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HeumpuHHbIEe menecKonol

O3. baikan
NT200/200+ — Baikal _GVD
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IIpoexkm 21y00K0800H020 HEUIMPUHHO20
meneckona BAIKAL-GVD (HT1000)

IlpyuopuTeTHBIE HANIPABJACHWUS UCC/IEJOBAHUN:

- [lorCK TOKa/IbHBIX UCTOYHUKOB HEMTPUHO | asakTU4eCcKou u
BHEra/IlaKTU4eCKOU NPUPObI TPU SHeprusx Boiie 1 158

- UccnemoBanue qudpPpy3HOTO IMOTOKA — IHEPTETUYECKOTO CIIEKTPA, IOKATBHOM
Y T/I00QTbHOM aHU30TPOITMHU, COCTABA IO TUIIAM HEUTPHUHO.

- McTOYHUKHM TepeMeHHOM CBeTUMOCTHU - TaMMa-BCIUIECKU U JP.

- [lorCK TpOsiBIeHSI MAaCCUBHBIX YaCTUL, TEMHOMW MaTepHUU.

- DK30THUKa: MarHuTHbie MoHOMONMH, Q-balls, nuclearites, u mp.

[amakTuyeckue /| BHerajakruyeckue 0OBbEKThI

~ [1BOWHbIE
cCUCTeMbl




Memoduka pecucmpauuu

-
o

T
—

Probability function

KacKaj
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cos (0)
HetimpuHHble meneckonsl npedcmasastom cobol
NpoCcmMpaHcmeeHHO-pacnpedenéHHyo CmpyKmypy
¢pomodemekmopos.

[Nonyuaemasn uHgpopmauyus — omkauk gomodemeKimopos Ha
UepeHKOB8CKOe U3Ty4eHUe.



The BAIKAL Site
Lake Baikal, Siberia
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Scattering cross section, m"!

Absorption cross section, m*

A, NM A, NM
1370 m maximum depth. Baikal water properties: Abs.Length: 22 £ 2 m
« Distance to shore ~4 km Scatt.Length: 30-50 m

e No high luminosity bursts from biology.
e No K% background.
» Deployment simplicity: ice is a natural deployment

platform
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Sky coverage

Location: 104°25' E: 51°46’ N

Visibility South Pole (IceCube) Lake Baikal

B 100% B >75%

O 0% O 25% - 75%
O <25%

TeV gamma-ray sources
@ Galactic
® extragalactic



Project time-line

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

Research & Development

Prototyping & Construction

Design, production and long-term
in-situ tests of key elements and
systems of GVD:

Optical Modules
FADC-readout system
Section Trigger Logics
Calibration system

Data Transmission

Cluster Trigger System, DAQ
Data Transport to Shore

“ngineering Arrays

3 full strings
(72 OM)

Prototype Strings | | Data Taking
$o) O Q
Q (190 (LQ'\ J 29»\'\ ‘),Q'\(L ) LQ'\".’) qp\(o Q(LQ

Cluster
8 strings

B-strings array (36 OMs),
| full-scale string (24 OMs

3-strings array (24 OM).
Optical-electric cable to shore.
Cluster DAQ-center.

Shore station.
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CmpykmypHsbie anemeHmol GVD
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Gigaton Volume Detector (Baikal-GVD)

GVD | 4*GVD
(2020)
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GVD Performance

Effective volume for cascades Effective area for muons
- muons (>5 OM/>2 Str)
e (N_ >10) "t
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Onrudyeckud MoayJab

R7081 Quanturn Efficiency
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Quantum efficiency

R7081-100 Hamamatsu
D=10 inch. SBA photocathode QE =~ 35% @ 400nm; Gain ~107, dark count ~8 kHz

Angular sensitivity
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BHQKTPOHI/IKa OIITHYICCKOI0O MOAYJIA
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Test puise

Functional scheme of the optical module electronics

ADC A

[ COUNTER }:

C8051F121
SiLabs

- | Interface
HV converter: SHV 12-2.0 K 1000 P ] Inertce

. PMT voltage

1.21 114

— HV control

On/Off

PMT voltage
Temperature

— Monitor

~ Power supply

HV unit

—

0 ...+ 2000 VDC, stability 0.05%
ripple and noise 8 mVpk-pk
Passive divider: 18 MQ
2-channel amplifier: QOutput channel and
PMT noise monitoring channel.
2 LEDs L7113: 470 nm, 5-7 ns
- regulation of intensities in the range
1...~108 photons (100m Baikal water)
- LED pulse delay regulation: 0 ... 1000 ns

[DA(‘H j [DACZ

Pulse
delay

LED 1 LED 2

gL

(12V, 5V)

LED trigger

Amplifie

-~

Divider

R7081
HQE

Slow control board: SiLabs C8051F121
Control of electronics operation and monitoring

of PMT parameters via RS485 interface.

Power consumption — max 0.3Ax12V

14



U3MmepuTeabHBIN KAHAJ

12-ch ADC

Amplifier: 14 + 90 m coax.cable + FADC: + 2V

= PMT: nominal gain: 1x107; Amplifier: k,,,=14; Cable:
~0.7: 108 in total

= Pulse width after cable: ~20 ns FWHM.

» FADC: 4V. 12 bit, 5 ns time bin.

= Linearity range: 1 — 102 p.e.;

= Count rate (0.3 PE) ~ 25 kHz in average (2014).

= Threshold (min): ~0.20xA,, (A, ~25mV)

= Max. trigger rate: ~ 1 kHz.

180
>‘l'ﬂﬂ
a0k Bvidenenue cuenanos Ha dopoxcke »
A= . L B
<ioof (zero suppression) {ing . Analog output
ack P
P = GVD Section: 12 channels

oE

o “zoo ' 400 ’ @00 ‘ " Time, 5

ns >

e et |



Cexkuus

Section (basic DAQ cell) — 12 OM and Section electronics module (SeM).

12-channel ADC unit: PMTs analog pulse conversion, time synchronization, 1
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).

SeM “r

Underwater
connector

Section request |

12-ch ADC board | Giobal trigger

Ch1.. Ch12 Data - Ethemet

-+

\ 4

- 299999 QQQQQQQ

N
Tl

300 VDC

R A

RS-485

Power unit

| T

MOXA IEX-402-SHDSL

12 12 VDC

OM slow

> control i RS-485 ‘

12 PMT Pulses

Underwater Underwater
connector connector

P 229009 QQQQQQQ -

oM1 === OM12
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[
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KoM

[AM |

I vpasiaaa

KoMMyTaiimoHHbBIN MOIY/Tb 00beTUHSET 2-4 CEKIINU

- [lepepgayva ganHbix — muHUA DSL
- O6beariHEHME cUCTeMbI GOPMHUPOBAHUS TPUTTEPA
=
- Yopasnsier nutaavem LIM, OM, nepudepun - KommyTtarop nutanus

Ontuyeckmne mogynm

JluHusi DSL

KoMMyTauuOHHbIN Moaynb rMpnsaHAbI
N L. aHHble TMPNSHAbl
= »| SH-DSL |« A R LI
|y
gf Ce'rgBoﬁ
= —[laHHble 1t SH-DSL [* KOMMVTAT
o omMMmyTarop 3anpoc &
4
§ | NanHble 24 SH-DSL TpurrepHbIn KOMMyTaTOp |+ LotES R
E A A
= KommyTaT
o omMmyTaTop 300 B
3NEeKTPONUTAHUSA
300 B
I\ I\ Vo
< —— ]
Y |

OnTnyeckmne mogynu
Cekuusa 1
Cekuusa 2

[AM |



Llenmp knacmepa

BeperoBou
LeHTp

p
1000BaseLX SFP-1G OnTnyeckun
1
@ SFP-1G (WDM) |  kKOMMyTaTop
S by
S
Host PC 3008

G

4 o N
OnNTUYeCKMN HAaKOHEeYHUK

J
m
508) 100BaseTX sl & dopmupoBaHUe TPUITEPA
Y Rl \ 4
Moaynb KommyTtaumm M'mpnsana 2 ATl AHH (8 KaHaHOB)
riara Macrep:
Ethernet KommyTato
[ ; y @p j - our(pOBKA TPUTTEPHBIX
Mopynb cesian | EthemeURS485 3aIpOCOB 8 TUPISH/
Com-server
[ Ethernet KommyTaTtop j 1 Rs-485 - BBIpa6OTKa I00AJILHOTO
W AuUn M n
1T soog| |75 TR (autwommaneaioos) TpUITEPA Ha 8 THPJISH
™ MM e e
DSL-moaem KommyTtaTop
|Kommymamop 3anpocoe|
G J
w
2 L = 8 YnpaBJjieHHe JIeKTPONUTAHUEM:
@
- 300VDC 12-kananpHbIi peaeHHbBIN
— mpnaHaa 1

KOMMYTaTop.

Monyib CBA3M:
COop MaHHBIX C 8 TUPIISTH/T

[TpeoOpazoBanue munmii nanaepix DSL B Ethernet (100BASE-TX)



Kiacrep

Kiacrep - momHODYHKIIMOHAIbHASA PETUCTPUPYIOLIAS CUCTEMA, paboTalomast Kak
aBTOHOMHO, TaK U B COCTaBe IMOJTHOMACIITAOHOTO leTEKTOPa

* Mlepapxrnyeckasi CTPyYKTypa NOCTPOEHHUSI CUCTEM
DJIEKTPOMUTAHUS M cOOPA TAHHBIX i
* OnTuyeckasi cucreMa cBsisy ¢ beperoseim LleHTpom
» CHHXPOHHBIN PEXXUM PabOTHI TUPJISTHA, KJIacTepa

I MoanoBepXHOCTHLIA
By

KoMMyTaUMOHHBIR MOAY b
rMpNAKAS

|

LieHTp cekumn
OnTuueckx Moaynen

OnTHYecKUn
Moayne

L~350m

g 3

Y
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e

Oro—0- 0000 000000000000 00000
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Engineering arrays (2012-2014)

2012 24BNES 2014

3 strings, first full-scale 3 full-scale strings (72 OMs), 5 strings (112 OMs)
GVD string (24 OMs) update of section electronics  Data taking since
Data taking from Data taking April 2014 - now
April 2012 — Feb. 2013. April 2013 — Feb.2014 t
o)
DAQ - DAQ . DAQ .U DAQ 6%;) ShOl'e Q
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[lepebiu knacmep GVD — Anpernb 2015

192 OMs at 8 Strings

- 2 Sections per String
- 12 OMs per Section

rrrrrrrrrrr

DAQ-Center

OFTe050

Optical cable to Shore

L~345m

Acoustic Positioning System

Active depth 950 — 1300 m

®
L
®
L J
®

P 900000 @999956 660000

R~60m
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doHoBbIe ycnosusa pecucmpayuu

Channel count rate for two strings: April — September 2014

T B0 . L = G
¢  String 3, Section (Down) - 5
A AR |
40 i (] If:;::‘_ : =
0 'i ii g &‘u
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L
10/04 1005 09/06 09/07 08/08
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) 70 i e ||
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Noise count distribution

Noise count distribution
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| <f>=23KkHz

iy
T,

iy
K
W

Count rates f for all channels;i). !

from April to August 2

Entries 617448
Mean 23.46
RMS 7.165
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String 3, Section ZE:(Up)

' ]

1004 10/05 09/06  09/07 0s/os

Time [day/month]

10/04 10/05 09/06 09/07 08/08
Time [day/month]

1. Significant count rate variations depending
the season (chemiluminescence).

2. Strong correlation between peak of activity.
3. Average count rate ~20-25 kHz (0.3 p.e.)



BpemeHHas KanubpoeKa KaHaAn08

M3mepeHue BpeMeHHOU 3aJiep3KKH
MeXJy ABYMsI KaHa/laMU

A 15 M- paccrosiaue mexay OM

LED dT,=64.9ns -
OoXXpuagacMass BpCMCHHas
Vv PasHuIla IpUXoAa CUrHaa

g

3

g

Amplitude, code

:

2

4550 4600 4650 4700 4750 4800 4850
time. nc



BoccmaHoeneHue nonoxceHUa na3epHo20 UCMOYHUKA
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Laser reconstruction

Strings ®

reconstructed
<100 m /

laser

-100

160 -4

e o v by by by by by
0 -20 0 20 40 60 80 100
X, m

-Five fixed intensities: Reconstruction accuracy (median value)

~1012 — 6x1013y /puke
(~10 PeV — 600 PeV shower energy)

of laser position ~3 m



Pe2aucmpayusa mooHos8

MKOOH

dt = t,-t,

Tpurrep:
coBmajicHue AByX coceaHnx OM c
HU3KHUM 1 BBICOKHUM MOPOTraMH,

paboTa CeKIUil CHHXPOHHW30BaHa
OOIIIUM TPUTTEPOM

IIporpamMmmubliii oT00p — Q > 2 .5.

KanuOpoBka kaHAJIOB!
CBETOIMOTHBIE UCTOYHHUKH

= 0.05p
&]l - Experimental
= 0.045F t..-t Entries 2113
E 0045 29' 30 Mean 26.22
04 RMS  30.88
g = Model
g 0.035| Exp. Entries 1245
. - Mean  27.37
< 003F — mc [RMS 26564
s g
> 0.025F
= =
0.02f
0.015F
0.01}F
0.005
: 1 L L L L L L L L L | L L L | L L L | L L L L
-‘IOO 30 60 -40 -20 0 20 40 60 80 100
£ty 1S
E i :xgenmerg:;
= 0.051 t -t M::: : 213.95
TEE B 33 "34 RMS  32.89
B Maodel
1= N Entries 1358
g 0.04} — Exp. Mean 2798
& - RMS  27.89
S 0.03F
o B
= B
0.02]-
0.01|

| I IR NI SNSRI A TR S
40 20 0 20 40

t, .-t ., NS

33 39

%0 80 100

dt pacnpeoenenue mexcdy coceonumu kanaramu
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3aKsro4YeHue

* B mepuozn 2008-2011 3aBepiieHa pa3paboTka OCHOBHBIX
3/IEMEHTOB U IMOATOTOB/IEH TEXHUYEeCKUUN IPOEKT
balKa/1bCKOro HEMTPUHHOTO TEeJIeCKOIIA.

e JTall MAaKeTUPOBAHMS 3aKAaHYHUBAETCS B 2015 TOTy CO BBOZIOM B
9KCIUTyaTAIUIO U UCITBITAHUSMHU TlepBoro kinactepa Baikal-GVD
(8 rupnsiag, 192 OM).

» 3aBepilleHHe MEPBOTO 3TAla CTPOUTENLCTBA HeliTprHHOTO
Tesieckoma B 03. batikan ¢ adpPpeKTuBHBIM 00bEMOM 0.4 km3
TJIQHUPYETCS B 2019-2020.
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