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~ waveforms is shown in fig. 3.

- i i The amplitudes of the
Slgnal Flndlng individual APD gang signals
are also determined with the
signal times fixed to those de-

Signal bundling

Introduction Matched filter P9 ~ WS 04 Positioning in 2 dimensions
1 * Y 5 e A 2-D event position is reconstructed by grouping together
y(t) = F {X(f)H (f)} Y ‘ . ; U- and V-wire bundles in the most likely configurations to
EXO-200 utilizes dual liquid xenon time projection cham- Where y(t) is the filtered signal, F is the discrete Fourier of paae ) ~X ; generate charge clusters, Th.e negative log of the product
bers to observe the double beta decay (BB) of '3°Xe. Each transform (FT), X (f) is the FT of the original waveform, @ 163 mm (fducial Xo) of three PDFs (shown below): I — — Z In P
TPC yields 37 scintillation channel waveforms and 38 each (1), andH*(f) is the CC of the FT of the transfer function, VELDED S o ¢
of ionization and charge induction channel waveforms; all h(t). All waveforms are filtered by applying the appropriate | <% _ 1=1,2.3
of which are 2ms in length and sampled at 1 MHz. Event template model (APDs are summed for each TPC first). N where the sum is over the three PDFs. .
reconstruction is a process by which raw waveform traces Peaks are sought above a . . - ~ A matching algorithm rigorously tests all combin-
are analyzed to determine the time, position, and uncal- threshold (fig. 2) derived (@) \ o SYSTEM ations of V- and U-bundles, including whether multiple
ibrated energy of individual localized energy deposits. from frame specific noise. 2 SHAPING RINGS » bundles of one type may actually correspond to a sm_gle
_ _ | The noise algorithm starts . 4 . . ) !aundle of the oth_elf type. The best matchlng_ conflgu_ra_tlon
The reconstruction of an event proceeds in three stages: from the mean absolute de. & Waveform characterization is the one that minimizes the sum of all likelihoods divided
1. Signal finding | o o viation (MAD) from the Q Four additional metrics are derived from the U-wire sig- by the number of connections (the smaller of the number
2. Parameterization Of_ signal characteristics (f'tt'“g) baseline and removes parts T e nals in order to discriminate between true charge collec- of U- or V-bundles). A charge cluster is then created for
3. Bundling of coincident, characterized signals (clus- of the waveform excegdin / tion signals and induced charge only signals. each of the connections within this configuration and each
tering) ) 3 77/2><MAD' then recalc? 1. Rise time of pulse and time from the pulse maxim- charge cluster is linked with its associated scintillation
ulating the MAD.The thresh- = (b um to the following pulse minimum. bundle.
g < old is defined as 5 (4) times £ | Calculated 2. Pulse integral: integral (unshaped) from 10 us before |
Sianal Models the resultant MAD for wire < threshold to 40 us after pulse maximym. The PDFs used to cluster U- and V-wire bundles together
g (APD) signals. 5 \ 3. Goodness of fit: ratio of y~for fits to signal with either depend on the Z-position of the U-bundle. The scintillation
2 i signal models (-20 to +30 us window). bundle with the smallest absolute time difference from the
. . . WNH/—’W 4. Nearest neighbor amplitude: total energy deposited U-wire bundle is chosen. If no scintillation bundle lies
Signal shape templates are used extensively in reconstruc- L within 50 us on neighboring U-wire channels. within the maximum drift time of the U-bundle, the Z-
Z'g;e'g al?ﬂ?:ltgrghSroscl:lgullaeldfilgl(‘jglllgcﬁggnzfsrameter extraction FIG. 2: U-wire waveform (a) and Lile Fig. 4 shows the distribution of these discriminants for position is indeterminant and the particular U-/V-bundle
o » . ) " result of the matched filter (b). simulated 228Th decays. Signals are only tagged as induc- will not be further clustered.
Wire rZ:eoTsoed?gnEefr:g gghwg?sﬁfpiieﬂggﬂs(eu f?ndl\)/. _ (b) t_ion if pas§ing all 4 requirements (right of vertical dashed o | S
p | weignt p g. 1g. 1), Waveform unshapmg lines) leading to 99.9% acceptance of true charge collec- The efficiency of signal finding is 100% above 700keV. If
APD response is a step function. | o | | _ _ tion signals with 77% induction signal rejection. clustering fails to associate any bundle a cluster is not fully
PO The matched filter is ill-suited to disentangle multiple sig- 0 R 3-D reconstructed. This efficiency amounts to 90.9+7.8%.
nals on a single trace when these signals arrive close in @ { It is also possible for clustering to fail on too many signals
10.9 time. An algorithm dedicated to identifying these signals is 107 : 10° The total number of skipped events is < 0.18% of the final
15 K additionally applied to the original waveforms. This algo- v 10° : Lo} 2vBB counts above 700keV.
1o 7 rlﬁhm unih.apes the signal to obtaining the deposited Emz : - \ J
- 10.6 chnarge Q’( )Q(t) - f_l{H_l(f)X(f)} » Fom . Amp//tUde correlation PDF
E" 10 10.5 —1 : : : : 0 I u . L'!‘ﬁﬁ;’:ﬁﬁ Ii-' . oflmic: . “wiwhy Pl(EU’ EV’ Z) -
N 0.4 Where H (f) is the inverse transfer function. q(t) is sub- 10720 a0 60 80 10020 0 20 40 60 80 100 120 A 71 > 160 mm
sequently reshaped with a 2 ps triangular, or moving av- 10f o ctomintime s} ge pormalized pulse Tntegral farb. units) - 97
5 0.3 erage, filter. The reshaped waveform is then analyzed with | | b — Alevenis | Nexn | — [ 2EED)-Ey 71 < 160 mm
0.2 a peak-search algorithm to determine the presence of any 1 -=- Notidentified | b V20 5(Ey) -
0.1 additional signals. | 0, L Some deposition | L 1
0 0.0 \ J 10° | where pp IS @ linear parameterization and
o 1 2 3 )(4(m n51) 6 /7 8 9 ) \ | ‘ 1. 121 ﬂ . o (Ey) = ap Ey < 350 ADCy
FIG. 1: The magnitude of the calculated weighting potential for . PR . N L e '" llu CEEU + dE V EU EU > 300 ADCU
a single U-wire readout channel. Slgnal Flttlng a3 2 -1 o 1 2 ' 0 500 1000 1500 2000 2500 All free parameters are determined from calibration data.
log, [ (Deposition fit x* )/(Induction fit x*)] Maximum neighbor energy (keV)
. i . FIG. 4: 4 discriminants r ir in ion signals on U- . .
The unshaped waveforms are then filtered using an ap- Amplitude and timing extraction wires (zzscrlufcsimuuaatif;f 7% induction i?;.::n rejaction with Time correlation PDF
propriate transfer function, determined by the front-end The amplitudes of all U- and V-wire, and both APD sum >99.9% charge collection acceptance.
electronics configuration: 3 differentiation (1 in preamp) signals are measured by fitting the waveforms to their re- ) ’
and 2 integration. The transfer function parameters are: spective signal models by minimizing:
[, N 2 r - - N
Stage type . — b — : A. T: 1
Channel Type Integration Differentiation X2 — Z ! ZZ_O ZfSM( & 2) Slgnal CIUSterlng
APDs 3 3 10 10 300 i—() Onoise Once the time and amplitude of sig_nals on U-, V-, and APD
_ _ , _ channels have been found (and gain corrected), these sig-
U-wires 15 15 10 40 ol =85 where T; is the data sample at time 1, b is the measured nals are grouped together to form 3-D clusters.
(nominal 60) baseline, ¢ is the index of the N signals on the waveform, 1. Signals on like channels are bundled.
V-wires 3 3 10 10 60 A;and t; are the amplitude and time of the i signal, and 2. U-wire signals identified as due to induction are ignored
fanis the signal model. A; and t; are the only floating when constructing bundles.
ps shaping times. Third differentiation stage of the U-wire sig- parameters. The size of the fit 3. Z-positions of bundles are then determined by associat-
nals measured for every channel by fitting to pulse-shapes of window, L, typlcal!y e?(tends A N . (@) ing them with APD bundles. 0 50 100 150
\m;ected calibrated charge. ) +40 (+140 for U_-ere signals) o 4. Wire bundles are grouped together to form fully 3-D re- |Z| (mm)
us around the signal. An ex- s constructed clusters. _ o
ample of fits to U- and V- £ Physical plausibility PDF
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)
<
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U-wire signals on adjacent channels arriving within 3.5 ys
are bundled together. The bundle time is the amplitude-
(b) weighted average of associated signals. V-wire signals are 100

It is necessary to search for signals on waveform traces

because they are not always guaranteed to arrive at a ;;Veeddsl;;?qnglsthe fit to the sum- E pundled according: ‘=
given time_ (e.g._specified by a trigger). Two methoc_ls are ' g tz-—to—(2.97/us/channel)AV—channels\ §4.5MS c 0
used to find signals on waveform traces: applying a o _ | | ~
matched filter, and waveform unshaping. The second < where 1, is the time of the largest amplitude V-channel >
method is used to identify pulses closely following one an- b signal, ¢; is the time of the signal of interest, and AV- —100
other within a signal found by the matched filter. 51505007300 channels is the absolute channel number difference of the
Time (us) two signals. —200
FIG. 3: Examples of fits to a APD signals are bundled if they arrive within 6 us
U-wire (a) and V-wire (b). (sum of integration times) of one another. The time of the - -
\ J scintillation bundle is the energy weighted average over 200 100 0 100 200

X (mm)

the component signals.
. .




