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The ANTARES neutrino telescope
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Upgoing live event
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Time calibration

need precise relative timing of light arrivals at 
Photomulitplier tubes

• individual PMT transit time spread
σ ≈ 1.3 ns

• optical properties of sea water: e.g. scattering 
σ ≈ 1.5 ns for 40m light propagation

• read-out electronics
σ ≈ 0.5 ns
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Time calibration - Hardware

• Internal clock
• Internal OM LED
transit time evolution for individual PMTs
Agilent HLMP-CB15 LED (blue)

• LED optical beacon (LOB)
36-LEDs on a hexagonal structure
4 LOBs per line (storey 2, 9, 15 and 21)
Hamamatsu H6780-03 PMT inside

• Laser beacon
2 NdYAG lasers with 1ns (FWHM) pulse duration on line 7 and 8
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Time calibration - Internal clock

• measure time offsets of each storey
20 MHz on-shore clock generator
clock transceiver board in each LCM

storey answers through same optical fiber
in situ measurements every 4 h show a stable
resolution of 100 ps

• address absolute event time (from GPS) with 100 
µs accuracy
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Time calibration - Internal OM LED 

• monitor transit time spread/stability
   for individual PMT

• Agilent HLMP-CB15 LED 
  illuminating the back of
  the photocathode

• peak 470 nm, 15 nm FWHM
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Time calibration - LED optical beacon (LOB)

hexagonal 
structure

5 lateral LEDs 
1 top LED

• 36 LEDs per beacon (synchronised to better than 0.1 ns)
• 4 LOBs per ANTARES line (2, 9, 15, 21)
• Hamamatsu H6780-03 PMT inside
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Time calibration - LED optical beacon (LOB)

LOB

OM

electronics
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Arrival time distribution after LOB flashing
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read-out electronics contributes with 0.4 ns

LOB with
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σ2 = σ2TTS/Npe + σ2water/Npe + σ2electronics



Ulf Fritsch for the ANTARES Collaboration - ICATPP09 Como Italy

ARS T0 correction

Line 1 - 12 interstorey OM-OM time difference 

Mean ≈ 0

RMS = 0.55 ns
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K40 calibration

CaK-40

+ e-

• coincidence rate from integral of events using 
Gaussian fit → monitor OM efficiencies

• check ARS T0 calibration from monitoring peak offset

• special local trigger (20 min of data, once a week)

150 
Cherenkov
photons

K-40
stable 
concentration

→

σ = 4 ns
good agreement with MC

OM-OM time difference
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K40 calibration

CaK-40
stable 
concentration

+ e-

mean ≈ 0
RMS = 0.65 ns

150 
Cherenkov
photons

→

OM-OM time difference
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K40 coincidence rate

• mean 15.8 Hz, RMS 2.4 Hz
• no dependence on bioluminescense 
• corresponding to 10% OM efficiency spread
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K40 coincidence rate - time dependence

end of 2006
15.5 Hz

“degradation”

tuning now:
15.8 Hz

old
settings

2.5 months
shutdown

variations due to 
shutdowns 

(high bio rates)

HV tuning
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Position calibration - Hardware

per line
• 5 receiver hydrophones
• 1 receiver/emitter hydrophone

40-60 kHz, attenuation length 0.7-1 km 

2 sound velocimeters
• connected to conductivity, 

temperature and pressure probes

per storey
• compass ↔ heading
• tiltmeter ↔ 2 local tilts

1

8

14

20

25
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Relative positioning

• triangulation of hydrophone positions (5 storeys) 
every 2 minutes

• perform a fit on line shape 
    to obtain positions of 
    remaining storeys 
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Fig. 2. The difference between the distance calculated from the
acoustic cycles and the distance re-calculated after triangulation, for
Line 12, storey 1.

III. PERFORMANCE
Construction of the ANTARES neutrino telescope

was completed in May 2008 with the deployment and
connection of the last two detector lines. Throughout its
construction, the ANTARES neutrino telescope has been
operating with an increasing size. During these periods
of data taken, the positioning system was extensively
studied and proved to be stable in its operation (see
[6], [7]). Here we will concentrate on the results of the
positioning systems operation for the first year of data
taking in the completed 12 line configuration.
As mentioned, the global χ2 fit of the line shape

formula considers data from both the APS and TCS.
However, these two systems are independent, with the
data from each system being analysed separately. Firstly,
let us consider the contribution from the APS.
In order to evaluate the stability of the triangulation

of the line positions using the APS, the estimates of
the distance between each pair of emitter and receiver,
are compared before and after triangulation; the spread
in this distribution being an indication of the accuracy
of the triangulation. For the purpose of illustration,
Figure 2 shows that the difference between these two
estimated distances is of the order of millimeters and
thus, considering acoustic data alone, reconstruction
of the individual OMs can easily be achieved with a
resolution better than the 10 cm required.
The strength of the APS can be seen in Figure 3,

which illustrates the horizontal movements of the line
with respect to the BSS position, over a 6 month period.
As with Figure 1, the black data points represent the
movement of the hydrophone on Storey 1, red is on
Storey 8, blue is on Storey 14, green is on Storey 22
and magenta is on Storey 25. As illustrated in Figure
3, the top storeys of the detector line experience the
largest amount of displacement due to the water current.
Furthermore, this movement is mostly confined to an
East-West heading, due to the dominant Ligurian current
which flows at the ANTARES site.
To evaluate the compatibility of the data from the APS

and TCS, in the overall line shape reconstruction, the
line shape reconstructions, as based on the measurements
of the APC and TCS alone, are compared. An illustration
of such a comparison is shown in Figure 4. As with
Figure 2, the spread in the distribution of this comparison
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Fig. 3. The horizontal movements from BSS, of all hydrophones on
Line 11 for a 6 month period. As with Figure 1, the black data is the
hydrophone on Storey 1, red is on Storey 8, blue is on Storey 14, green
is on Storey 22 and magenta is on Storey 25. The dominant East-West
heading of the line movements is due to the dominant Ligurian current
which flows at the ANTARES site.

Fig. 4. The difference between the X-position of storey 14 on Line
1 calculated by the hydrophone data and the X-position obtained by
the line fit.

is an indication of the compatibility of the two data sets,
with a large spread implying a incompatibility of the
data from the APS and TCS with regards to the overall
line shape fit. As can be seen in Figure 4 the mean
difference between the X position, as calculated using
the two different data sets, is less than 1 cm. It should
be noted that similar distributions are observed for the
differences in the Y and Z positions of the hydrophones.

IV. CONCLUSIONS
ANTARES positioning system is stable and accurate
in its operation for the complete 12 line configuration.
Using the two independent systems of acoustic position-
ing and tiltmeters-compasses, we are able to reconstruct
the 3 dimensional position of the OMs to an accuracy of
10 cm or less. Completing a 3 dimensional positioning

Storey 1
Storey 8
Storey 14
Storey 20
Storey 25
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Tiltmeter/Compass system (TCS)

• TCM 2 and TCM 2.5 cards from PNI Sensor 
Corporation on each storey

• measurement of 2-axis tilt with 0.2° accuracy and 
0.1° resolution for pitch and roll

• measurement of heading with 0.8° accuracy

• measurement of B-Field with 0.05 µT accuracy
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Calibration of TCS

• B-field at the ANTARES site Bx = 0,06 µT, By = 24 µT
• B-fields from electronic container, miscalibration in lab
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Line shape model

• buoyancy, drag forces of detector elements

• radial displacement at height z, current velocity v

R(z,v) = c1 z v2 + c2 v2 ln(1 - c3 z)
5 cm/s → 1 m, 12 cm/s → 5 m, 30 cm/s → 30 m

• performing χ2 fit and obtain vx and vy from fit

se
a 

cu
rr

en
t 25 storeys 1 buoy
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sea current velocity from ADCP vs. linefit 2008

linefit

ADCP

sea current velocity from ADCP vs. linefit 2008

Comparison with 
Acoustic Doppler Current Profiler (ADCP)
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Accuracy
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Summary

• Time calibration done monthly with a set of 
Optical Beacons is in good agreement with the 
K40 analysis.

 
• Desired precision of electronics (< 0.5 ns) to the 

overall time resolution is achieved.

• Detector homogeneity: 10% spread in OM 
efficiency. 

• Positioning (every 2 min): Alignment is able to 
reconstruct positions within 10-20 cm.
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Thank you very much!

antares.in2p3.fr
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Backup
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Attenuation length

Measure Q(h) and fit with Q(h) = Q0/R2 exp(-R/L)

Choose range 

Rmin: 
to avoid ARS dead time

Rmax: 
hits are compatible 
with noise fluctuationsLOB

Q(h)

Q(h)
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Absolute positioning

• anchor positions obtained by LFLBL 
measurement within 1m accuracy after 
deployment.

• using HFLBL measurements positions are 
recalculated within 1cm accuracy.

anchor/BSS

GPS



Ulf Fritsch for the ANTARES Collaboration - ICATPP09 Como Italy

Stability of ARS T0
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Time calibration - Internal OM LED 

Plot zur Stabilität

stable within 0.5 ns



Ulf Fritsch for the ANTARES Collaboration - ICATPP09 Como Italy

Charge calibration

SPE Run
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Charge calibration


