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Cosmic Rays
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The IceCube Neutrino Observatory

In-lce, DeepCore and
Surface Array

Digital Optical modules
DOMs for detection of
cherenkov light from
neutrino interactions

Main focus, High energy
neutrinos

Lower energies ~GeV with
DeepCore

Cosmic Ray studies

IceCube Laboratory
Amundsen-Scott

_/St_ation i

@ Surface Array \ .
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lceTop: IceCube Surface Array

Cherenkov tanks filled with Ice and readout with
PMTs (DOMs)

Cosmic Rays reconstruction from PeV to EeV

Veto against atmospheric background for the In-Ice
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lceTop: IceCube Surface Array

Cherenkov tanks filled with Ice and readout with
PMTs

Cosmic Rays reconstruction from PeV to EeV

Veto against atmospheric background for the In-Ice

Signal Attenuation due to snow accumulation
Snow Depth 10/Dec/2020
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Surface Array Enhancement T
N%

% 28 stations planned &3@ %

* One station:;
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Science Case

Cross Calibration with the In-Ice and
lcelop

Unique possibility to study cosmic rays
with multi-channels

Lowered energy threshold for air shower
reconstruction

Better understanding of the hadronic
Interactions and perform mass
composition studies

Improved veto for the In-Ice detector
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The measurement Chain T

ICL/
Surface DAQ

NN

White Rabbit

Control, Timing
Data

Scintillation detectors x8 Radio antennas x3

mtrol, Timing

(|
MicroDAQ Central DAQ <:m ==
——

Trigger, Data
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Prototype Station

% Prototype at the South Pole since

% Air shower reconstruction with

January 2020
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IceCube Preliminary
—— Radio dir.

IceTop core

—— IceTop dir.
—— Scint. dir.

IceTop reco. (Laputop):
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Pole Activities: Station Zero

First Station at Pole since Jan 23

All scintillotors swapped with new:

Updated electronics
Riveted and glued edges
o Elevated to ~1.om

* One antenna swapped

o New mount e
o New LNAs (Low Noise Amplifiers) = =

*
*

(@)
(@)
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AT

Pole Activities: Station Zero

First Station at Pole since Jan 23

All scintillotors swapped with new:

o Updated electronics
o Riveted and glued edges
o Elevated to ~1.om

* One antenna swapped

o New mount
o New LNAs

*
*
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Electronics’ characterization

Calibration < :

~ .
_2 Mass Production

“~o SP commissioning
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Scintillators AIT

¢

Scintillator bars
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16 plastic scintillator bars made of
polystyrene

Wavelength shifting optical fibres

Silicon Photomultiplier board

uDAQ: microprocessor based readout board
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. Scintillator Readout: uDAQ T

Possible ADC
sampling delay times
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IcECUBE

Production Chain: Electronics’ Calibration
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Optical Coupler
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Calibration Setup AT

* Test setup for Scintillator

calibration:
o Metal Housing
o Lead Shielding

o Temperature control for central DAQ for

summer tests

—— Without Shielding —— Without Shielding
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Mass Production

> 100 scintillation detectors produced
and tested in 21/22 at KIT, including
R&D, and é+1(station 0) stations for the Telescope Array
pole "

> One station each ot Auger, and TA for
cross calibration and Gen2 R&D
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Calibration Measurements AT
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total events- 197460

filtered events- 45653
rate- 152.17666666666668 Hz

All events

500 1000 1500 2000 2500 3000 3500 4000
ADC value

Histogram Measurements for functionality
and MIP determination

Coincidence measurements per station
Trigger rate to the radio: multiplicity
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Energy Calibration AT

* Coalibrate the MIP energy using Sodium Measurement
. . . DAC 1360 - 5min - Panel 174 - Posl1 - filtered
radioactive sources with known —
decay spectra T Ve
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MeV range:
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o (Cs-137
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Operation at Pole
* Air Shower Measurements Threshold from 1st percentil
o ~16hr measurement runs % 2000l — EZ
m  Maximum threshold
m [rigger Radio > 6 scintillators
o ~2hr Calibration runs:

ch3
—— ch4
—— ch5s
~—— ché
ch?7
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Operation at Pole

% Air Shower Measurements

*

(@)

(@]

~16hr measurement runs
B Maoximum threshold

m [rigger Radio > 6 scintillators

~2hr Calibration runs:

m  \Voltage scan on limited

range

Planned Special runs

(@]

(@)

Threshold Scan
Voltage Scan
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lceCube Group IT

) Hadronic
Co§m|c Ray Interaction model
Anisotropy tests
studies for Gen2 _2 : A
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Summary and Outlook AT

* Station “0" at the Pole under commissioning :)

% Production and calibration of next ~6 stations for upcoming
season complete

* Energy Calibration ongoing

% R&D stations at various sites

3  MIP stabilization implementation for future stations

d  Data processing for combined reconstruction with Icelop
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BACKUP
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SiPM Gain with SPOCK T

Pedestal —— Data

— Gaussian Fits
Pedestal events

POO 200 300 400 500 600 700 800 900 1000
QADC channel
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Entries

Entries

SiPM gain v/s low temp
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Chan-7 KIT0178 adc/pe = 20.7 +/- 0.9 | adc/mip = 999.8 +/-7.2 | pe/mip = 48.4 +/-0.4

— data

— pedestal

— expo darknoise
— landau MIP

__ FitTotal
good fit = True

-30°C at PSL(M. Kauer)

- adc/mip = 675.3 +/-4.5
23°C at KIT : g::laestal
—— expo darknoise
—— landau MIP 107
102 —— exp+landau @
g -
10t
10°
. 0
10 0 500 1000 1500 2000 2500 3000 3500 4000
charge (adc)
s Check of functionality: high gain 10%4
histogram data obtained at 3 stages: 9
g
> After production 107,
> At freezer tests at PSL
> At final Deployment
10°

KSETA Plenary 23

IcECUBE

500 1000 1500 2000

charge (adc)
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2500 3000 3500

data

pedestal

expo darknoise
landau MIP
exp+landau

-5 Aiiigolth Pole

TN ,‘

Work in Progress
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Scintillator Readout
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