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About neutrinos...
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* Neutral leptons of three generations: v, v, v,
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* Low probability of interaction with matter

* |Impossibility of direct detection
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SOURCES OF NEUTRINOS
* TERRESTRIAL: Reactor antineutrinos, geoneutrinos, atmospheric neutrinos

* EXTRATERRESTRIAL: Big Bang, fusion, supernovae, cosmic — energies up to PeVs
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About neutrinos...
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About Baikal GVD...

,Gigaton Volume Detector” neutrino telescope in lake Baikal

Phase I.

* 1 Cluster = 8 Strings = 288 OMs — 1 DAQ

* Current state: 3 Clusters

e Goal until 2020: 8 Clusters —» 2304 OM — 0.3 - 0.4 km?3

Om
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1276 m
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“Dubna”
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Detection of neutrinos in Baikal GVD

* Points of interest: High-energy galactic & ultra high-energy extragalactic neutrinos

* Interaction with matter near the detector:

* Tracking of muons via Cherenkov radiation — information about neutrino energy and

direction

* BACKGROUND: mainly atmospheric muons = 2m geometry
* ENVIROMENTALEFFECTS: absorption and scattering of light
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Peter — charge calibration




Charge calibration of OMs

* GOAL: Determine which FADC channel corresponds to 1 photoelectron for each OM
« METHOD: Fitting of charge distributions

* CHALLENGE: Number of OMs and runs (~ 288 X 600 per year per cluster)

* SOLUTION: Automatization of fitting via C++ & ROOT macros (+ a little bit of Bash)

£ 25000 htemp
§ B Entries 690503
- Mean 513.5
20000 - Std Dev 285.5
f * TRIGGER for EVENT — b5us time
15000 - window with the eventin the middle
10000/ ﬁ * First 2us - NOISE — low light
e — subject of our analysis
50001»
e e e 000
Time [FADC channels]
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Fitting of charge distributions

* QM process = fluctuation = Gauss

(x—p)? (x=2p)?
e 252 p 2 e 2(v20)?
* Fitting function: conste™® +
Itting Ttunction: p > >
20’7 2 \2(\20)*x
Raw charge distribution histogram Fitted charge distribution histogram
2016, Run #233, OM #230 2016, Run #233, OM #230
g & Entries 562080 2 E Entries 562080
§ 8000 — Mean 158.6 G 8000 Mean 158.6
- = Std D 62.19
7000 | — Std Dev 62.21 7000 |— xEtf nc?fv 126/89
e - Constant 1.641e+07 + 1.576e+06
6000 — 6000 — Mean 151.4 +0.2
C - Sigma 54.68 £0.23
5000 = 5000~ Poisson Mean 0.07235 + 0.00727
4000 ; 4000 ;
3000 i— 3000 i—
2000 i— 2000 i—
1000 ; 1000 ;
0 & 1 1 ‘ L1 L1 | L L1 1 ‘ T L] L | L.l Ll | L L L L | | - Ll ‘ U £ L1 L L1 L | L1 L1 | .| | I RO SN ‘ | N - L | | - Ll ‘ L | - L
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Charge [FADC] Charge [FADC]
Mean is our point of interest Obtained by fitting,

exported into ASCII files
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Challenges of automatic fitting

2016, Run #584, OM #114 2016, Run #579, OM #122
£ B Entries 228457 £ F Eniries 198595
§ 300 Mean 147.7 § 13000— '\S";ag ;372-;
F Std Dev 57.21 C .xzt,un;!fv 228 / 86
3000 — X/ ndf 149.3/82 2500 Constant 1.05224+08 + 1.504e+07
c Constant 9.622e+06 * 3.530e+06 C Mean 157.2+0.2
2500 — Mean 144 + 0.2 C Sigma 48.84 £ 0.16
C Sigma 49.35 + 0.42 2000 — Poisson Mean 0.003585 + 0.000523
2000 o Poisson Mean 0.04816 + 0.01823 r
B 1500 —
1500 — C
= 1000 -
1000 — C
500 — 500 |—
0 I T R T NI N SR e Lo 0 | I AT T ! 0 I B B S SRS AT SRNUN VNSRS T DA N !
0 100 200 300 400 500 600 700 800 0 100 200 300 400 500 600 700 800
Charge [FADC] Charge [FADC]
2016, Cluster #1, Run #57, OM #024 2016, Run #224, OM #074
%) 1.8
€ 100 — Entries 5493 £ C Entries 13
E ~ Mean 159.4 {:’3 16— Mean 267
C Std Dev 69.64 °E Std Dev 58.88
” ; %2/ ndf 69.96/ 88 =N %2/ ndf 0.09574 /6
C Constant 1.502e+05 + 3.791e+05 “E Constant 894.1+325.5
Mean 1534 + 1.6 C Mean 158.3 + 26.8
r . e 12— Sigma 41.89 £ 19.07
r Sigma 54.211+ 5.19 F Poisson Mean 1+ 0.8
60 — Poisson Mean 0.07228 + 0.17408 Nl =
L E A
L 08
40 — -
= 06—
20 — 04—
B 02—
UTnnﬂmH | ﬂ-"\ﬂml“«.—ml aifon] ndoo o mmyL oo 0_\ [ B iy | c b b e b e b by
0 100 200 300 400 500 0 100 200 0 400 500 600 700 800
Charge [FADC] Charge [FADC]

SOLUTION: Introducing conditions and tests into the code to discard “bad” fits. Optimizing boundaries.
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Overview of OMs in a run

* Peak channel mostlyin the vicinity of ~150 [FADC]
* Large deviations could be from bad fits = further tweaking of pass conditions needed
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Evolution of the mean value within a year

Slowly rising trend, will be interesting to look at in the long term...

Time evolution of peak channel in 2016 in the charge distribution for OM 68 Time evolution of peak channel in 2016 in the charge distribution for OM 91
g 190 — g 160 ;
é C é =
2 - T 159
5 180 — g =
s B 5 158
E4 4 —
3 C 3 E
A, & 157
C 156 —
160 — 155 |—
C 154 =
150 — E
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Run Run
Time evolution of peak channel in 2016 in the charge distribution for OM 30 Time evolution of peak channel in 2016 in the charge distribution for OM 241
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Eliska — double pulses




Single pulses (SP) and double pulses (DP)

What is a double pulse?

* The waveform that consists of two or more peaks.
Motivation

* Each signalis considered as SP in Baikal GVD.

* DPs from muon bunches and astrophysical tau neutrinos.

* DPs from attributes of photomultipliers = pre-pulses and after-pulses.

Single pulse Double pulse
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Data simulations

Data simulation program
e Self developed C++ algorithm.
* Precise analysis of statistical uncertainty of noise distribution.

e Simulation based on knowledge of analytic function of SPs (gumbel function) and
amplitude dependence on number of detected photoelectrons.

e RESULT: Library of generated SPs and DPs for testing of effectivity of ID algorithm.
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Data simulations

Data simulation program
e Self developed C++ algorithm.
* Precise analysis of statistical uncertainty of noise distribution.

e Simulation based on knowledge of analytic function of SPs (gumbel function) and
amplitude dependence on number of detected photoelectrons.

e RESULT: Library of generated SPs and DPs for testing of effectivity of ID algorithm.

Generated DP without noise Generated DP with noise
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Zuzana - CORSIKA



CORSIKA simulations

CORSIKA (COsmic Ray Simulations for KAscade)

* Program for simulations of the secondary air showers induced by primary cosmic rays.

* Access to the basic characteristics of primary as well as secondary particle: type, energy,
linear momentum and arrival direction, etc.

Z o SN BB S Vs PR (A S “ﬁ Vs 3 2\ D i 24
Source: https://www.ikp.kit.edu/corsika/ Source: https://www.ikp.kit.edu/corsika/

Xy projection of the air shower xz projection of the air shower
(Iron, 10 eV, 0°) (Iron, 101* eV, 0°)
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Results for primary protons

Energy spectrum Zenith angle
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Results for secondary muons

* Front of secondary muon shower — slightly curved
 However flat front is still a good approximation

Visualization of the muon bundle
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Thank you for your attention!



