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Overview

STRAW, STRAW-b, P-ONE



kms3-scale Detectors for Astrophysical Neutrinos

Point-source search with

astrophysical neutrinos
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Our Path to a kms3-scale Neutrino Detector
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Motivation & Design

STRAWD



Muon-Tracker

STRAW-b - Sensors

2x LiDAR Standard + Art

Mini-Spectrometer

2x PMT-Spectrometer Standard + Art Standard + Art




Muon-Tracker

STRAW-b - Sensors

[l Minispectrometer l Camera 2 LED (Lucifer)J

2x LiDAR Standard + Art

Mini-Spectrometer

2x PMT-Spectrometer Standard + Art Standard + Art




[. Minispectrometer m Camera 2 LED (Lumfer)J

Motivation for STRAWD

PP
Module Goal
Muon-Tracker Measure Muons - reconstruct the direction & energy
PMT-Spectrometer Bioluminescence/animal classification + spectra + image &

PMT-Spectrometer + LIDAR |Wavelength dependent attenuation length of water = ———

PMT-Spectrometer Measure background characteristics for PONE (in addition to STRAW)

LIDAR Attenuation length and scattering length of water -
Mini/PMT-Spectrometer Monitor sedimentation of module with camera

Logger Analyse stress on construction during deployment &/




Status

STRAWD




[l Minispectrometer l Camera 2 LED (Lucifer)J

T |

Muon-Tracker 2x LiDAR Standard + Art WOM @

. ]]‘ |

no connection to module 1 I

j |

I |

Mini-Spectrometer 2x PMT-Spectrometer Standard + Art Standard + Art

.k
no connection to module

In 1 module
the PMT read is broken
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[. Minispectrometer m Camera 2 LED (Lucn‘er)J

Status

Muon-Tracker 2X LIDAR B

No connection since 28.11.2021
Investigation ongoing

SDAQ Data ("/d/sdaq")

1.00 kB/s

— TUMLIDARQODT
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Mini-Spectrometer 2x PMT-Spectrometer Standard + Art Standard + Art

In 1 module
the PMT read is broken

11




DAQ

STRAWD




SDAQ - “Simple Data Acquisition”

Standalone python package:
https://gitlab.lrz.de/ecp/strawb/mctl/-/tree/master/h5daqg

HDFS5 File
* A hdf5-group per job

SDAQ Job

. | -Buffer for

: settings and

: data

E SDAQ Daemon

Group A

-Dataset Time [1D array]
X Dataset(s) [nD array]
* First dimension is the time

* Collects Data
* Does rollovers
« Compression

¢

SDAQ Job

« Buffer for
settings and
data

Group B

Dataset Time [1D array]
X Dataset(s) [nD array]
* First dimension Is the time

.---------------------'




Flle TypeS hdf5 hid / .txt

- Gimbal parameters - Raw TOT data
* PMT settings (Time over
Camera ° - Laser settings Threshold)
* Power settings
.hdf5
.hdf5 - Raw RGB-Intensity data
- EXposure time
* Voltage+Current readings per sensors + Gain settings
- Accel. Sensor - Power settings .hdfb5
* Magnetic Sensor » PMT rates with 1 kHz readout
« Temperature Sensors - HV settings - Ra# TOT data
« LED settings - i i
g Standard Module Threshold settings ime over

— * Power settings Threshold)
T - Raw TOT data
Satacl @] . Specialised Module
ata-Logger

Mini-Spectrometer °

hdf5

- Connection works
« Accel. Sensor » Accessing data fails
- Magnetic Sensor

- Temperature Sensors

hdf5

» SiPM rates with 10 Hz readout
- Raw Wavelength/Intensity data « HV settings ,
* Exposure time  Threshold settings Ime over
- Senor temperature * Power settings Threshold)
* Power settings - Raw TOT data



Digital infrastructure

STRAWD



Digital Infrastructure for STRAWb

Server Backend (LRZ)

Oceans2.0 DB (ONC)

. - DSS Container
Module Monitoring Downloads data from |
» Logs system states modules e Data Science Storage
_ - | * Backups
server monitoring Holds a DB with all data up

* |n case sends alert

Computational Infrastructure
* | RZ VM hosting - Compute Cloud

Modules

RV,
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Module Monitoring

Grafana

https://ycmb.spdns.org:3000 Integrate alert system

Modules

User: STRAWD
PW: 4734-4816-7213-2543

v Directory Size / Data Generation
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https://ycmb.spdns.org:3000/

LRZ Setup

Server Backend (LRZ)

Oceans2.0 DB (ONC)
Fork of the ONC Python API

Downloads data from * https://qgithub.com/FlyingAndrew/api-python-client DSS Container

modules * The VM runs the sync :
_ e Data Science Storage
 Holds a DB with all data » Backups 7

Computational Infrastructure

 LRZ VM hosting - Compute Cloud
e Accessible via ssh

Modules:

(St



https://github.com/FlyingAndrew/api-python-client

LRZ DSS Structure

DSS Container - Module
e LIDAR 1
 Mounted at the VM under: /dss/ s+ LIDAR 2
« STRAW and STRAWDb data — e MINISPECTROMETER 1 f
2 »  MUONTRACKER 1
= e PMTSPECTROMETER 1
L. 15G PMTSPECTROMETER 2 .
. s STANDARDMODULE 1
s STANDARDMODULE 4
STRAWD Data E
* All raw module data are located at: -
/dss/strawb/raw_module_data/ 8 1
o
Q
* Files are sorted with: <device_code>/<year-month>/ o
l.e.: tumlidar001/2021_10/... i
= 56 :
* Includes a DB file: © .
./raw_module_data/pandas_file_sync_db.gz o
0 Nov 2020 Jan 2021 Mar 2021 May 2021 Jul 2021 Sep 2021
Date

Example Notebook to generate the plot:
https://github.com/pone-software/strawb_package/blob/master/examples/pandas_file_sync_db_explorer.ipynb

A simple and reliable way to get the files.
No need to deal with path and filenames.
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Working with the Data



Python STRAWDb package

O Search or jump to... Pull requests Issues Marketplace Explore
Goal’s
& pone-software [/ strawb_package Prrivate ®Watch v 3
¢ SlmphfleS tO dCCesSS the data frOm the ONC server <> Code (©) Issues i1 Pull requests (») Actions []] Projects @ Security |~ Insights 63 Settings
» Simplifies reading of all STRAWbD file types
 Collection of tools to process the data, including £ master + 1 2branches © 0 tags cototiic  addtie~ (g  Abe
calibration Code
P Includes various examples for an easy Start FlyingAndrew updated imports fo4e9d8 23 days ago (Y 209 commits STR/
. . analy
= Featu reS a DB fOr S|mp|e flle aCCeSS W .idea Merge branch 'minispec_2nd_update' into camera_dev last month
0 F
W docs added LiDAR to todo list 24 days ago
55 N\
W examples fixed bug 23 days ago
B resources/scripts added docs to onc_vm_downloader.py 29 days ago Rel
ele;
C d W src updated imports 23 days ago
O e No rel
M test added LiDAR test 24 days ago Create
) (Y .DS_Store second main chance,simplify the functions, add examples 3 months ago
https://github.com/pone-software/strawb package Dack
) = ) ) = Y .gitattributes Ignore the output of jupyter notebooks 28 days ago
Y .gitignore added ' *%/__pycache__ last month SSbTiil
(Y LICENSE Multiple improvements 5 months ago
(0 README.md typo 23 days ago Cont
Y config fixed config 29 days ago
(Y pyproject.toml Multiple improvements 5 months ago
(3 requirements.txt added plotly, statsmodels 28 days ago ﬁ
(Y setup.cfg Multiple improvements 5 months ago


https://github.com/pone-software/strawb_package

PMT-Spectrometer






Motivation - Goals

Module

Goal

Muon-Tracker

PMT-Spectrometer

Measure Muons - reconstruct the direction & energy

Bioluminescence/animal classification + spectra + image

PMT-Spectrometer + LIiDAR

Wavelength dependent attenuation length of water

PMT-Spectrometer

Measure background characteristics for PONE
(in addition to STRAW)

LIDAR

Mini/PMT-Spectrometer

Attenuation length and scattering length of water

Monitor sedimentation of module with camera

Logger

Analyse stress on construction during deployment

Absorption (1/m)
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Wavelength dependent attenuation

Measurement principle LiIDAR
* LED on the side and bottom of the LIDAR emit light

* Light propagates 24 m through water

* Measure the spectra with the PMTs, Mini-Spectrometer and Camera

* + calibration lab measurements, e.g.:

=4

Broken PMT
readou
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Not 100% clear if it works as only one distance is available
But it can be use as an in-situ calibration of the PMT spectra
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Measurement principle

* Animals emit light

* Detect the position of the animal with the camera
* Measure the spectra with the PMTs (and Camera?)

|

Classification of bioluminescence
* Based on the previous detected criteria

\

* Camera provide: position, track length, RGB-color and emission shape

* PMTs provide: emission timing and spectra

26

Bioluminescence spectra and image
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PMT-Spectrometer - Design

2 LEDs (not shown)

/ Mini-Spectrometer
(not shown)

Fitter IR

= o

Focal length
(Lens 30 mm)

Camera

4x PMT holding

structure
PMT
12x Lens + Filter + PMT
PMT-Base
Cable 8x PMT HV-Supply
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PMT-Spectrometer - Optics

Optics are optimised for

* all 12 PMTs have the same field of view

* have the same acceptance in the field of view
 correct the optical effect of the spherical glass

The 12 PMT Detection Unit

A PMT Detection Unit is the PMT, lens and filter
* The PMT detection units are symmetrical placed
around the vertical axis in 3 groups
* Within each group the Detection Units have
the same radius and
the same declination angle to the vertical axis

28
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Sensors

PMTs

- 12 channels: 11 color + 1 integrated (no filter)
- Measurement: 1kHz * 12 channels, 24/7

- Geant4 simulation -> e.g. FOV ~10 deg

- Calibration data

Camera

- ~1300x900 pixel in RGGB

- Covers more FOV as PMTs

- Shares upper sensitivity range of PMTs

- Measurement: every 93s 1 image (63s exposure time + 30s readout)

- (Calibration data -> Korean group?

Minispec
- Measurement: every 93s 1 image (93s exposure time)
- 288 pixel eq. Different wavelength

+ 2 LEDs (blue, green) in LIDAR above

- Calibration of PMTs and camera
- Missing: no calibration of LEDs exists: spectra, intensity, ang|
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