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and the Sweden Camera
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Detector as built
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String layout

• Deployed during this 
Antarctic field season 
2025/26

• Several holes down to 
2600m (lower than 
IceCube)

• 5 new strings with 505 
modules in one Pole 
season

• Low energy extension
because of smaller 
module spacing

In Austral Summer 2025/2026



Motivation
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New detector perspectives
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Why extend IceCube?

• Low energy extension for better oscillation measurement 
capabilities

• New sensor development and more deployment 
experience for the next major planned extension called 
IceCube-Gen2

• New calibration capabilities for improving the knowledge 
about the ice which is still leading systematic in some 
analyses (can be applied to archival data)

https://journals.aps.org/prd/abstr
act/10.1103/nnjw

-jp1n

Neutrino oscillation 
- neutrino oscillation property 

measurements best around a few 
GeV 

- current IceCube starts sensitivity 
around 5 GeV 

- infill array can use standard IceCube 
as veto

New detector perspectives - calibration
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LOMlogging

• Tested new system, called LOMlogger (FAU), to 
measure the ice stratigraphy (depth dependent 
dust concentration) [https://pos.sissa.it/501/1034]

• Light gets emitted into ice during the lowering of 
the string and scattered through the ice to the 
detector
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Deployment data

Light propagation 
- without detailed knowledge of 

the optical properties of ice, 
reconstructions are inaccurate

GeV astrophysics 
- (Super) Novae 
- low energy astrophysical 

sources
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IceCube Upgrade construction site, 
Dark sector, South Pole

IceCube Lab

Seasonal Drill Equipment Site

89

90

88
92

91

93

To South Pole Telescope 

(1/2 km)

To South Pole Station 

(~1.3 km)

IceCube Upgrade 
string locations
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450 mDOM 
one of the 2 baseline designs

Ellipsoid glass with 
thin diameter with 2 

PMT

New sensor generation 
• large, isotropic 

sensitivity 
• directional 

information / noise 
suppression 

• integrated calibration 
systems

New detector status
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Commissioning

• All modules are commissioned and taking monitoring data, working on integrating into standard data stream (anticipated 
to start in fall)

• Trigger concept: per string pre-trigger with single module and multi module coincidence conditions (getting down to 
300Hz event rate for the Upgrade) 

• We expect better reconstruction, due to ~3 times more photosensor area than only having IceCube
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Commissioning

• All modules are commissioned and taking monitoring data, working on integrating into standard data stream (anticipated 
to start in fall)

• Trigger concept: per string pre-trigger with single module and multi module coincidence conditions (getting down to 
300Hz event rate for the Upgrade) 

• We expect better reconstruction, due to ~3 times more photosensor area than only having IceCube
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30 GeV Muon

3x more photo-sensor area
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450 mDOM 
one of the 2 baseline designs

Ellipsoid glass with 
thin diameter with 2 

PMT

10 WOM 
exploratory design

6 Sweden Cameras 
calibration devices

 
This plot by John Kelley shows the number of DOMs deployed versus time. The rate of installation for string 
88 and 89 improved compared to 87. One can also see significant delays in 89 in the earlier part of the 
installation. The overall time was a round one day for the first three strings.  
 

    

Figure: Matthias Schust and Andreas Nöll are focused during DOM installation.  
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ice (see Figure 11). These distinct regions can be identified based on their varying

Figure 11: Raw camera frame from the Sweden Camera video showing the blue laser
beam coming from the upper left corner of the image and shining towards the center of
the image passing through the water column, the new hole ice, and the natural glacier
ice.

brightness levels, which result from di!erences in light scattering properties between the
media. Inside the water, the light is strongly scattered, whereas the new ice is highly
transparent and thus exhibits weaker scattering properties. Scattering inside the glacier
ice, also referred to as bulk ice, is stronger than in the new ice and depends on local
impurities of the ice [6].
To find the boundaries between the di!erent layers, the analysis focuses only on the
area around the laser beam. As illustrated in Figure 11, the laser propagates diagonally
across the raw camera frames. Therefore, each image is first rotated to align the
path of the beam horizontally. Following this alignment, a narrow rectangular region
centered around the horizontal beam is isolated, as depicted in Figure 12. To locate the

Figure 12: Horizontal alignment and isolation of the laser beam region.

boundaries between the di!erent regions (water, new ice and glacier ice), the intensity
profile along the laser beam is analyzed. First, the pixel intensities within the horizontal
strip are averaged over all y-values for each x-position. Next, the gradient of this
averaged intensity is calculated. As demonstrated in Figure 13, the local extrema of the
gradient indicate the sharpest changes in brightness, which can then be assigned to the
boundaries between the water and ice layers.
Based on these detected boundaries and intensity profiles, five visual parameters are
extracted from the camera frames to characterize the optical properties of the ice and
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Figure 13: Mean intensity profile along the horizontal beam axis and its corresponding
spatial gradient. The blue square and blue circle mark the sharpest peaks used to
identify the layer transitions.

the distances inside the borehole:

1. Total scattered light intensity: Derived exclusively from the blue color channel
by calculating the total brightness sum within the glacier ice region. To isolate
the true scattering signal of the bulk ice, the intensity contributions of the water
column and the newly formed hole ice are subtracted from the total sum. The
remaining intensity shows how strongly the laser light scatters in the bulk ice at
the current position of the camera.

2. Thickness of the visible water column: Measures the distance from the water
column to the edge of the ice. Since the laser beam is partially visible within the
liquid water column, tracking this distance allows for monitoring positional shifts
of the camera relative to the borehole wall.

3. Thickness of the newly formed hole ice layer: Calculated from the distance
between the water-to-new-ice boundary and the new-ice-to-glacier-ice transition
detected in the gradient profile.

4. Ratio of hole ice thickness to thickness of the visible water column:
Defined as the ratio between the thickness of the newly formed hole ice and the
thickness of the visible water column.

5. Scattering intensity ratio: Represents the ratio between the mean scattering
intensity of the old glacier ice and that of the newly formed hole ice, indicated by
the green and blue highlighted regions in Figure 13.

By tracking the depth-dependent variations of these extracted parameters as the camera
descends, the ice stratigraphy can be derived and the movement of the camera during
the drop can be analyzed.
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(a) Detailed view of a subset of the visual
information about the camera movement, il-
lustrating occasional transient spikes as dis-
continuous horizontal artifacts resulting from
outlier detections.

(b) Overview of the visual information of the
entire dataset about the camera movement.

Figure 20: Extracted stratigraphy boundaries of the recorded data. The white line
represents the boundary between the water column and the new ice, while the black
line indicates the boundary between the new ice and the bulk ice.
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Drop operation
- measure stratigraphy
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Freeze-in observation
Camera 92H



92H downwards, Day 2, Turbulence
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Camera 92H - Day 9

bubble column?

Re-frozen ice’s bubble column measurement



Ongoing: geometry measurement

Camera 90L watching string 88 
blue LED of ~10 mW in 20 m distance

Camera 92H watching string 90L 
white light of ~ 5 W in 40 m distance
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Summary
• successful low-energy extension of IceCube in 

winter 2025/2026 

• first extension of IceCube after 15 years of stable 
operation 

• significant extension of the scope of IceCube  

• a lot of new data incoming from the IceCube 
Upgrade 

• right now: calibration 

• end of year: science 

• work on IceCube-Gen2 to push the frontiers of 
neutrino astrophysics and particle physics
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Backup

36


