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1 IceCube Summer Student Program

The IceCube Summer Student Program is specially designed to collaborate with Thailand and IceCube.
This program is held for 8 weeks or 2 months, providing an opportunity for Thai students in Bechelor’s
degree and graduate students to work on projects relevant to IceCube neutrino research at Wisconsin
lceCube Astrophysics Center (WIPAC), Wisconsin, USA. Every year two Thai students will be selected by
the interview examination by the selection committee and finally selected by Her Royal Highness Maha
Chakri Sirindhorn to attend the IceCube Summer Student Program. Financial support will be supported
by the Information Technology Foundation under the Initiative of Her Royal Highness Princess Maha Chakri

Sirindhorn and Wisconsin IceCube Particle Astrophysics Center (WIPAC).

The Wisconsin IceCube Particle Astrophysics Center (WIPAC) held an IceCube software workshop in June,
designed for collaborators and students worldwide. The workshop provided participants with the opportunity
to gain deeper insights into the IceCube Neutrino Observatory, working alongside IceCube researchers. Thai
students from the IceCube Summer Student Program were also able to participate in this workshop.
Following the workshop, students will have the opportunity to join an IceCube working group at WIPAC to

further their learning and work on a project during the summer.

In 2024, the Wisconsin IceCube Particle Astrophysics Center (WIPAC) offered scholarships for two Thai
students to travel to the USA and work on projects related to IceCube neutrino research. The scholarship
covered monthly expenses and accommodation during their stay at the University of Wisconsin-Madison.
The Information Technology Foundation, under the initiative of Her Royal Highness Princess Maha Chakri
Sirindhorn, supported travel expenses, visas, and additional costs. Eligible students for the program must
be in their 3rd or 4th year of undergraduate studies or currently enrolled in graduate studies (Master’s or
PhD) in a related field. They should have previously studied in one of the following courses: (1) Cosmic
Rays, (2) High Energy Astrophysics or High Energy Physics, (3) Computational Astrophysics or Computational
Physics, (4) Observational Astrophysics.
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2 IceCube Neutrino Observatory

The IceCube Neutrino Observatory or IceCube was developed by the University of Wisconsin-Madison.
lceCube located at the Amundsen-Scott South Pole Station in Antarctica, has detectors to detect an
entering of high-energy particles such as neutrinos from high-energy astrophysical sources like black holes,
supernovas, and active galactic nuclei (AGNs). IceCube consists of 5,160 spherical optical sensors called
Digital Optical Modules (DOMs), attached to vertical “strings,” frozen into 86 boreholes each with a ten-inch
photomultiplier tube and associated electronics deep under the Antarctic ice. DOMs are arranged in strings
of 60 modules each, positioned at depths ranging from 1,450 to 2,450 meters within holes drilled into
the ice using a hot water drill. When a neutrino interacts with the ice, it produces electrically charged
secondary particles, such as muons. These particles emit Cherenkov light as they travel through the ice
at speeds faster than light in that medium. The DOMs can then detect these signals. On the surface,
there is IceTop, composed of 81 stations positioned above the same number of IceCube strings. Each
station contains two tanks, each fitted with two downward-facing DOMs. Originally built as a veto and
calibration detector for IceCube, IceTop also detects air showers produced by primary cosmic rays with
energies ranging from 300 TeV to 1 EeV. The surface array measures the arrival directions of cosmic rays

in the Southern Hemisphere, as well as their flux and composition.
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Figure 1: IceCube Neutrino Observatory
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2.1 IceCube-Gen2 Neutrino Observatory

IceCube-Gen2 is the next version of the current IceCube neutrino observatory. It will be larger and able
to detect a wider range of energies. A component of IceCube-Gen2 will be its optical array, which will be
eight times larger than the current IceCube. This array will be designed to detect neutrinos with energies
from hundreds of TeV to several hundred PeV. They have developed a new design for the optical detector

in the IceCube Upgrade and IceCube-Gen2, focusing on advancements in sensor technology.

v lceCube-Gen2 Radio ® IceCube-Gen2 Optical ® IceCube + IceCube Upgrade

25m

Figure 2: Top view of the envisioned IceCube-Gen2 Neutrino Observatory facility at the South Pole station,
Antarctica. [reference picture: IceCube-Gen2 Neutrino Observatory]

The IceCube-Gen2 Collaboration consists of over 400 scientists and technicians from around the world. It
builds on the existing IlceCube organization, which is headquartered at the University of Wisconsin—-Madison
and currently operates the IceCube observatory. The construction of the various IceCube-Gen2 detector

arrays is led by teams from the U.S., Germany, and Japan, with contributions from 12 additional countries.
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Figure 3: IceCube-Gen2 collaboration map (August, 2023).
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3 IceCube summer school 2024 (IceCube Bootcamp)

The 2024 IceCube Summer School, formerly known as Bootcamp, will be held at 222 West Washington Ave
in Madison, WI from June 3 - 7, 2024. It is organized annually by WIPAC as an intensive workshop covering
various topics related to IceCube, such as the IceCube neutrino detector, multi-messenger astronomy,
physics, statistics, and data analysis from the IceCube Neutrino Observatory at the South Pole. Additionally,

participants will gain hands-on experience in data analysis, and software programs. The schedule is as

follows:

Figure 4: Participants of IceCube Summer School 2024.

Figure 5: We got a certificate after finishing the IceCube workshop.
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3 June 2024
09:00 - 09:10 | Introduction: Summer School and IceCube Organization
09:10 - 09:45 | Physics: IceCube Science
09:45 - 10:15 | Detector: IceCube Detector
10:15 - 10:45 | Coffee Break
10:45 - 11:45 | Physics: Multimessenger Astrophysics and Cosmic Rays
13:00 - 14:00 | Physics: Working Group Summaries
14:00 - 14:30 | Coffee Break
14:30 - 15:10 | Physics: Working Group Summaries
15:10 - 17:20 | Computing: Python Tutorial
4 June 2024
09:00 - 10:00 | Detector: IceCube Upgrade and Gen2
10:30 - 11:00 | Diversity, Equity, and Inclusion: IceCube Outreach
11:00 - 11:30 | Software: Github, lceCube NPX/Grid
13:00 - 14:00 | Computing: Software Setup: JupiterHup, NPX, Grid, Github
14:30 - 16:00 | Workshop: Point Source Workshop
16:30 - 18.30 | Social events: Terrace Hangout (TBD)
5 June 2024
09:00 - 09:30 | Statistics: Analysis Statistics
09:30 - 10:00 | Detector: Life at the South Pole
10:30 - 11:30 | Physics: IceCube Analyses and Event Selections
13:00 - 14:00 | Software: IceTray Introduction
14:30 - 16:00 | Software: 13 File Tools and SteamShovel
16:30 - 18:30 | Social events: Hiking (TBD)
6 June 2024
09:00 - 10:00 | Physics: Machine Learning / Neural Networks and Neutrino Physics
10:30 - 11:30 | Physics: Diffuse Neutrinos and Detector Physics
13:00 - 14:00 | Workshop: Machine Learning Exercise
14:30 - 16:00 | Workshop: Analysis Debugging
16:30 - 18:30 | Social events: Board Game Night (TBD)
7 June 2024
09:30 - 10:00 | Physics: IceCube Simulation
10:30 - 11:30 | Physics: Event Reconstruction and Ice Models
13:00 - 14:00 | Workshop: Diffuse Exercise
14:30 - 15:00 | Physics: Radio Neutrinos
16:30 - 18:30 | Social events: Capital Tour (TBD)
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4 IceCube-Gen2 Optical Detector

IceCube-Gen2 will add 120 strings of optical modules to the original IceCube observatory. A surface map
of the new strings and their locations with respect to the existing array is plotted in Figure 6. The upgraded
optical module requires sensors with good surface uniformity, a wide dynamic range, and a time window

that is large enough to capture all detectable photons.
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Figure 6: The surface map of IceCube-Gen2 reference design is shown in relation to the original IceCube
array (gray area) [reference picture: IceCube-Gen2 Neutrino Observatory]

4.1 Photomultiplier tube (PMT)

Photomultiplier tubes (PMTs) are the key parts that detect Cherenkov photons in the optical array. The
module’s ability to detect light depends on the total photocathode area of the PMTs inside the pressure

vessel.

Figure 7: Pictures of the custom-designed short neck 4-inch Photomultiplier Tubes. The left photograph
is the PMT produced by Hamamatsu photonics, and the right photograph is the PMT produced by NNVT.
[reference picture: IceCube-Gen2 Neutrino Observatory]
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4.2 The optical sensor

Simulation studies were conducted to optimize the placement of PMTs and the design of gel pads. There
are three generations of optical sensors.

1. IceCube DOMs with a single PMT

2. IceCube Upgrade optical modules: D-Egg and mDOM

3. IceCube-Gen2 DOMs in two design variants with 16 and 18 PMTs

Figure 8: The IceCube upgrade sensors: mDOM (left) and D-Egg (right), the IceCube Gen-2 optical sensor:
DOM-16 (middle left) and DOM-18 (middle right). [reference picture: IceCube-Gen2 Neutrino Observatory]
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Figure 9: Comparison of the effective area as functions of zenith angle (left) and wavelength averaged over
solid angle (right). [reference picture: IceCube-Gen2 Neutrino Observatory]
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