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In April 2015 the demonstration cluster "Dubna” was deptbgead started to take data in Lake
Baikal. This array is the first cluster of the cubic kilometrale Gigaton Volume Detector
(Baikal-GVD), which is constructed in Lake Baikal. In thisntribution we will review the design
and status of the array.
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1. Introduction

The neutrino telescope Baikal Gigaton Volume Detector (GVD) is currentheuconstruction
in Lake Baikal [1], which is a deep underwater Cherenkov detectoexfgeneration. Main stream
of neutrino studies with Baikal-GVD is search for astrophysical neutrinoeming from lower
hemisphere with energies higher a few tens of TeV. Potential astrophyaigats for neutrino
detection with GVD are celestial objects which are visible in GeV-TeV gamma{&)Rs, AGNs,
GRBs and so on) either or invisible dark matter in the halo of the Milky Way, tHadBa Center
(GC), dwarfs, and also in the center of the Sun and the Earth. AN®ith latitude of Baikal site
visibility time is more than 65% of observation time for directions on Southern sky frdere
a most part of first candidates on cosmic neutrinos has been detected@yble[[R]. They have
not been identified with known sources because of 10-15 degreetainties in reconstruction of
neutrino induced cascades in polar ice. Unique optical properties ofdt@IBleepwater give an
advantadge in angular resolution down to 4 degrees or less in detectitremrikov photons from
electro-magnetic or hadron showers produced by high energy nesitrin@ke Baikal.

The site chosen for the experiment is in the southern basin of Lake Baikes, the combina-
tion of hydrological, hydro-physical, and landscape factors is studibd tuptimal for deployment
and operation of the neutrino telescope. The water depth is about 136distaances beginning
from about of three kilometers from the shore. The water transparisncliaracterized by an
absorption length of about 20-25 m and a scattering length of 30-%0.nTg water chemilu-
minescence is moderate at the detector site. Baikal-GVD is a three-dimenisitical of optical
modules (OMs), that is photomultiplier tubes housed in transparent peesgheres, arranged at
vertical load-carrying cables to form strings. The telescope has a nradulature and consists of
clusters of strings, functionally independent sub-arrays, which@areexted to shore by individual
electro-optical cables as shown in Hp. 1 (left). Each cluster has a tetring identical to seven
others distant at radius of 60 meters in baseline configuration.

2. First demonstration cluster - Dubna

In April 2015 the first Baikal-GVD cluster namddubnawas deployed and started operation
in Lake Baikal following timetable of the projedi[fll, 3]. The Dubna clusterieses 1.7 Megatons
of fresh Baikal water. The cluster comprises a total of 192 optical modutasiged at eight 345
m long strings, as well as an acoustic positioning system. There is also amesitiation string
with equipment for array calibration and monitoring of environmental paraset&rtistic view
of the Dubna cluster is shown in Fi. 1 (right). Each string comprises 24 €pdsed by 15 m at
depths of 900 m to 1250 m below the surface. In 2015 seven side stravgshieen located at a
reduced radius of 40 m around a central one. The reason is to iedieasensitivity to low-energy
atmospheric muons and neutrinos which are used for array calibratitime hrext year, strings will
be moved to the baseline distances.

A section is the basic detection unit of the GVD neutrino telescope. It conspt®ptical
modules (OM) and a central module (CeM). Among the basic functions of @lsletection of
the particle radiation; shaping of the output analog pulse for signal trasemito the ADC board;
control of the PMT operation modes; calibration and monitoring of the paras@t®©M electronic
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Figure1: Artistic views. Left: Layout of the GVD. In inner box the onuster is shown. Right: The first
GVD cluster Dubna.

components. The block diagram of a section and OM view are publishedezts§,[1[b]. Each
optical module consists of a pressure-resistant glass sphere of 43iaomater which holds the
OM electronics and the PMT which is surrounded by a high permittivity alloyedag shielding
it against the Earth magnetic field. A large photomultiplier tube Hamamatsu R7TB ith a
10-inch hemispherical photocathode and quantum efficiency up to 35%e®m selected as light
sensor. Besides the PMT, an OM comprises a high voltage power suppl{H¥), a fast two-
channel preamplifier, and a controller. For time and amplitude calibration ofifasuring channel,
two LEDs are installed in the optical module. The OM controller is intended for Bistrol and
monitoring for PMT noise measurements and for time and amplitude calibrfition [4].

The PMT signals from all OMs are transmitted to the CeM via 90 meters of cocaimés,
where they are digitized by custom-made 12-channel ADC boards with 280 $admpling rate.
The slow-control board located in the CeM provides data communication bet@® and CeM
via an underwater RS-485 bus. Also, this unit is intended for OM powetrab(to switch power
on/off for each optical module independently). The ADC board providgger logic, data readout
and digital processing, and connection via local Ethernet to the clust€ #ter, control of the
section operation and the section trigger logic. A request analyzer foersettion trigger request
(local trigger) on the basis of channel requests L (low channel tbtési0.3 p.e.) and H (high
threshold, 3 p.e.) from 12 ADC channels. This unit contains a programroalrieidence matrix
(12Hx212L), which provides a simple way to generate the section triggetestq There are two
basic trigger modes: (A) coincidences®N L-requests within a selectable time window, or (B)
coincidences of L and H requests from any neighbouring OMs within #osecA request of the
section trigger is transferred from the Master board through a string canaation module (CoM)
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to the cluster DAQ-center, where a global trigger for all sections is geeer Data from the strings
are transferred through DSL-modem Ethernet channel to the clusitarcéhe data transmission
between the cluster DAQ-center and shore station is provided througlalfibier lines extended

at about 6 km.
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Figure2: Left: Integrated number of recorded events since April 2QRight: The time difference between
subsequent events is shown for one run.

In 2015 the Dubna cluster is operating in several testing and data taking n&ides Aprile
till June about 1.71.0° events have been recorded. Stability and efficiency of the clustertapera
during 2015 are illustrated in Fig.] 2 (left) by integral rate of general tniggguality of data is
seen in Fig[]2 (right) with distribution of time difference between subseqgasarits for one run.
Obtained exponential behavior is consistent with expectation for randastiipdted experimental
events.

3. Performance and sensitivity

The first cluster of Baikal-GVD in its baseline configuration will have the pti&d to detect
astrophysical neutrinos with a flux value measured recently by Ice@]b& fie search for high-
energy neutrinos is based on the selection of cascade events getgratarino interactions in
the sensitive volume of array. After applying an iterative procedureeotex reconstruction fol-
lowed by the rejection of hits contradicting the cascade hypothesis on eeativitestage, events
with a final multiplicity of hit OMsNy;; > 20 are selected as high-energy neutrino events. Shower
effective volumes for two GVD configurations are shown in [fig.3 (left).o8ér effective vol-
umes (11/3 condition - at least 11 hit OMs on at least 3 strings) for GVD&dahout of 0.4-2.4
km?® above 10 TeV. The accuracy of shower energy reconstruction witl @¥hfiguration of
10368 OMs is about of 20—-35% depending on shower energy, whiletidinal resolution (median
value) is 4, which is substantially better than the 10-15 degrees accuracy for bee@l The
expected number of background events from atmospheric neutrinosnglstsuppressed for ener-
gies higher than 100 TeV. We expect about one event per yeaEyjth100 TeV from an all-flavor
astrophysical flux in GVD-cluster with the normalizatiofsEFlux = 3.610°8 GeV cnt? s 1sr
compared to about 10 events in IceCube. Preliminary estimate of the cluss&ngty to one fla-
vor neutrino flux with arE —2 spectrum and flavor ratio 1:1:1 for all-flavor flux as function of the
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observation years is shown in Hip.3 (right), with no systematics accountee Hear exposition
allows sensitivity at a level of flux value measured by IceCube.
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Figure 3: Sensitivities of GVD configurations to neutrino induced wbes. Left: Effective volumes of
cascades detection. The curves labeled by &/Bnd GVD relate to configurations with 10368 OMs and
2304 OMs, respectively. Right: Cluster sensitivity for dievor neutrino flux with an E? spectrum as
function of the observation years. The long-dashed lineatds the one flavor neutrino flux value obtained
by IceCube.
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Figure 4: Left: Neutrino effective area of single GVD cluster (tothlack) and averaged over neutrino
spectra effective areas for different channels (color)ghRi Sensitivity of GVD to tau-channel of dark
matter annihilations in the Galactic Center in comparisdth wther experiments.

We studied the GVD sensitivity with 12 clusters to neutrinos from dark mattehgations
in the Galactic Center for 1 year of livetime observatiofror this study we apply a muon trig-
ger formed by requirements to select events with at least 6 fired OMs oasdt3estrings (3/6).
The neutrino effective area for selection (3/6) as a function of neutrimergy for one cluster is
presented in Fif}.4 (right) by black line. We choose a search region asesacound the direction

1For case of DM decays in the GC and for more details see Bef. [6] d@ckrees therein.
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towards the GC with half anglgpy. The expected number of signal events in the search region for
the livetimeT is estimated as follow

_ - (oAY)RoPigcar dN,
N(wo) =T S JAQ/dES(E)dE. 3.1)

HereS(E) is neutrino effective area of the telescope. In Fjg. 4 (left) along witlcétfe area of one
cluster (black) are shown effective areas averaged over neupéubram‘f,—'\é“ in given annihilation
channel.

We considebb, 7+7-, utu~, WrW~ andvv channels, where in the latter case we assume
flavor symmetric annihilation. Neutrino spectra from dark matter annihilatiore en taken
from [[}]. The astrophysical factalro here is an average value over the search region. The ex-
pected upper bounds on dark matter annihilation cross section have laémed from this equa-
tion. There are several theoretical uncertainties in the number of sigaeatsrelated to neutrino
oscillation parameters, neutrino-nucleon cross section etc. Howevenasiemportant of them is
the uncertainty related to lack of knowledge of dark matter density profiletheasC. Our study
shows that 1 year GVD sensitivity with incorporated realistic efficiency systematic uncertain-
ties achieves values 8024 cm®s~? for dark matter annihilation cross section and 2L0?° s for
DM lifetime in the most energetiev channel.

To summarize, since April 2015 the data taking with the first full-completed cl@aibna of
the Baikal Gigaton Volume Detector has been started. The array comp@igesplical modules.
The modules are arranged at depths down to 1,300 m. Over its next stagestuction, the tele-
scope will be stepwise extended by deploying new clusters. By 2020, l@nsgd to be consisted
of 10-12 clusters with a total volume of about 0.4 cubic kilometers.

The work of S.V. Demidov and O.V. Suvorova was supported by the R3&# §j4-12-01430.
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