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Baikal GVD
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Baikal Gigaton Volume Detector (GVD): .

GVD 4*GVD
(2020)
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Baikal-GVD

Baikal Gigaton Volume Detector (GVD) is targeting on VHE neutrinos
from astrophysical sources visible in gamma-rays either invisible DM clumps

Research&Development Prototyping&C  Data taken 1st cluster 12
2008 2009 2010 ‘2011 2012 2013 2014 2015 2020
ﬁ

30 - Expected #events from IC flux
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cumulative #events
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E> 100 TeV: ~1 event/cluster/year
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Cherenkov light detection in Baikal Baikal-GVD

The Baikal site and water properties
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Absorption length — 22-24 m ; Scattering length: 30-50 m
3.6 km to shore, 1370 m max depth (Lys ~ 300-500 m)

W

. * No high luminosity bursts from biology.

*  No K* background.

* Deployment simplicity: ice is a natural deployment
platform

Telescope installation, maintenance, upgrade and rearrangement

Installation & test of a new equipment

- All connections are done on dry

- Fast shore cable installation (3-4 days)
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ince April 2015 the 1°t cluster «Dubna» is operating
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Baikal-GVD

April 2015: first cluster of the GVD

* 192 OMs located at 8 strings;
- 2 sections per string
-12 OMs per section
- each OM spaced by15 m

(DCO0000 ¥

» DAQ-center 5%
» Optical cable to shore §
» Acoustic positioning system; o]
10
°e
« Active depth 950 — 1300 m lg

the peripherical strings have been located at a
reduced radius of 40 m around a central one
(compared to 60 m for the baseline configuration)
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Basic element Baikal-GVD: first cluster Dubn

Optical module design

R7081 Quantum Efficsncy
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Basic tests

Baikal-GVD: first cluster Dubna

Optical module: functions and calibrations

Basic functions for section operation

» Detection of the particle radiation

» Shaping of the output analog pulse for
signal transmission to the ADC board

e Control of the PMT operation modes

e Calibration and monitoring of the

parameters of OM electronic components.

Fully automatized test procedures

Adjustment of the PMT power supply volt.
* Performance with oscilloscope LeCroy

* SPE spectrum, threshold 0.2SPE

* Nonlinearity of measuring channels

(LED pulses, linearity range ~100p.e.)

Electronic components, stress tst, modes var.
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Basic elements of the DAQ Baikal-GVD: first cluster Dub

Section: 12 OMs and CEM

uest
90 m Trigger
oM1 12-ch ADC
board oot g
90 m Eth t
OM 2 ' ) erne §

IR S-485

@ modem
12V

=== Slow control Power unit

90 m board
OM 12 4———» th

12-channel ADC unit: PMTs analog pulse conversion. time synchronization.
data processing. local trigger.

Data transmission: Two outputs of ADC board: optical output (for future detector
extension) and 100 BASE-TX (present stage).
shDSL modem: Extending the Ethernet line up to 1 km.

Slow control board: OM power on/off and control of OM operation (RS485).
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Basic elements of the DAQ

Baikal-GVD: first cluster Dub

Triggering and Data Transmission
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Stability of the cluster operation Baikal-GVD: dirst cluster

‘Performance of acoustic positioning system in 2015

» dataevery 30 seconds

Performance of acoustic positioning system: L g\é?c g
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Stability of the cluster operation Baikal-GVD: dirst cluster

X-X,, m

Performance of acoustic positioning system in 2015
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OM rates

Baikal-GVD: first cluster Dub

Operation-2014, 2015

Countivng rates of OMs
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Detection of muons Baikal-GVD: first cluster Dubna

Atmospheric muons o F
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Stability of the cluster operation Baikal-GVD: first cluster Dubna

Operation 1n 2015yr Cumilative number of events
Master statistics
% 18000
(24 March — 10 February) - 294 days = et
& 140007
. o 12000;
* Operation: 213 days S 10000,
* Efficiency: 72% i
* Number of runs: 662 é ol
. . 9 S o ‘ ; -
* Data 16 10 events 2 15(/)03/02 15/05/02 15/07/02 15/09/01 15/11/01 16/01/01 16/03/02
* Event rate ~ 100 Hz yy/mm/dd
* Life time ~ 184 days AT between subsequent events
z 10* : Run e0101
103 = e \:":?.;___“..:,.'
10°F e
g ""A—..-u‘.,.!

1 é1 oo 1y by s by oy by by by by
0 0.050.10.150.2 0.25 0.3 0.35 0.4 0.45
Time difference, seconds
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Baikal-GVD
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‘ Performance of cluster 2015 (malfuncions)

String 1, 3 and 7 were deployed in first stage with electronics of 2013-14
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Data sample Baikal-GVD: first cluster

Operation 1n 2015yr: data sample for Reco&A

Master statistics

18000
16000
14000
12000
10000
8000
6000
4000
2000

|!||IH‘II ||H, TT IIWI I|HI|HI| IT

0 ! ! ! | ! | | ! ! | 1 ! | ! |
15/03/02 15/05/02 15/07/02 15/09/01 15/11/01 16/01/01 16/03/02

yy/mm/dd

Number of records * 10°

Dates 24.10.2015 + 17.12.2016, LT= 41.64 days.

Config: 7 strings; different cnfgs/runs.

Trigger: L&H th = 1.5p.e.&4p.e. coincidence
of two neighboring Oms.

> Statistics: 437 970 024 events

» After causality cuts: 18 840 822 events
Nhit > 3, |t|'tJ| < AF,J/V + 61:)
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Calibrations

Baikal-GVD: first cluster Dubna

Time calibration — two methods

Measurement of signal delay
of each channel

PMT signal delay = dt-dt,

Amplitude, code
w
2
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-
2
I L

_£
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Ch. #25

test Imp.

dt,=500ns | LED

dt

L

ol Il ' PR PR BRI PUTES I [ AT R |
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time, nc

Signal delay in cable (~90 m)
1s measured in lab.

Amplitude, code

O
LED

10?

reflected
pulse
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300 3000

two LEDs

Time difference
of two channels

15 m- distance between OMs
dT,= 64.9 ns — expected
time difference

Mean =-0,6 ns; Sd=1,8 ns

12
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Calibrations Baikal-GVD: first cluster Dubna

Reconstruction of laser-light source position

» Laserand OMS coo@ina{tes from 2 1 Nhit (T (.’L’ Yy, <, to) — 1, )
. (’}?;e iftjseti (t)f (?))MstfromgI:E}],Dt Xt o (N hit — zzl O-tz ’
. Iizll‘;]zirsgfen construction procedure —
OMs with residual 3t > 15 ns are
excluded from analysis
External calibration laser:
= 100¢ ,
30 - Laser reconstruction
= - - 480 nm light pulses
60
401 Strings e - Five fixed intensities:
201 ~1012— 61013 11 / pulse Al
oE ¢ ¢ (~10 PeV — 600 PeV shower i
- ener
220 - . o gy)
-40 - ) - Distances: 50 — 250 m.
-60 5 laser
-80F
100:| Lot g b b b b b o
-60 -40 -20 0 20 40 60 80 100

X, m
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Calibrations Baikal-GVD: first cluster Dubna

LED-beacon - calibration light source for shower detection
(run e621)

LED-source coordinates:
X=-354m;,y=-16.1Mm;2z=89 ™m

w | wa A

£ SE i
o (F-LEDbeacon wm X=34m l“’
i E y,=16.1m
P = —
-0
15F =
20
25
E
_35;_IIII\\\IIIIIIIIII‘\III PR S T T [ S M A AR |
55 50 45 40 33 3 25 - -I5
Xl‘?tfm
Coordinates reconstruction
g 10
4 ! s
g 4 LED beacon N 105
g 100F
3 95F
i 90F
20 852
B 80F
10 755
5 3
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0 2 4 6 8§ 10 12 14 16 18 2 W 235 3N 3B 4 45 0 55
lu

Reconstruction accuracy 4m
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Calibrations

Baikal-GVD: first cluster Dubna

‘Calibration with matrix of LEDs

Source of light is a matrix of 6 pairs of
LEDs, while light directed on top and
horizon. Coordinates from EvolL APS.

OM#186

Events

Time delay of OMs on strings 2 and 8:
mean dT=142 ns, RMS =7 Hc

Time delay OMs on strings 8 u 5

g 145 ]‘
143 g
l_‘ prey
o 142 I
141 h I 'y
140 - l i
139 - I
T T T T T T I T 1
38 39 40 41 42 43 44 45 46
Channel number
E_ htemp
1400; OM186 vs. OM114 Entries 44182
1200 = Mean -36.19
1000:_ RMS 4.805
800~
600
400;—
2001
0==%5~ B0 45 40 B 80 B 20
AT -ATy, ns
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Calibration with matrix of LEDs

Reconstruction of cascade direction and energy

Lg= —Z,N_hf In Pi(Ai: Eshsﬁsh(g~(P))'

where P; calculates in respect of tabulated fipe(p,z,0,¢,7)

LED beacon

cc cc

| I
o) o)
. P
\ C o)
! \ Y ~
{ \ Q )
R
o) )
L
{ ¢
A &
Q O
Y J o Q
\ o O
¢
Q
1§

OM#186
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Expedition 2016
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Baikal-GVD

April 2016: extension of the 1%t cluster GVD by 3rd sections

Upgrade of DUBNA array in 2016

» 96 OMs at 8 sections

> Replace system modules on Str.#7

» Replace acoustic modem on Str.alﬂ

» 288 OMs at 8 Strings
3 Sections per String

12 OMs per Section
> DAQ-Center
» Cable to Shore
» Acoustic Positioning
System
» Instrumentation String
with detector calibration
and environment moni-
toring equipment
» Two LED beacons for
interstring calibration

Active depth 750 — 1275 m

Instrumented volume 6.0 Mt

O - DAQ center
O - Instrumentation string
O - OE Cable Buoy Station

| 5 O-
: g@
: e
RIS, dl
. O
* ] l O
SR ; » O
b 2 £ o
1 : g
Rl | B S
L | ° o
o } o_
@
e g
{ ) &
R~ 60 m g

B &

525 m

Olga Suvorova (NR) 6" RICAP: Roma IC on AstroParticle Physics

Villa Tuscolana, June 2125, 2016




Baikal-GVD in the Global Neutrino Network Baikal-GVD: first cluster Dubna

‘ GVD with 12 clusters and more; Performance

— i (o
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The first cluster Dubna Baikal-GVD

Sensitivity of the cluster to neutrino induced showers
IC flux for one flavor
1.2:108 E2GeV-' cm2 s sr -
4.1-10° E24 GeV-' cm? s sr -

f [ : : :
S E l N> 20 OM
: 10—1 E_ ..................... B,
@Y =
= B
2 102
o
=
107
10»—4 ............................................................................... l
4
loglO(E/TeV)

Expected number of events with selection (E_, >100 TeV, N, >20):
0.4 — 0.8 for 1 yr exposition; (1:1:1, without systematics)

0.05 evt - atm. v;

0.05 evt —atm. u
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Baikal-GVD: first cluster Dubna

Events

Events

Hit OM multiplicity vs cuts reconstruction of showers

Reconstruction of shower

10 coordinates (?) 1171077
10 After quality cuts 316229
10 k-
1tr"fg
0 E Reconstruction of shower energy and
oE direction (LLH) 12931
4 - Esh > 30 TeV 1291
1 s B o B e B
25 30 _%5
10 E
5 >30TeV 1201
e >60TeV 859 No events were found with
g >100Tev 539 Esh>100 TeV and Nhit>20 Oms
10 -
So far there is no candidates on
L astrophysical neutrinos yet
4 6 0 12 14 16 \ 18

hit
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Detection of muons Baikal-GVD: first cluster Dubna

«Dubna» big shower (Nhit=18)
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Detection of muons

Baikal-GVD: first cluster Dubna

Selection of nearly vertically upward and Nearly vertical event

going muons
» Section with >3 hit OMs

» Mean signal pass velocity between
fixed OM and other hit OMs
0.2<v, <04m/ns

_ 1 %
= Z -
» Mean sugnal pass velocity along section
0.26 < v <0.34 m/ns

1
Usec = EZ Ui

Het OMs multiplicity

Events
T

10°

1 IIIIII

T

1

10
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Baikal-GVD: first cluster Dubna

Reconstructed events with Esh>1 TeV: red marked
events are with Zenith > 90°

51 0.9
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Baikal-GVD: first cluster Dubna

Reconstructed events with Esh>1 TeV: red marked
events are with Zenith > 90° and Esh>100TeV
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Sensitivity on astrophysical neutrinos Baikal-GVD: first cluster Dubn

Sensitivity to neutrino induced muons
Expected rate of muons

Model dependent function
‘/ \

N j‘ Aeff(Ev e\" ¢v) dE d dEv dQ\»

Detector function

DATA ?=|SIGNAL'V +ATMV  +ATML | +KHz noise

Bright Point
fromv N MC estimate
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Sensitivity to dark matter annihilations in the galaxies Baikal-GVD: first cluster Dubn

GVD sensitivity to DM annihilations in the GC
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Sensitivity to dark matter annihilations in Galaxy Baikal-GVD: first cluster Dubn

Stringent bounds with Nts on the galactic DM

Comparison for annihilation \\ — v

-18
10 , ey —
IC79, GC, 2015
E IC, Halo (2014) ——— |
107 | ANTARES 2007-2012, GC, 2015 - - 3
[ NT200, GC 1999-2003, prelim. ]
GVD 1 yr, sensitivity ———
- 102
E -21
’l 10 el
¥ seml
102 |
1074
10

Olga Suvorova (NR) 6" RICAP: Roma IC on AstroParticle Physics Villa Tuscolana, June 2125, 2016



number of events

Sensitivity to extra galactic DM sources

Baikal-GVD

‘ Reticulum2: angular functions
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Sensitivity to extra galactic DM sources Baikal-GVD

\ Ret2 and Seg1 dSphs
Upper limits for (oav): for Segue 1 (solid) and Reticulum 2
(dashed)
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systematic uncertainties: experiment (about 30%) and theory (up
to 15%) with astrophysical uncertainties
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Sensitivity to extra galactic DM sources Baikal-GVD

‘ Combined analysis with 5 dSphs: Sculptor, Coma
Berenices, Segue-1, Reticulum2 and TucanaZ2
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Baikal-GVD

The GVD-1 timeline

Cumulative number of clusters vs year

Cluster

192 OM 192 192 576 960 1344 1920
Cluster- 2/3 1 2 4 6 8
288 OM 192 288 576 1152 1728 2304

Effective Volume (km3) for cascades
with E>100 TeV

0.48
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Baikal-GVD

SUMMARY

The first cluster «Dubna» of the GVD in Lake Baikal demonstrates its
stability during working regime since April 2015. Appeared malfunctions
or failures have been mostly resolved in 2016 expedition.

In April 2016 the «Dubna» has been upgraded to baseline configuration
comprising 288 OMs and extending its instrumentation volume up to 6Mt.

Preliminary results are obtained in HE cascades reconstructions for 41.64
life days of the cluster “Dubna”.

Improvements in UpL are expected in targeting of DM in the GC with the
GVD-1 compare to the NT200 and searches of the dSphs.

By 2020, the GVD phase-1 (10-12 clusters) 1s planned to be completed.
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Baikal-GVD: first cluster Dubna

Backup slides
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