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The South Pole
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LC-130
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Weather at the South Pole
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IceCube
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IceCube x 400000 
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Drilling
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Cherenkov Light
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First detection of high-energy extragalactic 
neutrinos
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Where do the neutrinos come from?
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IceCube Target of Opportunity Program

Goal: Find electromagnetic counterpart
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Optical Follow-up of Neutrino Events

Zwicky Transient Facility, 1.2 m 
telescope, Mt Palomar
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ZTF Follow-up Pipeline

1. high-energy 
neutrino 
alert arrives

2. Observe 
with ZTF

3. Follow-up 
with AMPEL

4. Trigger further follow-up observations

Reject 
unrelated 
transients 

(e.g. Type Ia
SNe)

Reject stars, planets, 
artifacts, asteroids
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AT2019dsg / “Bran Stark” coincident with 200 TeV
Neutrino IC191001A

R. Stein et al., Nature Astronomy 2021

neutrino

z = 0.051

Distance:  z = 0.05 (d=230Mpc)

Time [days]
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Tidal Disruption Events

Animation: DESY, Science Communication Lab



Page 47

Tidal Disruption Events

~50 TDEs identified, 3 jetted TDEs
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AT2019dsg / “Bran Stark” coincident with 200 TeV
Neutrino IC191001A

R. Stein et al., Nature Astronomy 2021

neutrino

Chance coincidence: 0.2% to find a TDE that bright

z = 0.051

Distance:  z = 0.05 (d=230Mpc)

Time [days]
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AT2019dsg / “Bran Stark” coincident with 200 TeV
Neutrino IC191001A

R. Stein et al., Nature Astronomy 2021

neutrino

Chance coincidence: 0.2% to find a TDE that bright
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Young Investigator Group at DESY
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How did I get here?
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How did I get here?
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How did I get here?
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backup
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Neutrinos can escape the densest 
environments!

For example the 
center of the Sun

70 billion neutrinos 
per second through 

your fingernail

Neutrinos helped us 
to understand how 

the Sun work!

neutrino



Page 60

Neutrinos are produced when Stars die

Heavy stars die in a powerful explosion 
called Supernova

The supernova outshines the entire 
galaxy with 100 billion stars

SN1987A: Neutrinos arrived 3h 
before optical light

1058 neutrinos emitted
11 detected
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Neutrinos are produced when Stars die

Heavy stars die in a powerful explosion 
called Supernova

The supernova outshines the entire 
galaxy with 100 billion stars

SN1987A: Neutrinos arrived 3h 
before optical light

1058 neutrinos emitted
11 detected

99% of energy release in 
neutrinos


