelectron response of the PMT. i
« Normal distribution. Ifn; is large (say, 25 or more) yhere ' does not depend on neitheror N. If the LRFs
and the single photoelectron distribution of the PMT iaii(r> are known, the best estimateand N can be found in
reasonably symmetric then, following from the centr straightforward way by maximising functidd (4). The best

limit theorem, 4, is approximately normally distributed estimate ofV at givenr, N (r) can be found analytically:
with the mean equal ta;qs;.
. S ong

A. Centroid and corrected centroid V) oimilr)
The centroid method of position estimation is the oldesgly substitutingN for N into @) one obtaingn L,,(r) =
method used by Anger in the first gamma camera in 19%77,(r, N(r)), which is a function of the position only.
[6]. It is still widely in use due to its simplicity and Then N' and # are found by maximisindn L, (r) either
robustness. The position estimate is found as the weightashlytically or by numerical methods. As a bonus, for the
average of PMT coordinates with weights determined by ti® caseln L,,(r) can be visualised as a colour map, which
light distribution across the PMT array: is very useful for either debugging or checking the validity

S XiAifi S YA fi of a given event.

) ] = ) 2
> Ak Y > Ak @ _
where(X;,Y;) are the coordinates of the axis of i-th PMT,C' Weighted least squares

A; is the measured charge afidis a flat-fielding coefficient  If A; can be considered normally distributed the more
which compensates for variations in gain and quantufigxible weighted least squares (WLS) method can be used
efficiency across the PMT array. As one can see frotfistead of ML [18]. In this case the parameter estimates are
equationsmz)’ no information on LRFs any probabi“ty found by mlnlmlsmg the Weighted sum of Squared residuals
distribution is necessary for application of this methoah. ox’:

the other hand, while the centroid method works reasonably = wi(Ae — Ai), (6)

well close to the centre of the detector (up to 100 mm from i

the centre in ZEPLIN-III), it becomes increasingly biasedihereA.; = piqs = Nn;i(r)qs; is the expected PMT output
for events in the periphery. Another disadvantage is thatdharge andy, is the weighting factor which is reciprocal to
gives no indication regarding the match of the actual lighte variance ofAd.; — A;. The best estimates and N are

distribution to the expected one. obtained by finding the global minimum of
If there exists one-to-one mapping between the true posi-

tion and the one reconstructed by the centroid method thenit ~ X°(r; N) = > wi(r, N) (Ni(r)gss — 4i)* . (7)
is possible to invert this mapping to obtain the unbiased-"co i

rected" estimate from the biased centroid one. In practicEhe N and r minimisations can be separated, as in the
this is often done by building a look-up table for a numbédikelihood case, reducing by one the dimensionality of the
of known positions on a rectangular grid and interpolatingroblem.

®)

T =



Under an assumption that; is measured exactly andrequiring a model with at least five parameters in the sintples
the variance ofA.; is only due to statistical fluctuationscase:
in the number of detected photoelectrons, the WLS method ap b
becomes equivalent to MLL_[19]. However, in a real detector?(p) = Aexp < T+po 1+ p_a) , p=r/ro, (8)
the measured4; differs from the true value because of ] ] )
electronic noise. The variance df, is also typically higher Wherer is the distance from the PMT axis antl 7o, a, b
then expected from Poisson statistics due to non-zero widtd @ are adjustable parameters. As a result, the parameter
of the single photoelectron distribution. Compared to tHe M2diustment becomes much more difficult due to increased
method, the WLS makes it much easier to account for thednensionality of the problem. To overcome this difficulty
and other factors. Most importantly, it makes it possible t§€¢ developed an iterative method of LRF reconstruction
reduce the weights for those PMTs with less well knowfescribed below.
light response.

A. Method description

D. Method choice Ir) this method the Qetector is irradiated by a non-

) ~ collimated monoenergetic gamma source and the PMT re-
~ The choice of the WLS method for S2 reconstructiogyonses are recorded event by event. Even if the gamma
is straightforward: due to its high light output, the SZoyrce is not collimated, it is still possible to obtain an
signal statistic is quasi-normal except for the PMTs fa{stimate for each event position using the centroid or the
from low energy events. These PMTs may be either ignorgdyected centroid method, at least for the central patef t
or clust_ered together so that the photoelectron stati®lic Rjetector. After a sufficiently large event sample is acqlire
cluster is quasi-normal too. making an additional assumption that the LRF depends

In the case of S1, the total collected charge (from thgnoothly onr and assuming that all the events produce the
whole PMT array) is equivalent, depending on the eveghme amount of light, one can obtain the first approximation

position, to 1-2 photoelectrons per keV; this means that ig, the LRanl)(r) by fitting the PMT response to the events
the region of interest for WIMP searches (<50 keV) the S}; gifferentr by a smooth function of.

distribution is too far from normal to use the WLS method Tyis first approximation can now be used to obtain better

with confidence. Consequently, the ML method was usedestimates for the positions of the events in the sample using
ML or WLS method. Compared to the centroid estimates,
IV. RECONSTRUCTION OF LIGHT RESPONSE FUNCTIONS these new estimates are less biased, especially in the case

The ML and WLS methods described above rely ba t of peripheral events. Fitting again the PMT response as a

knowledge ofthe LRFs#;(r). There are several methodsfqncuon of coordmate; ”S'.”92§he updated event positions
ves a second approxmanmﬁ (r).

for obtaining the LRFs described in the literature. Thé' The ab ¢ ted until .
most straightforward of these is the direct measuremeptH neia rovehs 3p§|_|:iire rer[])eba ?h ufn 'tstﬁ”leﬂforrwer%egcef”'
by scanning the detector with a moving well-collimated erion IS reached. This can be the 1act that the reconstucte

ray source 4@0]_ Unfortunately, a combination of sek/ergata36t has attained some quality that the physical cﬁb’bra. .
factors made this methoumpractical for the ZEPLIN-III events arke knowdn_ t:)_t?ot_ssegs,t;‘]or eﬁampleAm?r:\oenetr_getlcny
detector. Because of the cryostat, the source could (ot >0mMe Known distribution n they plane. Anotner option

be placed closer than 190 mm to the liquid surface, aﬂﬁjlto iterate until the change in the LRFs on the next step

therefore a long collimator was required to achieve gooa ISSotr{rilaO;vdgit?c:iﬁ?gnﬁfa:ic;lgtriiﬂcr?{a be necessary to force
position resolution. However, the available space aboee ttfh 9 Y y

detector was extremely limited and installation of a scagni ¢ € ':.e rat;)n tt% co_n\{{(;rge. Onfe is the _ch_o||(ce of a smoc:thmg
system would require reduction in the shield thickness th ction. ANOTNErS the use ot soraepriorn kKNOwN property
of the LRF; for example in the case of a PMT with a circular
was deemed unacceptable. S
. ephotocathode it is reasonable to assume that the LRF has
Alternatively, the LRFs can be calculated from the de-_. . .
axial symmetryn(r) = n(r), wherer is the distance from

:ﬁﬁ?(; '?oe??ertor?j/u?e/ {Ezagi (e):irr?er':/tlglnt(?ﬁa[gol Slmltjrllittljo He PMT axis. This type of regularization was used in LRF
P P : Yeconstruction for ZEPLIN-III, the applicability of it wibe

we attempted a similar method with ZEPLIN-IIl_[22], the ) .
difficulty in reproducing the exact shape of the LRFs bglscussed in sectidn ViC.
Monte Carlo and time constraints limited its use.

Yet another approach, explored ih [18], is to choodg- ZEPLIN-IIl example
a suitable parametric model for the LRF and adjust the In order to collect the data necessary for reconstruction of
parameters so as to minimize the mean sum of squateé S2 LRFs, the detector was irradiated witltays from
residuals in the WLS method for a population of calibratioa °"Co source. The top plot in Fidl 3(a) shows they
events. This method works well for low parameter coumtistribution of the estimated”Co event positions obtained
models proposed in that study. However, the LRF shape foith a corrected centroid algorithm. Clearly, the events on
S2 in the ZEPLIN-III detector proved to be more complexhe periphery tend to be misplaced closer to the centre of
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Figure 3. lterative reconstruction of the LRFs fr8fCo calibration data. The top row: the evolution of the disttion of estimated event positions from
S2 pulses. The bottom row: the response of PMT 11 (with cexitte 79.5,—45.9)) versus estimated distance from its centre (dots}tadorresponding
S2 LRFs derived from these distributions (curve). a) lhitiasition estimates obtained by centroid. b) First itematic) Final (5-th) iteration.

the PMT array. The situation deteriorates in the bottonthe centroid algorithm fails to separate them from the main
right corner where one of the PMTs was not functioningunopulation (they are actually reconstructed closer to the
However, for the central part of the array, approximately ugenter than some other peripheral events), the WLS method
to 100 mm from the centre, the centroid performance is goatlows to unambiguously identify them.

enough to be used for reconstructing the first approximation

for the LRFs. This is demonstrated in the bottom plot of . Discussion

F'g-':?(a)’ where the area of PMT response is plotted VerSUSrne important advantage of the method described above
the distance from its axis, calculated from the event pwrsiti . _ . o .
is, its ability to handle many more parameters than it was re-

esfumat_ed by centroid. The resultl_ng scaFter plot was ﬂtt.equired by the original five-parameter model (8). This means
using linear least squares technique with a cubic Spl"t}(’i

(the smooth curve on the plot) which was used as a firs at one can use (together with appropriate regularization
much more flexible non-parametric LRF representations

. . (1) .
approximation; - () for the LRF for a given PMT. Then such as look-up tablé [20] or cubic splifle [[23] previously

the .i.et of LF;S obtam_ef[j n trt1_|s way \_/vastﬁsesvtli) Sre'cilr?utlﬁ}ged only in conjunction with the direct scan method. The
positions ot Ih€y-ray Interactions using tne metode pic spline has an additional advantage of being a smooth

pTOd“Cing the position distribution shown on the top plot nction and, as we have found, with appropriate choice
E:%':B(b)’ and tf(\jetcyt(r:]le ¥vas| rehpeatedh. Afte_r Sé:eraélons, t%f knots it does not require any additional regularization.
s converged to the final shape shown in Eig. 3(c). For this reason, a cubic spline representation for axially

As one can see, the final distribution of the estimated evesymmetric LRFs;(r) was adopted for both S1 and S2 LRFs.
positions clearly shows the projected image of the copp&he knot placement was adjusted experimentally to cover the
grid with no significant distortions even in the region closeegion of most rapid change in the response function with a
to the non-functioning PMT. Note the ring of events in theenser grid.
periphery of the detector. The analysis indicates thatémey  Naturally, the assumption about axial symmetry of the
well reconstructed as the sum of squared residydls, is PMT response is only an approximation. Several factors,
compatible with that for the events from the main populatiomost notably non-uniformities of the PMT photocathode
Our interpretation is that these events occured near the edgd spatial dependence of the light collection efficiency
of the field cage where non-uniform electric field pushe@kspecially near the detector edge) can produce considerab
the extracted charge even further to the periphery. Whitkeviations from symmetry. Such deviations from the model



lead to systematic errors in estimated event position and gy [T T T T T T T T T T T T T
energy. Fortunately, for such poorly reconstructed evergs
minimized sum of squared residuals,;,, tends to be above 160

average. Plottingy?,,, againstz andy for a calibration HHHHﬂhJﬁ HM WL
dataset reveals the areas of the detector where the actuall40 =00 o1 T Hi

light response does not conform to the model (or rather
the model is not good enough). Examining such plots for
ZEPLIN-IIl we have found no increase ig;,;, value near g
the detector edge which means that the light coIIectio@ i
efficiency is indeed axially symmetric for both inner an® g |
outer PMTs. This is explained by poor reflectivity of the i
detector construction materials to xenon scintillatioghti 60
(A =175nm) and confirmed by Monte Carlo simulations.

On the other hand, LRF of several PMTs have shown 40
deviation from axial symmetry at smal, most probably

120 (- .

100 (- 3

due to photocathode non-uniformity. This was mitigated by 20

introducing uncertaintys;(r) for the corresponding LRF T N T D T N N N I
n;(r) that effectively reduced the weight functian in the 10 -8 6 4 2 0 2 4 6 8 10
sum [7) (in other words, the contribution of i-th PMT) in the y, mm

regions where its response was less symmetric. To improve
convergence of first iterations, such “bad” PMTs can Hegure 4. Projection (*shadow”) of the middle bar of the cepprid, used
temporary ignored by setting; = 0. to estimate the spatial resolution for S2 for the centrat pathe detector.

The method described above assumes that every accepted
calibration event produces the same amount of scintiftatiQ it a convolution of a step function with the Gaussian

light, independently of its position in the detector. Infac g ing resolution of 1.6 mm FWHM. The resolution worsens
the number of scintillation photons per event is affected Q% ards the edge of the fiducial volume due to combination
systematic and statistic fluctuations. In the case of a wells |oer light collection and edge effects, becoming ~3 mm
designed dual phase detector, the systematic fluctuatiens g /m at k=150 mm.
negligible for the following reasons: The spatial resolution for S1 can be estimated by com-
» the liquid scintillator stays uniform due to convectiorharing independently reconstructed coordinates for S1 and
flow and diffusion; S2, Fig.[b(a). The difference between the two, shown in
« the light yield for S2 depends on the field strength, theig.[5(b), is approximately normally distributed with FWHM
gas pressure (both uniform across the detector sensitpfe15.0 mm for the whole fiducial volume and 13.0 mm for
volume) and the gas gap width, very well controlled bgyents with k<100 mm. As the contribution of S2 resolu-

measuring duration of S2 pulses; o tion is obviously negligible, these values correspond ® th
« almost all small-angle scatters can be eliminated kyatial resolution for S1. Note that no energy selection was
applying a cut on the width of S2 pulses. performed in these measurements so the ~10% admixture of

As for systematic fluctuations, it was empirically found.36 keV presentif”Co spectrum might marginally improve
that those with up to ~20% rms do not prevent corregte results compared to what would be obtained using a pure

reconstruction of the LRFs. 122 keV source.
V. RESULTS B. Energy resolution
A. Spatial resolution As demonstrated ir_[24], there is strong anti-correlation

Spatial resolution for both S1 and S2 was measured witletween scintillation light and extracted charge for etatt
TCo calibration source. In the central part of the chambegcoils in liquid xenon under an applied electric field. The
right below the source, the-rays cross the copper gridreason for this is that part of the scintillation light comes
at normal incidence creating the sharpest contrast betwdeym recombination. For the less dense electron tracks, the
open and shadow areas. In the reconstructed event distriblectron extraction efficiency is higher while recombioati
tion, this transition is smeared due to finite spatial resofu (and scintillation output) is lower. Thus, fluctuation ofeth
and, to some extent, by scattering in the 7-mm anode plaiectron track density from event to event leads to vaniatio
located below the grid. In other words, the sharpness iof light and charge outputs, which in a dual phase detector
the edges of the projected image gives an upper limit ftgads in turn to anti-correlated variations of S1 and S2 even
the spatial resolution of the detector for S2 signals. lior events of the same energy. Consequently, the best energy
Fig.[4, the distribution of thg-positions of the reconstructedestimate for a dual phase detector is a linear combination
events is demonstrated for a narrow patch in the innef S1 and S2 light outputs. Fifll 6 shows the relationship
part of the detectori{<100 mm). The distribution is fitted between scaled light outputs for S1 and S2 for the events
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Y displacement of S1 w.r.t S2 position, mm Position sensitivity is crucially important for a modern
dark matter detector as it allows one to drastically reduce
oo T T Tt the background by considering only events inside an inner
1000 E- 4 fiducial volume away from any detector surfaces. A position-

2 800 2 4 sensitive detector also offers better energy resolutioit as

c r . . g .

3 600 - becomes possible to apply a pqs!tloq-dependentcorrektrﬂpn

o 200 £ 4 the energy. In the case of a scintillation detector, thenogti
200 2 . » 4 performance of the position estimation algorithm depemds o

ol vl e 10 how well the set of the PMT LRFs describes the detector

B

30 20 -10 0 10 20 30 0 response to scintillation events.

b) Y displacement of S1 w.r.t S2 position, mm In the present work, a novel method for iterative recon-
struction of the light response functions from the calitorat

Figure 5.  (a) The independently reconstruciedoordinates for S1 and datg acquired with uncollimategray source was developed

S2 demonstrate, as expected, very strong correlation, h@)StL spatial . ] "

resolution for the whole fiducial volume (top) and for the rege with and its suitability has been proven for the real detector.

R<100 mm whereR is the distance from the axis of the chamber. Using the reconstructed LRFs and applying the weighted
least squares and maximum likelihood methods to position
and energy reconstruction, the performance of the ZEPLIN-

produced by~-rays from the5’Co source. The scaling !l detector was studied for 122 key-rays. The measured

factors were chosen so that the mean of the distributionfigrformance for the inner part of the detect&<(100 mm)

at 125 units for both S1 and S2. One can see that therdsSgs follows:

indeed anti-correlation with S1 varying approximately by a « spatial resolution of 13 mm FWHM in the horizontal

factor of 3 more than S2. plane for scintillation signal (S1);

A more detailed analysis of the plot on Fig. 6 yields the « spatial resolution of 1.6 mm FWHM for electro-

coefficients of the linear combination with the best energy luminescence signal (S2);

resolution:E = $2%0.715+4 51%0.285. Using this formula, ~ « energy resolution of 8.1% FWHM for the combined

an energy resolution of 10.6% FWHM was obtained at (S1 and S2) signal.

122 keV for the whole fiducial volume — see Fig. 7(a)A more detailed description of the implementation of the

For the central spot withR<50 mm, where the effects position reconstruction algorithms and their impact on the

from Compton scattering of incomingrays in copper are WIMP search with ZEPLIN-IIl will be published as a
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The spectrum of’ Co ~-ray energy estimated from a linear
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