
1

��������������	
������	
��

�
���
������������
���
���
������������
��

	
��	
��

��������
���������������
�������

���������������� 		
������
������ ���
� ������
� ����� ������������������ � ���� ���

�������������������������� ����������������

��
�������
�����

���� ��
�!�
��
"	
 ��#�!���� ����� ��
�!�
��
"	
 ��#�!���� �

����$������$��

RREE -- 99



A measurement of the cosmic-ray muon flux with a module

of the NESTOR neutrino telescope

The NESTOR Collaboration

G. Aggouras j, E.G. Anassontzis a,*, A.E. Ball d, G. Bourlis f, W. Chinowsky h,
E. Fahrun g, G. Grammatikakis e, C. Green g, P. Grieder b, P. Katrivanos i,
P. Koske g, A. Leisos j,f, E. Markopoulos j, P. Minkowsky c, D. Nygren h,

K. Papageorgiou j, G. Przybylski h, L.K. Resvanis a,j, I. Siotis i, J. Sopher h,
A. Staveris-Polikalas j, V. Tsagli j, A. Tsirigotis j,f, V.A. Zhukov k

a University of Athens, Physics Department, Panepistimioupolis, 15771 Ilissia Athens, Greece
b University of Bern, Physikalisches Institut, Switzerland

c University of Bern, Institute for Theoretical Physics, Switzerland
d CERN (European Organization for Nuclear Research), Geneva, Switzerland

e University of Crete, Physics Department, Greece
f Hellenic Open University, School of Science and Technology, Patra, Greece
g University of Kiel, Institute of Experimental and Applied Physics, Germany

h Lawrence Berkeley National Laboratory, Berkeley, CA, USA
i NCSR ‘‘Demokritos’’, Athens, Greece

j NESTOR Institute for Deep Sea Research, Technology and Neutrino Astroparticle Physics, Pylos, Greece
k Institute for Nuclear Research, Russian Academy of Sciences, Moscow, Russia

Received 5 January 2005; accepted 10 February 2005

Available online 11 March 2005

Abstract

A module of the NESTOR underwater neutrino telescope was deployed at a depth of 3800 m in order to test the

overall detector performance and particularly that of the data acquisition systems. A prolonged period of running

under stable operating conditions made it possible to measure the cosmic ray muon flux, I0 � cosaðhÞ, as a function

of the zenith angle h. Measured values of index a and the vertical intensity I0
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Abstract

NESTOR is a deep-sea neutrino telescope that is under construction in the Ionian Sea off the coast of Greece at a

depth of about 4000m. This paper briefly reviews the detector structure and deployment techniques before describing in

detail the calibration and engineering run of a test detector carried out in 2003. The detector was operated for more

than 1 month and data was continuously transmitted to shore via an electro-optical cable laid on the sea floor. The

performance of the detector is discussed and analysis of the data obtained shows that the measured cosmic ray muon

flux is in good agreement with previous measurements and with phenomenological cosmic ray models.
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Can we detect high energy �
in coincidence with

Gamma-Ray-Bursts?

• Predict 1 km2 detector will see more than 20 � per 
year with E � ~ 1014eV in coincidence with GRB
(Waxman, E. and Bahcall, J. 1997, Phys. Rev. Lett. 78, 2292)

two key concepts for simple detector:

1014 eV => sparse detector and time signature

Coincidence with GRB => � in time window of burst



Exploiting the � Energy

1014 eV �: 
for � � � the � Range in water > 5km

the � is highly radiative, leading to
shower with an average of >20 times 
the Ck light of single particle
all along track

for � � e the shower is short but intense



Exploit Coincidence with GRB

• GRB lasts few seconds to ~100 
seconds

• � can appear anywhere within this time 
window



Sparse Detector

• Use 4 strings of detectors surrounding NESTOR, 
each string ~300m from tower

• Each string is >400m long with 2 independent 
detector nodes per string separated by ~300m

• Each node consists of 2 clusters of 8 optical modules 
each with separate battery, LED, and control spheres

• All strings independent - primary data recovery 
through string recovery - priority data sent 
acoustically to NESTOR



Battery Powered Strings

• Each cluster has 3 power supplies:
– one for the optical modules
– one for the electronics
– one for the acoustic system

• Power is sufficient for 1 year of 
operation at depth



Optical Modules

• 15” Hamamatsu PMTs
• Cockroft-Walton HV for base
• <40mw per OM
• All in 17” Benthos spheres



Cluster Controller Sphere

• 8 OM inputs
• Majority logic trigger

• Eliminate 40K and bioluminescence backgrounds

• Local oscillator
• Stable to 1 part in 1011

• Time stamp for each event
• Data storage for >1 years worth (100 GB)
• Priority events sent to acoustic readout
• <0.5W average power use



Time and Amplitude digitizing

8 channels of input for each cluster
• 3 discriminators per input channel with 

thresholds at 1/4 pe, 2.5 pe, and 5 pe
• Each discriminator feeds separate FIFO 

TDCs with 5ns sensitivity and 1.6 �s 
range



LED sphere

• Located ~10m below lower cluster or above 
upper cluster in each node

• Firing sequence controlled by cluster 
controller

• Light intensity variable with sufficient range to 
illuminate local and remote nodes and 
NESTOR

• For clock synchronization and position 
verification



Coupling to NESTOR

• Acoustic transceiver in each cluster 
communicates with NESTOR tower 
base unit

• NESTOR unit converts to full duplex 
fiber communication to shore



Signal analysis

• Offline analysis
• Coincidence within node give low 

energy tracks for calibration
• coincidence between strings and 

NESTOR give high energy tracks
• Coincidence between 2 or more strings 

with NESTOR give highest energy 
tracks



Conclusions

• Can deploy strings in a series of tests to build 
up to 4 string array have >2km2 effective area 
with NESTOR at center

• Timing comparison with satellites from 
detected GRB

• Rudimentary pointing accuracy from strings, 
excellent pointing from NESTOR, to verify 
GRB coincidence










