Friedrich-Alexander-Universitat ) —
Erlangen-Nurnberg ‘\\>~. EEEEEEEEEEEEEE ‘_—Alll m
%y PHYSICS "_ H

Design and operation of a co-deployed dust-logging
instrument for the IceCube Upgrade and IceCube-Gen2

Anna, Eimer
Erlangen, 10.09.23



Neutrino Astronomy N |"§/A/;\\\U
el

Sources and detection IcECUBE
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Astronomy uses electromagnetic radiation or particles to get information about astronomical objects.
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AGNs, SNRs, GRBs... * !\IeUtraI _Current
Gamma rays |nteract|0n
They point to their sources, but they
can be absorbed and are created by
multiple emission mechanisms. Z
. ' 3 1%
Neutrinos _ W/ ’ Charged Current l l
They are weak, neutral 8, 1AL . .
particles that point to thelr : s 7 InteraCthn
sources and carry information Bt ' L
from deep within their origins.
They are charged particles and
are deflected by magnetic fields. N
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Cherenkov Telescope

IceCube Neutrino Observatory

- km3-scale high-energy neutrino observatory built at
South Pole

« Charged particles produced in neutrino interaction
travel faster than the phase velocity of light in ice and
therefore emit Cherenkov photons

* Neutrino detection via photomultiplier tubes (PMT)
organized in strings which are lowered into holes

Digital Optical Module (DOM):
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lceTop —

81 stations
324 optical sensors

lceCube Array

86 strings \

with 8 DeepCore strings

5160 optical sensors
DeepCore /
8 strings-spacing optimized

for lower energies
480 optical sensors A
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Glacial ice
Optical properties

100}

« Light propagation in ideal ice can be described by:
Complex refractive index
* real part=1.3
» Ice absorption coefficient given by complex part
— |ce is transparent for Cherenkov light

« Additional parameters for real ice:
* Impurities:
dust, marine salt crystals, acid droplets

absorption coefficient (m™]

and vulcanic ash 01
» Enclosed gases:

air enclosed by snow
« Stress acting on the ice: 0.01}

weight of new ice and snow, and glacial river
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— Three-component model fit

+ * Laboratory ice

180-186 nm: Minton [1971]

250-400 nm: Perovich and Govoni [1991] Py
400-1400 nm: Grenfell and Perovich [1981] :
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Ice calibration
Stratigraphy

« The additional parameters for real ice lead to a ice layer
profile (stratigraphy) with different optical properties

« Additionally the bedrock shapes these layers which leads to
undulation in the profile

* These properties need to be known to understand received
detector signals
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Ice calibration

Dust logger (used in IceCube)

Working principle of the dust logger:

» Horizontal fan of light emitted into ice

« Scattering centers can deflect light into PMT
(signal proportional to density of scattering

centers)
tilt effect
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4 Top view
< of ‘Fan’ v 1

Laser
(404 nm) ‘

Downward-
looking
PMT

Source: doi:10.3189/2013J0G13J068
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Dust logging in the future e

IceCube wants to built a large extension called

IceCube-Gen2 for detecting neutrinos with higher

energies and higher sensitivity. » Gen2-Optical ® IceCube dk IceCube Upgrade
Envisioned IceCube-Gen2 footprint and spacing 3 , L ¥ %
requires logging of each hole for layer undulation Aege A g b _ S .

RN 2 22 . 4B PRy, . i

— deployment of standalone dustloggers too eseelolls ey B ' .
expensive, can we log with instrumentation on L Aty Ry

string? Tkm [ 250m * N |25 m

For the Upgrade (testing new hardware for IceCube-
Gen2) a low cost version of the dust logger should
be tested: the POCAMIogger
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ICECUBE

My project (suggestion for IceCube Upgrade) Gl

POCAM works as isotropic light emitter (designed
for calibration of the DOMS), but for the dust
logger a fan of light is needed — my work

| . fopview'. | _
LOM POCAM \ * of ‘Fan’ B
‘ 1
~«od b W Nl 7/ Downward-
- ] | I looking
R el PMT

Source: doi:10.3189/2013J0G13J068

Source: arXiv:2308.02771v1 Source: lceCube internal

DOI 10.1088/1748-0221/15/07/P07031
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Planned optics system

Optical system should produce horizontal fan of light, for probing one layer of ice at a time, but get more statistics.

readout via photodiode

optics system

/ laser diode collimator Powell lens \

Powell Lens -f

LTN330-A

/ power supply for the laser
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First measurements SECUE

First measurements testing the setup and understanding the system:

search for laser beam

(40x40mm area with 2mm resolution) temperature dependency
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General:

Neutrinos point back to their source, but are only detectable indirectly

Cherenkov Telescopes such as IceCube are detecting neutrinos using large amounts of ice

Ideal ice is very transparent to the measured Cherenkov light, but impurities in different ice layers absorb
light which leads to different behavior of the detector in different depths

In order to understand the ice behavior/purity IceCube uses calibration devices such as the dust logger

My work:

For future IceCube extentions with larger footprints the behavior of the ice needs also to be known
To achieve this, existing hardware (POCAM and first LOM on a string going into the ice) should be
modified to work as a dust logger

The laser system of the POCAM needs to be turned from a isotropic light source into a horizontal fan
So far the xy-scan is tested and works

A temperature dependency of the laser could be found
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Back up
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Event measurement IcECuBE
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Charged particles produced in neutrino \
interaction travel through ice faster than AL 4 ) U SRRSO S
i ’ o Each DOM is shown {11 Color indicates arrival time:
the phase velocity of light in ice and by a white dot ||| red first, green last
therefore emit Cherenkov photons \ | \ I
’ & -
.; LB 4 | :: : g :
Picture shows a muon track: 't $2° 3 4 g S
' &8 * e 3
: e :f : v 3 : .4 4
Charged current interaction Colored . ‘? Path of particle through detector
spheres show, {1 : 3! IIB IR !
1 [ sensors have " 1 f
detected light ?
Size scales with the
—amount of recorded light
%% | f led ligh
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date: November 12, 2010 duration: 3,800 nanoseconds energy: 71.4 TeV
declination: -0:4° right ascension:110° nickname: Dr-Strangepork
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IceCube Upgrade

Detector
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ICECUBE
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« New DOMs for improved photon detecton | , 1000m
efficiency and calibration capability Tl
* New calibration devices for recalibration of the . ’ o ey
existing detector « T -
* Research & Developement for IceCube-Gen2 ° RN - Th
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Importance of the ice regarding reconstruction

dust layer IceCube preliminary clear ice IceCube preliminary
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