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Angular coverage and efficiency of acoustic sensors of the
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Abstract. The South Pole Acoustic Test Setup consists of four striegsh instrumented with seven acoustic sensors and
transmitters frozen in the upper 500 m of IceCube holes. SP#dhsors have been extensively studied in the laboratory at
changing temperatures and pressure in air, water and izaslhowever impossible to create conditions like in deepitke
acror South Pole. We present here different methods totigegs angular coverage and efficiency of the acoustic semaster
deployment. The corresponding results are used to disbhassliability of SPATS detector measurements. We conalitte

an outlook about the applicability of the described methmdfuture acoustic or hybrid detectors for cosmogenic rieoitr
measurements in ice.

Keywords: Acoustic neutrino detection, Acoustic pinger data, Acmusénsors, SPATS
PACS: 43.58.+z, 43.60.+d, 93.30.Ca

1. INTRODUCTION 2. STUDYING ANGULAR
DEPENDENCE OF SENSITIVITY
The South Pole Acoustic Test Setup (SPATS) was built WITH TRANSIENTS

to probe the potential of a large acoustic or hybrid neu-

trino detector array using the clear South Pole bulk i - “CTransient events are acoustic pulses which are produced
as detection volume [1]. Therefore measuring the crmc |

¢ has th 4 of 4121 th tt durmg the re-freezing process of IceCube bore holes or
ice parameters, such as the speed of sound [2], the & S Rodriguez-Well locations. Rodriguez-wells (RWs) are

uation length [3] and the noise [4] in the South Pole_ 'C large caverns, around 20 m in diameter, used for the pro-
have been crucial to rate the fea5|b|lléty of cosmic neu duction and cycling of water for the IceCube hot water
trino detection above an enerfg;lll Ofd (V. Altgozgh drill system. A detailed description on transient data tak-
most paramete;}rs are”sluccess ully etermlfne the o %ﬁg reconstruction and analysis are given in Refs. [4, 6].
measurement has still large uncertainties from the S nHere we analyze transient data taken during the period of
sor calibration. In-situ calibration of sensors in the i lse [ 28 Aug. 2008 - 20 Feb. 2009, where SPATS was running
very difficult since the effects of low temperatures, h'gh in a special configuration having two operating channels
pressure and additional changes during the freeze- N PrAsside the same sensor module. The high quality in x-

cess are unknown. Due to access limitations nothlng CaQ resolution of reconstructed transient events (e.g. Hole
be said about the exact freeze-in position and the qual it

fh f h P di h¥37 o(x) =2.6 m, o(y) =5.0 m) allows to determine
of the sensor coupling to the ice. Previous studies |n %he azimuthal angle of the source with respect to the sen-
laboratory allow the factorization of the effect of senS|

tivity ch due t ts of th i sor module. Also having different azimuthal orientation
tvity change due to measurements of the sensor sen5| N5t the frozen sensors, we expect a similar response pat-

'®Sern of the three channels inside a sensor module due to
sure dependence in water/oil and sensitivity comparlsorbrevIous laboratory tests [5]. Comparing the responses
in waterfice at temperatures of @D at normal pressure of those channels to signals from reconstructed acoustic

4,
(1 bar). ;Lh%reforellnc}fle following sections WF d(tastcrl transient events coming from different directions (Fig-
new methods applied to overcome previous limitations ure 1) allows to analyze their azimuthal acceptance. In

We study in situ the angular dependence of the sens%e following the convention B6X stands for channel X
sensitivity using reconstructed transient events (Sect on string B at position 6 (X=0,1,2). In Figure 2 the az-

2% ar][d us; p\llcger da’:a;o doﬂ? relatl\:le sEnsbor (:‘[a“brat'OJ}lnuthal distribution of localized transient events with a
(Section 3). We conclude with an outlook about use an t on channel B60 and/or B62 is shown. Since both

ap_phcablhty of.those _methods for future acoustic or Lhy channels have almost the same amount of hits from sig-
brid detectors in Section 4. s hals of the surrounding holes and Rodriguez-wells (RW),

57 we conclude a similar angular acceptance inside the sen-
ss  sor module. The reduction of signals from RW07/08 at
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TABLE 1. Table of pinged holes (pinger runs) within the
drill period 2008/2009. The pinger run of hole 37 used in the

r  eowstcEvem present analysis is indicated in boldface.
L X 'Y . ,R eeeeeee
00k T WG ) [ Hole x[m] y[m] Date Start  End
Taf ! Holes 1
I T Lo [UTC] [UTC]
200 S - 28 248.2 -111.9 12.12.08 18:24 19:07
i o LRV 19 2036 -2286 16.12.08 0829  10:11
T I . o 5 237.7 -442.4 29.12.08 08:12 09:50
- or : e 3 'dt_ 37 169.4 -14.8 18.01.09 02:40 05:27
i Py
-20 PR
L @ e ) ) L
l i, g o e Steps (one time step = ps) before and 20 time steps
—400- “ I e behind the signal onset. Figure 3 shows such a kind of
i ° . ez power distribution encouraging the shadowing effect hy-
T T e pothesis since the distributions between both channels

-600 -400 -200 O 200 400 600 R . : L
x [m] s are quite similar and differences in the sensitivity be-

7 tween both channels can be neglected. Thus having al-
most the same sensitivity but a lower rate of hits at chan-

FIGURE 1. Shown are (a) the actual vertex position of all IB60 indication for d - blocking th
transient events recorded between August 2008 and Fetffuarrﬂle IS an indication for aamping or even blocking the

2009. The sources of transient noise are the RodrigueswellSignal in a certain azimuthal direction. A possible reason
(RW,RWO07/08) and the re-freezing IceCube holes. Dark grayfor such a shadowing effect could be the IceCube cable
circles (Holes 2) indicate positions of IceCube holes édilin-s next to the channel module.

this period of transient data taking and light gray circldselés
1) show previously drilled IceCube holes.

Sensor B60 Sensor B62
Entries 4958 Entries 6865
Mean 1.70 Mean 1.74
RMS 1.25 RMS 1.22
1045 >
E KA sensor B60 ot z
= Sensor B62 b
| — Hole : ::
Hole 37 I
10°F | Rw D
C - - - RW07/08 | ]
L ::: 012 3 4586 7 89 12 3 4 5 6 7 8 9 10
i P y A 3 A
o D
P10% Lo
z F 1 i FIGURE 3. Power distribution of signals from localized
N 11 | X transient events at channel B60 and B62.
10
F S
E 0%e
B e 3. RELATIVE CHANNEL
L < S
< CALIBRATION USING PINGER DATA
1 ;

50 100 150 200 250
@[° 7 Pinger data are taken with a mobile transmitter, so called
77 “pinger”, during the drill seasons 2007/2008, 2008/2009
FIGURE 2. Azimuthal distribution of hits on channel B0 and 2009/2010. Since season 2008/2009 a run contains
and/or B62, coming from localized transient events aroyndiye received pinger signal from all channels at every
their position (x=101.04 m, y=412.79 m). s SPATS module. Pinger data have already proven to be
a1 a valuable tool to determine the sound speed [2] and at-

channel B60 compared to B62 in thheange might com& f[enuation length [3] in the South Pole ice. In _the.follow-
f hadowi foct b d by the lceEypR9 We discuss how they can be used to provide informa-
rom a shadowing etiect as can be caused by the CesAl.Jbt?on about the sensor sensitivity and angular efficiency.
cable. To compare the sensitivity of both channels a2'9n Table 1 all pinger runs done within the drill period

nal energy (sum over squared amplitudes) for all tran-

sient events with hits at channel B60 and B62 is cai1scu-2008/2009 are shown. In the present analysis we use the

lated by summing up the squared amplitudes of five gmdinger data of hole 37, the pinged hole which is closest
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to the acoustic strings within drill period 2008/2009, to
ensure high data quality and good statistics (see Figur

TABLE 2.
37 on the 18th of January in 2009.

e

SPATS log book record for the pinger run at hole

4). Furthermore pinger data of hole 37 might be compa- Depth[m] Payout[m] Start[UTC] Stop [UTC]
600 ; A (78) 190 202.0 03:02:31 03:08:17
D (76), 5!"% 250 266.3 03:11:32  03:16:56
o © B (72)o o 320 340.4 03:20:20 03:25:27
400¢ o © o © 400 425.2 03:29:05 03:34:21
o o © o 500 530.6 03:38:42 03:46:52
o 0 ©° o © 400 4232 03:51:10 03:56:26
200¢ o 0 % (?7) o 320 337.6 03:59:30 04:04:40
o © © o o 250 263.3 04:07:37 04:12:55
= 0 o © 370 O o 190 200.4 04:15:38 04:20:44
> o 28 o
o,® ©
o 19
—-200f o e o ©
o [0} 14 String B Sensor 6 Channel 0
o © o 1.21
-400} 6 o 3 o on
o 0.6
_60 L L L I L g;
-600 -400 -200 O 200 400 600 14 String B Sensor 6 Channl
x (m) L 12
R 1
FIGURE 4. IceCube geometry after deployments in < 22
2008/2009 [3]. Indicated are SPATS sensor strings (open red 0.4E
circles) and pinged holes (filled black circles). 02
1.4 String B Sensor 6 Channal 2
rable with the sensor sensitivity results from transients 12
obtained in the previous section. Pinger data taking has 08
been done in a mode running through all sensor stations o
at the strings A,B,C and D in a four minutes cycle. Hence 02)
a single output file for each acoustic module is produced 0 100 200 300 400 500 €00 700 800 900 1000

: : 100
with the waveform of of all three channels in a sensor. ime msee

The pinger pulse rate for hole 37 was 8 Hz and the time

resolution of the measured signal wagi& Hence 144 FiGURE 5. Pinger signal from hole 37 level 6 measured
equally spaced (125 ms period) pulses are stored in a sirat the sensor module 6 (320 m depth) on string B during the
gle pinger data file. During data taking the pinger itself stationary data taking phase.

moved downwards and upwards with intermediate five

minute stops at a depth of 190, 250, 320, 400 and 500

meter, which are the depths of the acoustic sensors frozexcoustic station 6 on string B are shown. As one can see a
in the bulk ice area. To avoid propagation effects (aceuselear distinction between signal and noise is possible and
tic shear waves) and an influence of a possible layeredlmost all pinger signals are measured at all three chan-
ice structure only the data files of the sensor module imels of the 433.04 m distant hole. The variety between
the same depth as the stationary transmitted pinger sign#the power distribution reflects the differences in sensitiv
are analyzed. The stationary periods for the pinger run inty of all three channels, which coincide with differences
hole 37 are indicated in Table 2. In Figure 5 a part of:thebetween acoustic sensor channels from measurements in
stationary pinger signal obtained at the sensor medul¢he laboratory. The power distribution of all three chan-

6 (320 m depth) on string B is shown. The pinger signalnels allows also to determine the angular sensitivity of
can be easily identified per eye, thus 100% detectionseffithe acoustic sensor module, if the exact freeze in posi-
ciency is reached for the pinger signal on all three chantion can be determined. Although showing in Figure 6
nels. A threshold of 5.2 times the mean noise is usedthe same channels as has been used in the transient data
which is the same value as for the transient data taking oénalysis above, a direct comparison with Figure 3 is dif-
Section 2. Hence for a relative sensor calibration onlythdicult due to the huge variation in signal strength and fre-
distances from hole 37 to the different strings are impor-quencies of the transient events. In Table 3 the power
tant and found to be 142.73 m (C), 433.04 m (B), 544s62istribution of the acoustic pinger signals measured at
m (A) and 625.09 m (D). In Figure 6 the mean squaredthe SPATS sensors are shown. Please Note: There are no
amplitudes of received pinger signals at all channels oSPATS sensors for String A,B and C at a depth of 500m.
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TABLE 3. Mean squared amplitude of acoustic pinger. - pjle pinger, as has been used for the present analysis, it
zf’éfs'nfézrt?mh;f 37 measured at SPATS sensors of fé‘gl is also possible to study the effect of a moving acoustic
1o source and the influence of this propagation on the mea-

amplitude?/ arbitr. units i surement. Such an analysis might give a better under-

depth/m channel strA strB  strC  stD M2 standing about moving acoustic sources such as cracks
iz in the South Pole ice. A future acoustic or hybrid detec-
190 0 - 83 190 X .. tor built for neutrino detection should have transmitters

% ig gz% § 175 deplloyed at each string and depth similar to the string
250 0 . 23 459 12 we design of SPATS. Furthermore at least at central strings
1 21 2.4 94.3 - amobile transmitter run should be done, where a strong
2 - 3.8 473 - s pinger signal is used to go below the deployment depth
320 0 14 50 1627 1.2 4, to testthe homogeneity of the detector in the ice and its
1 1221 508 09 . performance to acoustic signals coming from all direc-
400 % 1'_1 1_'4 12_2'6 0186 181 tions. Qne has to keep in mind, that pinger studies for
1 ) 10 309 10 1 estimationofsound speed and attenuation length [2, 3],
2 0.7 09 333 17 1,3 as done successfully at the geographic South Pole where
500 0 X X X 1.0 1« SPATS is situated, have to be repeated at any different
1 X X X 1.1 s detector site.
2 X X X 0.9
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the detector medium and their angular sensitivity. A com-

plete detector grid with more than four acoustic strings

and fixed spacings in between increases the reliability

of such an analysis significantly. Pinger data can also be

used to learn more about the structure of the surround-

ing medium, using the information of signal propagation

and small run time differences along an inclined path

between pinger and acoustic module. In case of a mo-
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FIGURE 6. Distribution of the mean squared amplitude (power distidm) of pinger signals at all channels of the acoustic
module six at string B. Here only stationary pinger signakha same depth (320 m) are used to avoid propagation effects



