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Abstract: Since 2006, the development of a km3-scale neutrino telescope - the Gigaton Volume Detector (GVD) in 
Lake Baikal - is the central goal of the Baikal collaboration. We present selected results obtained in the course of devel-
oping and testing key elements and systems of GVD. We furthermore describe configuration and technical 
design of GVD. 
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1 Introduction 
 
The Baikal collaboration follows since several years a 
R&D program for a Gigaton Volume Detector (GVD) in 
Lake Baikal. GVD will be a kilometer-scale high-energy 
neutrino observatory [1–3]. The main scientific goal of 
GVD is to map the high-energy neutrino sky in the 
Southern Hemisphere including the region of the galactic 
centre. Other topics include the indirect search for dark 
matter by searching for neutrinos produced in WIMP 
annihilation in the Sun or in the center of the Earth. GVD 
will also search for exotic particles like magnetic mono-
poles, super-symmetric Q-balls or nuclearites.  
 
The GVD detector will be located in the southern basin 
of Lake Baikal close to the NT200+ telescope [4–8]. The 
geographical coordinates of the detector site are 51°50´N 

and 10°20´E. Since the slope of the shore bottom relief is 
rather steep, the telescope can be arranged comparatively 
nearly to shore at the distances about of 4–5 km. The 
depth of the lake is about 1400 m at this place. Water 
currents at the detector site at the depth about 1 km are as 
low as 2 cm sec-1. The light propagation in the Baikal 
water is characterized by an absorption length of about 
20–25 m and a scattering length of 30–50 m. The water 
luminescence is low at the detector site. The rate of light 
pulses from K40-decays is negligible. 
 
The first generation Baikal Neutrino Telescope NT200 is 
operating in Lake Baikal since April 1998. NT200 con-
sists of eight 72 m long strings, each with 24 pairwise 
arranged optical modules (OM). Each OM contains a 37-
cm diameter hybrid photodetector QUASAR-370, devel-
oped specially for this project [6]. The upgraded Baikal 
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telescope NT200+ [5] was commissioned in April, 2005, 
and consists of a central part (the former, densely instru-
mented NT200 telescope) and three additional external 
strings. The construction of NT200+ was a first step 
towards a km3-scale neutrino telescope. The important 
km3-milestones were the construction and installation of 
new-technology prototype strings in 2009 – 2010 [1, 2] 
and prototype GVD cluster [3], comprising 3 strings, in 
2011. The basic goals of the prototype array installation 
are investigation and in-situ test of basic elements of the 
future detector. In this paper we review the R&D activi-
ties towards a km3-scale Baikal telescope. 
 
2 GVD configuration 
 
In this section we will discuss basic principles of the 
GVD design and the results of optimization of the GVD 
configuration.  
 
2.1 GVD design 
 
The basic approach designing the Baikal km3-detector 
GVD is the same as for the NT200 design. GVD will 
consist of strings of optical modules that will be grouped 
into clusters. This approach provides a relatively flexible 
structure, which allows for a future expansion of the 
instrumented volume as well as a rearrangement of the 
main building blocks (clusters), to adapt to requirements 
of new scientific goals, if necessary.  
 
The GVD will be constructed from three basic building 
blocks: optical modules (OMs), sections of OMs (main 
detection units), and clusters of strings. Each optical 
module contains a light sensor, which detects Cherenkov 
radiation produced by the relativistic charged particle 
moving through water. The photomultiplier (PMT) Ha-
mamatsu R7081HQE is selected as the light sensor for 
the OMs. This PMT has a hemispherical photocathode 
with a diameter of 10 inch and quantum efficiency up to 
35%.  

 
The optical modules of each string are grouped into two 
sections. The section is the lowest-level DAQ unit. It 
consists of 12 OMs and a central module (CM). The CMs 
contain three ADC boards (12 measuring channels), the 
OM power controller, and a Master unit. Each ADC 
channel has 12 bit resolution and samples at 200 MHz. 
The Master unit provides trigger logic, data readout from 
ADC, and connection via local Ethernet to the cluster 
DAQ-center (CC). The trigger is formed by a coinci-
dence of any neighboring OMs within a section (thre-
sholds 0.5 and 3 photoelectrons) [3]. Time and amplitude 
calibration of the section measuring channels are pro-
vided by a LED flasher unit located near the central 
module. Light pulses from the flasher are transmitted to 
each OM via individual optical fibers. 
 
Two sections form a string (24 OMs in total). 8 strings 
are combined into one cluster. The cluster DAQ-center 
provides inter-string time synchronization, data read out 

from the strings, and communication to shore through the 
electro-optical cable. The architecture and design of the 
GVD data acquisition system are presented in detail in 
[3]. 
 
2.2 Optimization of GVD configuration 
 
The objective of the optimization of the GVD design is 
to provide a large cascade detection volume with the 
condition of also effectively recording high energy 
muons. The MC-optimization for the km3-detector con-
figuration was performed for 96 strings grouped in 12 
clusters with 192 OMs each. Basic parameters for the 
optimization were Z - the vertical distance between OMs, 
R - the distance between strings and cluster center, and H 
- the distance between cluster centers. Coincidences of 
any neighboring OMs on a string were used as a trigger 
condition for this calculation.   

 

 
Figure 1. GVD shower detection volume. 

 
The GVD shower detection volume in dependence on 
energy is presented in Fig. 1. One can see a significant 
increase of the detection volume with increasing distance 
between the clusters H. The upper curve presents the 
detection volume for 12 independent clusters (H ).  
 

 
 

Figure 2. GVD muon effective area. 
 
The muon effective area as a function of energy is pre-
sented in Fig 2 for different values H, R, and Z. An opti-
mum for cascade detection volume and muon effective 
area was obtained for the following values of the parame-
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ters: H=300 m, R=60 m, and Z=15 m. The design of the 
GVD is presented in Fig 3. The neutrino detector will 
consist of 2304 OMs, arranged on 96 strings with in-
strumented length of 345 m (24 OMs on each string).  
 

 
 
 
Figure 3. GVD design: GVD top view (12 clusters), 
schematic view of cluster (8 strings with 2 sections each), 
and a section of OMs (12 OMs with PMTs R7081HQE). 
 
The GVD detection area for muons above 3 TeV with an 
arrival direction reconstruction error about of 0.5 degree 
and energy resolution of δlgE~0.4 is 0.2 – 0.8 km2. The 
detection volume for cascades above 50 TeV with recon-
struction error about 5 degrees and energy resolution of 
about 10% - 15% is 0.3–0.7 km3. 
 
3 Prototype arrays 
 
The first prototype of GVD electronics was installed in 
Lake Baikal in April 2008. It was a reduced-size section 
with 6 OMs. This unit provided the possibility to study 
basic elements of the future detector: new optical mod-
ules and FADC based measuring system. During the next 
two years different versions of prototype string were 
tested in Lake Baikal as a part of NT200+ detector. The 

operation of these prototype strings in 2009 and 2010 
allows a first assessment of the DAQ performance. The 
prototype string 2009 consists of 12 optical modules with 
six photomultipliers R8055 and six XP1807. In April 
2010, a prototype of the GVD string with 8 PMTs 
R7081HQE and 4 PMTs R8055 was installed in Lake 
Baikal. 
 
 In-situ tests of the prototype string allow estimating the 
accuracy with which the system can determine the arrival 
time of a photon at the photocathode. The measurements 
were conducted with the LED flasher, laser calibration 
source and cosmic ray muons. The first step of data anal-
ysis was a study of the accuracy of the pulse time mea-
surement with delayed pulses produced by the LED 
flasher. The arrival time of a photon is determined from 
the waveform data. We find the average delay values 
obtained from waveform data to be close to the nominal 
value (average deviation ~1 ns). The average RMS is less 
than 2 ns. This value characterizes the time resolution of 
the measuring channels.  
 
More detailed studies of the time accuracy were per-
formed with a laser source located at a distance of about 
100 m from the prototype string. The time differences 
between pairs of channels measured for laser pulses are 
in good agreement with the expected values. The average 
deviation is about 2 ns. This estimation takes into ac-
count time calibration errors and string position uncer-
tainties.  
 
The flux of down going cosmic ray muons enables a test 
of the timing performance under the same conditions as 
actual data taking. The muon analysis was performed for 
OMs with upward looking PMTs. Time differences be-
tween muon pulses detected with different channels were 
studied and compared to the simulation of the string 
response to the atmospheric muon flux. The distributions 
of the time difference between the optical modules along 
the string are in good agreement with the expectations.  
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Figure 4. Prototype of a GVD cluster. 
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In April 2011 a prototype cluster of GVD has been in-
stalled and commissioned in Lake Baikal (Fig. 4). This 
array consists of 3 vertical strings with 8 optical modules 
each, deployed at depths between 1205 m and 1275 m. 
The vertical spacing between OMs is 10 m and the hori-
zontal distance between strings is about of 40 m. Besides 
of the OMs each string comprises the service module 
(SM), and the central module (CM), as well as transmit-
ters and receivers of an acoustic positioning system. The 
cluster DAQ-center (CC) is located at separate cable 
station. Prototype cluster is connected to shore via elec-
tro-optical cable, which was deployed in 2011. The 
sketch of prototype cluster location is shown in Fig. 5.  
 
 

 
 
Figure 5. Sketch of prototype cluster, neutrino telescope 

NT200+, and communication lines locations. 
 
4 Conclusion  

 
The objective of the Baikal Project is the creation of a 
kilometer-scale high-energy neutrino observatory: the 
Gigaton Volume Detector (GVD) in Lake Baikal. Basic 
elements of the GVD (new optical modules with PMTs 
of various types, FADC readout units, underwater com-
munication systems) were investigated and tested in-situ 
with prototype strings in 2008–2010. Measurements with 
a LED flasher, a calibration laser, and muons allow esti-
mating the time accuracy of the GVD measuring system 
at the level of about 2 ns. On the basis of the studies of 
the prototype strings and optical module parameters the 
optimization of the GVD configuration was performed. 
The detection area for muons above 3 TeV with arrival 
direction reconstruction error about of 0.5 degree and 
energy resolution of δlgE~0.4 is 0.2 – 0.8 km2. The de-
tection volume for cascades above 50 TeV with recon-
struction error about 5 degree and energy resolution of 
about 10% - 15% is 0.3–0.7 km3. A technical design 
report for the GVD Baikal neutrino telescope has been 
prepared. A prototype cluster which comprises all key 
elements of the measuring and communication systems 

of GVD cluster was put in operation in Lake Baikal dur-
ing the 2011 winter expedition.    
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