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IceCube DOMs continue to proof very reliable

The hardware failure rate is very low: 4 DOM failures this past decade.
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DOM survival fraction vs. time

98.3%
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Detector Uptime



Field effort 2024/25: 

• Focus on Upgrade support, getting 
ICL ready to receive data from new 
strings. 

• Support for 24–25 is significantly 
improved

• 12 total deployers — resumed M&O 
volunteer deployer program

• flight rotations still limited, but able to fly 
people in until mid-December
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bedrock

 

The IceCube Array seen at 60 MHz with ground penetrating radar

/km

[m] Layers are not strictly horizontal,
deviations by 60/km,
depth dependent.



Calibration of ice
Comparison of flasher data to simulation indicated 
an azimuthally dependent light profile 
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Figure 3. Stratigraphy of fitted absorption and scattering strength. Properties above the detector (<1450 m) are taken from AMANDA
measurements (Ackermann et al., 2006), or are extrapolated from dust logger data. Properties below (>2450 m) are extrapolated using the
stratigraphy as obtained from the EDML ice core (Bay et al., 2010) and ice age vs. depth curve from Price et al. (2000).

Figure 4. Ice optical anisotropy seen as azimuth dependent intensity
excess in flasher data. Each dot is the observed intensity ratio for
one pair of light emitting and light detecting DOMs comparing data
to a simulation with no anisotropy modeling enabled. The tilt and
flow directions are shown for reference.

termed "tilt direction". Within the context of this work the tilt
model as described by Aartsen et al. (2013c) is employed.

4 The ice optical anisotropy

4.1 Experimental signature

Given the optical modelling discussed so far, the amount5

of light received from an isotropic source should not de-

pend on the direction of the receiver with respect to the
emitter. However, if we consider many DOMs, each with
their 12 calibration LEDs and at a random azimuthal orien-
tations in the refrozen drill holes, as isotropic emitters, and 10

we average observations along different directions of emitter-
receiver pairs of DOMs, we find a significant directional de-
pendence. About twice as much light is observed along the
direction of the ice flow compared to the orthogonal ice tilt
direction when measured at distances of ⇠125 m, as seen in 15

Fig. 4. This "ice optical anisotropy" was first discussed in
2013 (Chirkin, 2013d). The experimental arrival time distri-
butions are nearly unchanged compared to a simulation ex-
pectation without anisotropy (as will be evident in Fig. 6).

4.2 The anisotropy axis 20

A determination of the axis of the ice optical anisotropy can
be achieved independent of any model assumption, by fitting
the phase of the sinusoidal intensity modulation as shown
in Fig. 4. To obtain spatial resolution, the data is binned in
emitting DOMs, either within a tilt-corrected depth range or 25

by string number. Thus the data is dominated by propagation
in a given depth range or in the vicinity of a given string.
Figure 5 shows the resulting anisotropy axes.

The anisotropy axis is seen to have constant direction
throughout the entire detector and is considered constant for 30

all following investigations. The resolution is around 1� ev-

Distance: 125 m (distance to next string)
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Figure 9. Example diffusion patterns after photon propagation through 1000 crystals (roughly equivalent to 1 m) with a perfect girdle
distribution of c-axis orientations. The initial directions of the emitted photon point perpendicularly out of the picture, with an opening
angle to the flow as indicated. The figures histogram the final direction vectors of 108 photons each. The change in diffusion (width of the
distributions) as well as the subtle effect of photon scattering towards the ice flow (towards the right) can be seen.

Figure 10. Artist illustration visualizing the deflection concept. Without birefringence light streams out radially from an isotropic light
source. With birefringence rays get slowly deflected towards the flow axis. The effects of scattering and diffusion are not shown. The
hexagonal pattern of the IceCube array around the light source is shown.

diffusion patterns also do not depend on the initial polariza-
tion.

Instead, since the wavelength is small compared to the
crystal size, light rays experience the individual grains as dis-
tinct objects and slowly diffuse through the continued refrac-5

tions and reflections at the grain boundaries. Given a mean
elongation or equivalently a preferential c-axis distribution
in addition to the diffusion, rays get on average slowly de-
flected towards the elongation axis. To our knowledge this is
a newly discovered optical effect, not described in the litera-10

ture before.

6 The birefringence ice model

6.1 Parametrizing diffusion patterns

While the simulation described above in principle scales to
arbitrary crystal counts, it is computationally unfeasible to15

explicitly simulate every single grain boundary with every
simulated photon travelling dozens to hundreds of meters.
For this reason, an analytic parametrization was developed,
which allows to describe the cumulative effect at large scales.

Diffusion patterns have been simulated for a wide range 20

of spheroid elongations (1-3) and fabric parameters (span-
ning the plane of Woodcock parameters between 0.1 and 4
in both dimensions). As evident from the example in Fig.
9, these diffusion patterns have a strong central core with a
broad large-angle tail. The tail is dominated by single large 25

angle reflections and as such scales linearly with the number
of crystals traversed. We found that the precise simulation
of the tail is unimportant, in particular as shape uncertainties
of the Mie scattering function far outweigh the errors intro-
duced by a simple parametrization. Therefore the distribution 30

is modeled as a 2d-Gaussian on a sphere, lending itself to
usual scaling (with distance) relationships for mean displace-
ment and width. The distributions are very slightly skewed
towards the flow axis, and are slightly better described by a
skewed Gaussian. A number of more complicated functions 35

were also fit with good success in precisely describing the
underlying distribution. Fig. 9 in fact uses a function with ten
parameters to illustrate all features of the distribution with-
out statistical fluctuations. These were however abandoned,
as no simple distance scaling could be established. 40

Ref.: The Cryosphere 18 (2024) 1, 75-102



2024–25 Pole Activities
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• Key Upgrade-supporting work this season
• ICL Upgrade electronics installation + UPSes
• DOM testing support
• Upgrade surface cable installation support

• ICL maintenance
• network firewall life-cycle replacement
• rack remote power distribution unit (rPDU) upgrade

• Other tasks:
• installation of two surface detector stations.
• cable trenching not approved
• finish IceACT field telescope upgrade 
• prototype solar panel drill camp installation
• maintenance of ARA DAQ

A very productive field season!



IceCube Upgrade
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The 

IceCube 
Neutrino 
Observatory

+

IceCube 
Upgrade

Albrecht Karle, UW-Madison

IceCube Upgrade
700 sensors (3 x sensitivity IC DOM)
on 7 strings.
Size: 2 million tons

Deploy in 2025/26



IceCube Upgrade - Science goals

1. Neutrino properties             
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High statistics measurement of 
(~100,000/yr) atmospheric neutrinos.   

-> Measure neutrino oscillation 
parameters. 
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—> Improve sensitivity of IceCube for astronomy

 2. Precison Calibration of 
IceCube

3. R&D for the future
IceCube-Gen2

4. Astrophysical Transients





3m 
spacing

IceCube Upgrade
PMT coverage: 
700 new DOMs 
- comparable to 2100 IceCube DOMs 

(almost 1/2 of IceCube)

Noise rate of MDOMs: 
~ 10 x higher 

3 DOMs per wire pair are pushing the 
limits of cable bandwidth (~1 - 2 Mbit/s, 
could be different in the ice): 

—>
Significant effort for data transmission 
and triggering!
— DAQ SW effort provided almost 
entirely by M&O



But we don’t just have 1 energy 
and 1 distance, IceCube detects 
neutrinos of many energies and 
distances

L L

Earth 
Diameter

0

Energy threshold is critical: 
PMT coverage allows access to events 
below 3 GeV.



But the reality is more blurry

L L

Earth 
Diameter

0





Huge increase in statistics in the oscillation region.



Physics parameters 
to measure

Other experiments

IceCube 
Upgrade

Projected sensitivity



Effectice Area
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1–1000 GeV neutrino astrophysics
• Six IceCube journal papers on 1–1000 GeV 

astrophysics with DeepCore


• Fermi LAT has proven the abundance and 
diversity of GeV sources, many of which are 
hadronic


• Proliferation of DeepCore and Upgrade 
astrophysics analyses led to a new working 
group, “Low Energy Astrophysics”

DeepCoreUpgrade



A (somewhat) predictable GeV transient: 
Upcoming eruption of nova T Coronae Borealis

• Novae: thermonuclear explosions on 
white dwarfs that somehow act as GeV–
TeV particle accelerators


• T Coronae Borealis, expected to outburst 
between 2024 and 2028, will be ~10x 
brighter than a bright 2021 nova (RS 
Ophiuchi) and at a near optimal 
declination (+26) for IceCube DeepCore/
Upgrade


• Likely to be bright in GeV and TeV gamma 
rays, maybe also neutrinos



Field season

2024/25



Installation

Karl-Heinz Sulanke, DESY, explains the field hub electronics.

Chris Ng, MSU, inspects the cable tray in the ICL.



All firn holes drilled,  
anchors are prepared.



ICU string locations
January 16, 2025

ICU string locations



Seasonal Equipment Site
January 16, 2025

Michael Rayne/ASC-ARFF



• Water circulation successful through 
all major modules under pressure. 

Snow ramp to one of two large hotwater tanks.  

Terry Benson (from left) tours the drill camp with Dr. Jean 
Cottam Allen, acting director of NSF’s Office of Polar 
Program, Sheryl Seagraves (ASC, Science Implementation 
Manager, Dr. Linnea Avallone, Chief Officer of Research 
Facilities, Office of the Director, and Albrecht Karle. (Photo: A. 
Karle, IceCube/NSF)

Seasonal Equipment Site



IceCube Population on the Ice

The IceCube Field Team on December 31. The team is 
enjoying a 2-day break. 

Total population (ICU + M&O):  30 
- Upgrade total: 20  
- IceCube M&O (includes Upgrade 

support and winterovers): 10  

Next season 
Total population:  ~50 



On track for deployment in 2025/25

27

• Many tasks are awaiting the M&O team: 

• DAQ commissioning

• Calibration: low level (geometry, DOMs, …), high level, new ice models, including hole ice. 

• Integration of data stream into IceCube

• Filtering streams

• Simulation of the detector in the initial version, advanced versions

• Reconstruction support of new optical modules.

• Successful coordination between project Upgrade and 
IceCube M&O.


• Will be prepared for ICNO with 86 + 7 = 93 strings


