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Lake Baikal in winter



Lake Baikal in other seasons



Winter expedition: 15 February - 15 April



Winter expedition: 15 February - 15 April



Strong ice cover 

Winter expedition: 15 February - 15 April

Shore cable deployment



Maintenance

Winter expedition: 15 February - 15 April
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Site of Baikal Underwater Neutrino Telescope

>250 km3

Sketch of prototype cluster, 
neutrino telescope NT200+, 

and communication lines 
locations.

~ 3.6 km to shore, 
1070 m depth  
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Байкальский НТ-200+  
Фотодетектор

ы Квазар
 (∅=37cm) NT200:  8 strings (192 OM s)

Height x ∅ = 70m x 40m, 
V inst=105m3

Effective  area: 1 TeV~2000m² 
Eff. shower volume:   10 TeV~ 0.2 M ton

NT200+ = NT200 + 3 outer strings 
(192+36 OM s)
Height x ∅ = 210m x 200m, 
V inst  = 5×106m3

Eff. shower volume: 104 TeV ~ 10 M ton

Quasar photodetector
 (∅=37cm)

2005 - NT200+

Baikal Underwater Neutrino Telescope:                 10 MT             

1998 - NT200

~ 3.6 km to shore, 1070 m depth  
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Gton Volume Detector in the Lake Baikal:   TDR 2011

http://baikalweb.jinr.ru/GVD/



Present and nearest future
       2012

3-strings, first full
scale GVD  string

      (24 ОМ)
Data taking since 

April  2012

       2013
 Detector with 3 full scale 

GVD strings

  2014-2015
 Cluster (8 strings)

∼4×106 м3∼106 м3

DAQ

DAQ DAQ

DAQ DAQ DAQ
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Skymap of  visibility for Baikal Underwater Neutrino Telescopes
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Site:    Lake Baikal 
Longitude: 104.33 E 
Latitude:     51 .83 N 
Baikal NT200,+,GVD



        О.В.Суворова                                                                            физфак, МГУ                                                                   О.В.Суворова                                                                            физфак, МГУ                                                                                                         2012/12/192012/12/19  

p, He, …

N
N

A

π± (K ±)

µ±
νµ

νµ

νe

e±

Possible channels of “prompt” neutrinos:

χχ → τ+τ- → µνµντ  

χχ  → W±H±

→ τ± ντ

 ll, bb, tt, cc,  Z0Z0, W±W±, 
ZH0, Zh0, H0A0, h0A0,W±H±

→ l± νl

       <σAυ>i

        Σ<σAυ>i
Bi=

hadronization,
fragmentation,
decays

Branching of  i-channel

 * In atmosphere of the Earth:  ** Non-atm: DM annihilations in the Sun

Neutrino fluxes from  p-A and χ-χ   

χχ →  

E-α 

α≈ −2.7

α > −1.5
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(see talk by S.Demidov)

Transport of oscillating DM νµ and anti-νµ from the Sun to observer
Annihilation channel  -  bb, DM  mass   - 10 GeV/c2

Annihilation channel   τ+τ-

DM  mass   - 10 GeV/c2

Annihilation channel  -  W+W-, 
DM  mass   - 200 GeV/c2
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Baikal NT200: MC and Reconstruction

µ↑

µ↓

Eth   10GeV 
<Ѱ> ~4 deg.

NT200 soft: I.Belolaptikov et al.,
Astropart.Phys. 7, 1997

MUM code: I.Sokalski, E.Bugaev, 
S.Klimushin,  Phys. Rev.D64, 2001

1998-2002yr: 1038 days l.t.
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Baikal NT200: 1998 — 2002 years

Measured backgroundMeasured background
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Baikal NT200: 1998 — 2002 years

  - calcul  follow to  FC:  
 
   

NUpL G.Feldman & R.Cousins,
Phys.Rev.D57:3873-3889, 1998
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Muon flux detected by NT from neutrino scattering νµ-N
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Baikal NT200: 
Effective areas for neutrinos expected from DM-DM in the Sun   
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Baikal NT200:
Optimal cone toward the Sun in search for muons from DM-DM 

 In results, the expected signal parts within optimal cones 
are collected: in bb ~65%, tau-tau or WW ~ 70%

<n_Poisson>
n_expected_in_cone

MRF
G.Hill & K.Rawlins
arXiv:astro-ph/0209350



Upper limits on  χ−χ annihilation Rate and on µ and ν Fluxes
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Annihilation  rate

µ-Flux:

ν-Flux:

Annihilation branching ratio

Probability to detect muon 
from one χ−χ annihilation
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Baikal NT200:
90% C.L. Upper limits on muon fluxes from DM-DM in the Sun

PRELIMINARY
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Baikal NT200: preliminary
90% C.L. Upper limits on muon fluxes from DM-DM in the Sun
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Baikal NT200:
90% C.L. Upper limits on  χχ annihilation rate in the Sun

PRELIMINARY



σ
ΓA

 · ΓA
Upp.Lim. = σUpp.Lim.(mχ)

σ
Fµ

 · Fµ
Upp.Lim. = σUpp.Lim.(mχ)

≡λ

G.Wicstrom and J.Edsjo, 
arXiv:0903.2986, JCAP

Universal for any NT and model 
independent, although  includes astro- and 
nuclear physical uncertainties

S.Demidov and O.Suvorova, 
arXiv:1006.0872, JCAP

How to calculate Upper Limits on χ-N cross section 

                O.Suvorova                                O.Suvorova                                EPNT2013-MarseilleEPNT2013-Marseille                                03/04/2013                                03/04/2013



                O.Suvorova                                O.Suvorova                                EPNT2013-MarseilleEPNT2013-Marseille                                03/04/2013                                03/04/2013

Baikal NT200: Preliminary
90% Upper limits on spin-dependent DM-proton cross section σχ-p 



                O.Suvorova                                O.Suvorova                                EPNT2013-MarseilleEPNT2013-Marseille                                03/04/2013                                03/04/2013

SUMMARY

·A new DM analysis is presented with Baikal NT200 dataset of 
1998-2002 years.

·No excess is observed toward the Sun for 1038 days of L.T.

·Are shown the preliminary results of 90% Upper limits on muon 
flux, DM self-annihhilation rate and DM cross sections of  elastic 
scattering off proton . 



Baikal Cold Matter:
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Thank you !    
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Thank you !    
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