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Deep underwater/underice particle detection

1960 - M.Markov: neutrino detection in natural
transparent media (lakes, ocean, ice):

* - huge size (up to km?3 scale) detectors
(AMANDA 1I ~ 1.5 Mton)

Optical Module sensitivity
(Baikal experiment)

* - given optical parameters of medium, detection ”E 108 NE
volume/area depends on cascades/muons energy | ~ cascades a muons
(Baikal (NT-200) ~ (0.1 - 6) Mton for = .

(103 - 10%) Gev cascades energies) 107
10’
Cherenkov radiation intensity FY(L) ~ Iy (E) exp(-L/L,)
I~0.6E /TeV, I ~103E_/TeV
Y H Y s
10°

Nowadays operating neutrino telescopes:
Baikal (NT-200) - Lake Baikal 103
AMANDA II - South Pole '

10°
Optical properties
abs.,m | scatt., m | Las, m | dt,ns (60 m from p)
Baikal | 22-24 |30-50 18-20 1.5 104 | | i
AMANDA | ~100 | ~3 24-27 |250-400 0 2 4 6 -1 0 1 2 3
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The Baikal Telescope NT-200

NT-200 location and design

Selected results
NT-200+ status

Conclusion






The Site

2 4 Cables X 4km to
shore.
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-« Ice stable for 6-8 weeks/year:
ﬁ — Maintenance & upgrades A
' — Test & 1nstallation of new equipment

— Operation Of Eﬂ*nv'Pnr\o AatantAra (HF AQ

- Winches used for
deployment




absorption cross—section, m™

Baikal - Optical Properties
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| - pairwise coincidence
- 96 space points
- calibration with N-lasers
- timing ~ 1 nsec
- Dyn. Range ~ 1000 pe

Effective area: 1 TeV ~2000 m?
Eff. shower volume: 10TeV ~0.2Mt
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Optical Module — Pair
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Atmospheric muon flux as a calibration source

Time difference distributions (ot = t,-t.;)
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Selected Results

- Low energy phenomena

atmospheric neutrinos
neutrino signal from WIMP annihilation
- Search for exotic particles

magnetic monopoles

- High energy phenomena

neutrinos from GRB
prompt muons and neutrinos
diffuse neutrino flux



Atmospheric Muon-Neutrinos

3-dimensional reconstruction
> 84 events 1998+99 AY ~ 3°
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Detection area of NT-200 for
vertically up-going muons
detection (after all cuts)

WIMP Neutrinos from the
Center of the Earth

X + y b+b 0 -01.95-6.9—0'.55-6.8—0;.75-0.7-0..65
A c+ 7 + v cos(®)
M

—> W*+W-



-~ WIMP Search

Neutrino induced muons

bEvents
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WIMP Search

Applied cut‘s efficiency
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~ WIMP Search

Angular distributions § |
(502 days, NT-200) atm. neutrino flux - Bartol-96

F ,(Honda et al. - 04) = 0.7 F  (Bartol-96)

2 20
I : 98-99 -
7.5 24 events - experiment
= o 36.6 events - expected without
12.5 "_"'_'2 ' . =
L oscillations
i 29.7 events - expected with
- = = - oscillations
25 | |
0-‘; 095 09 -0.'85 0.8 -0:‘75




-~ WIMP Search

Excess neutrino induced upward muon flux 90% c.l. limits from the Earth
(502 days of NT-200 livetime, E, 6 >10 GeV)
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Search for fast monopoles (3 > 0.8)

N, (L) = n?(g/e)*N, (1) =8300 N, ()
¢ =137/2, n=1.33

Event selection criteria:

hit channel multiplicity - N,, > 35 ch,
upward-going monopole -
2(z-z)(t-t)/(cc,) > 0.45 & 0> 100°
Background - atmospheric muons

mmmmm o oo Nop o GES HADULONSorer 1 cois 199900
450 = hit . s
Entries 3422
Meaon 33.67
400 J[ ‘ RMS 5.141
350 -|:‘+ Niot .ge. 35 ond Tz .ge.0
300 Solid — Ex
_.l. mmmmmmm
200 :If : 7:_ .
re HI
H 3
100 o g
A ﬂ#
= Pt e
= e
o -;.L:n-+l'"+ +";7'+-q".4q,
20 30 &

780 livedays
Monopole limit (90% C.L.)

=
", Soudan
un
e;w KGF
. .15
510
N
=
E Ohya
i -
210°l MACRO
=)
= Baikal (98-00)
-17
10

05055060650.70.750808509095 1

B=v/c



Search for slow massive monopoles (10> <3 < 10-3)

6,,=0.17c,/p?, 10-5<B<103
M+p—> Me (+7...), N ~105

5888838
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Magnetic monopole detection boundaries

NT-200 - detection of massive bright objects
(GUT-monopoles, nuclearites, Q-balls ...)
monopole trigger: N,.>4 within dt=500pusec
selection requirements - N, >1 with N,.>14
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Search for High Energy -

Cascades
= NT-200 |

Look for upward
moving light fronts.
Signal:

isolated cascades from
A heutrino interactions

“““

V Background:
H (BG) Bremsshowers from
h.e. downward muons

e
/ offective yolur™ Final rejection of background
\arge by .energy cut” (N anmer)

21



High energy cascade selection:
t .. = min(t- tj ), j>1 = cascades below NT-200
N hit — 15 ch. = hit channel multiplicity

Events
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hit channel multiplicity
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Search for neutrinos'correlated'to'Gamma Ray Bursts

April 1998 - February 2001:

N, =722 BATSE events

tot

NT-200: N,.>10 & t_. >-10 ns &

90% C.L. limits on neutrino flux from GRBs:
Npie>34 —>1 selected event, N =0.47
F(E)=A,, 0(E-E;), A, =Ny/S(Ey)

tparsg=100 ns <t <ty g1+100 ns

Triggered GRB All GRB

N  Signal Backgr. Signal Backgr.
15 91 94 172 167
20 11 13 D) 23
25 1 2.8 5 5.2
30 1 0.86 3 1.6
35 0 0.28 1 0.47
40 0 0 0 0.056

Data consistent with expected
background from atm. muons

Ig(Fv/icm-2)

Agr = Aot/ Niot

.................................................................................................
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Event selection criteria

* - experiment
e - atm. muons background
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Sources - decays of short-lived
particles (A, D, ...)
® ~ @, — isotropic for E <107 GeV

90% c.1. limits for prompt p and v, fluxes

(780 life days)
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Neutrinos -v,, v.: cascades (CC, NC)

A E-28, E<E, =3 10° GeV
D =

A E 4 E-3, E>E =310°GeV
Muons: cascades (e"e, brem, ph.-nucl.)
CI)u=AME'2-6

Predictions:

ZHYV - E.Zas, F.Halzen, R.Vazquez-93

RVS - O.Ryazhskaya, L.Volkova, O.Saavedra-02

QGSM, RQPM - E.Bugaev et al.-89

TIG - M.Thunman, G.Ingelman, P.Gondolo-96

GGYV - G.Gelmini, P.Gondolo, G.Varieschi-02
(hep-ph/0209111)
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The 90% C.L. Limits Obtained With
NT-200 (780 days)
DIFFUSE NEUTRINO FLUX

(@, ~ E2,10 TeV < E < 104 TeV)

Detection volume, m

\Y
(i A MANDA 1T Ve:vy:v,=1:2:0 (AGN)
Ve:vy:v,=1:1:1 (Earth)
E2d,<1.0-10° GeV cm?s!sr!
10°
; E2®d, <8.6 107 GeV cm2s!sr! (AMANDA04
A%
W-RESONANCE
wsf: V,(NT-200) (E = 6.3 PeV, 5 = 5.3 103! cm?)
1 15 2 25 3 35 4 45 lgS(E jgr_zv)ﬁ ®,,<4.2 - 102" (cm?- s - sr - GeV )!

D, <5.0 -1020(cm?- s - sr - GeV )1 (AMANDA04)



Diffuse flux‘of Vg vywv i

Experimental limits and theoretical predictions

Models ruled out by AMANDA 04

SDSS - Stecker et al.92
SS - Stecker, Salamon96
SP - Szabo, Protheroe92

MPR - Mannheim, Protheroe,

Rachen
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Upgrade to NT-200+ |2004: two distant test string

2005: completion
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2004 S—
- new cable to shore i
- DAQ system has »\x\j

been improved :

- two of three outer
strings are installed

1170 m

“% 1240m
-8

Iy
oo 1310m

2.3 10 common events

are taken during 364 hours
life time (0.017 Hz)

1367 m




detection volume, m’
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A Gigaton (km3)
Detector in Lake
Baikal.

Sparse instrumentation:

91 strings with 12 OM

= 1308 OMs :>

> effective volume for
100 TeV cascades
~05-1.0 km?!

- muon threshold

between
10 and 100 TeV




CONCLUSION

- successfully running since 10 years

- strong 1n HE-diffuse search (shower) and

exotic particles (monopoles): “Mton detector” :

- good GRB-sensitivity, complementary to
AMANDA

- relevant other results: WIMP

- upgrade to NT-200+ 1n 2005

- R&D Gigaton Volume Detector (km3)
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10 year anniversary celebration

1993 - 2003




exabps 2003 - npedsapumenvHbvle pe3ynibmamol

IKCIEPUMEHTAIBLHBbIA MaTepuaJl

I'amMma-Bcmieckn (kcriepuMeHT BATSE)
2704 BATSE Gamma-Ray Bursts

Fluence, 50-300 ke (2rgs crm™)

BATSE GRB Final Sky Map

OcHoBHbIe mapameTpsbl GRB
- BpEMsI pETUCTpAIAH

- INIMTEIIbHOCTH

- HAIPaBJICHNUE HA BCIIBIIIKY

- SHEPIUs BCIIBIIIKH

_ Temn peructpaunu ~ 1 coObITHE/ IEHB

- OcnoBHoi katasior BATSE (triggered GRB)
Karanor IItepna (non-triggered GRB) ~ 80%
Hannbie ¢ 1991 mo 2000 roa




exabps 2003 - npedsapumenvHwvle pe3ynbmamol

JKCIEPUMEHTAIBHBIN MaTepuaJl
CoobiTuss NT-200

OcCHOBHBIC MapaMeTPbl COObLITHI

T - Bpewms perucrpanuu

M - MHOXXECTBEHHOCTh TPUITUPOBaHHBIX OM
(XapakTepu3yeT SHEPTUIO JIMBHS )

A t - pa3HOCTb BpeMeH cpabarbiBanuii OM
(XapakTepHu3yeT HapaBJICHUE MPUX0a)

Kpurtepuu oTré0pa coObITHI
M=>100M
At<10ns
P PeKTUBHO OTOMPAKOTCH TOPU30HTAJIbHbIC JIUBHU U JIUBHU U3

Tewmn perucrparny - ~1Qgjgcnei noJaycdepsl
Hanneie anpenb 1998 - dpepans 2000




exabps 2003 - npedsapumenvHbvle pe3ynibmamol

ITouck BpeMEHHBIX KOPPeasaiuu
Craructuka IRCIICPUMCHTAJIBHBIX /TAHHbIX

B ananusupyemsiii nepuoy arnpeib 1998 - despans 2000
¢ iepruoiom uyBCTBATENBHOCTH NT-200 coBnasio 386
GRB 1o ocnoBHoMy karanory BATSE u 336 no karanory

[ITepHa (>1 yaca Henpé{HisHO# 3Kcrio3uniu B odsactu GRB).
200

150+
100+
50
0+

E All GRB
B Up GRB
0 Down GRB

1998 1999 1998 1999
B B S S

KonnuyectBo GRB 13 ocHOBHOrO Karajora
BATSE (B) u karanora Illtepna (S)
Up, Down — GRB u3 BepxHeil 1 HIKHEH moiaycdepbl



Jlexkabps 2003 - npedsapumenvHwvle pe3yibmanbl

IToucK BPpEMEHHBIX KOPPeasiiuu

Ilovck KOppeJIUPOBAHHBIX BO BpeMEHH COOBLITHI B
o01actu GRB

OLEHUBAIOCH KOJIMYECTBO COOBITHM B MHTEPBaIax
dt=1, 2, ... 5 cexyna B oosmactu GRB (monck kiractepoB coObITHH C

MHOKECTBEHHOCTRIO K(P K=2 K=3
t Curman don Cur»an don

1 8 5.6 0 0.045
2 14 16.8 1 0.40
3 23 279 1 1.4
4 34 38.9 1 2.0
5 50 49.9 2 3.4




Jlexkabps 2003 - npedsapumenvHwvle pe3yibmanbl

IToucK BPpEMEHHBIX KOPPeasiiuu

AHaJIM3 KOPPeJaUMA IJIA Pa3JUYHbIX IOPOr0OB PerucTpauumn

OLEHUBAIOCH CYMMapHOE KOJIWYECTBO COOBITUM 1A
BceX GRB mpu paznmyHbIX MHOKECTBEHHOCTIX M

Triggered GRB All GRB
M  Curnan  ®oH Curnan ®oH
15 91 94 172 167
20 11 13 22 23
25 1 2.8 5 5.2
30 1 0.86 3 1.6
35 0 0.28 1 0.47

40 0 0 0 0.056




Jlexkabps 2003 - npedsapumenvHwvle pe3yibmanbl

IIpeaes HA NOTOK HEUTPUUHO

N _ Ny W[ AE)
F== FE) =155 F If(Ev)dEv

N, - Bepxauii 90% npenen Ha KONHMYECTBO COOBITUIM
S - adpexkTuBHAS IIIOIAb

A - HOpPMUPOBAHHBI MOTOK HEUTPUHO _

Suwuper-K 199&6-2000

Baikal -1992-1999

AMANDA 1997T-2000
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