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• Grew up near Berlin 

• 2009–15: B.Sc. and M.Sc. in  
Nuclear, Particle & Astrophysics

@JostMigenda

jmigenda1@sheffield.ac.uk$

• since 2015: PhD on Supernova 
Neutrinos in Hyper-Kamiokande

About meHyper-Kamiokande Design Report:  
https://arxiv.org/abs/1805.04163



• What are neutrinos? 

• Building Hyper-Kamiokande 

• Let’s get physical! 

• Watching the sun shine 

• Watching stars explode

Agenda



Beta Decay

https://commons.wikimedia.org/wiki/File:Beta-minus_Decay.svg, Public Domain



“Dear radioactive ladies and gentlemen, 

[…] I have resorted to a desperate way 
out to save conservation of energy […]” 
— Wolfgang Pauli, letter to Lise Meitner in December 1930

Conserve Energy!
… it’s the law (of nature)
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Let’s Do an Experiment!

&
“there is no practically possible way  

of observing the neutrino” 
— Bethe, Peierls: Nature 133 (1934), p. 532

60,000,000,000 neutrinos

every second
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History

1930s: Beta Decay

1970s: Grand Unified Theories  
            ➔ Can the proton decay, too?
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Neutrino Detection



History doesn’t repeat itself
… but it rhymes

Kamiokande 
1983–1996

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors

5

Kamiokande
(1983-1996)

Super-Kamiokande
(1996-)

Hyper-Kamiokande
(~2026-)

3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
Koshiba, 2002

Nobel Prize image: ®© The Nobel Foundation



History doesn’t repeat itself
… but it rhymes

Kamiokande 
1983–1996

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors

5

Kamiokande
(1983-1996)

Super-Kamiokande
(1996-)

Hyper-Kamiokande
(~2026-)

3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
Koshiba, 2002

Super-Kamiokande 
1996–today

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors

5

Kamiokande
(1983-1996)

Super-Kamiokande
(1996-)

Hyper-Kamiokande
(~2026-)

3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
Kajita, 2015

20× 

Nobel Prize image: ®© The Nobel Foundation



History doesn’t repeat itself
… but it rhymes

Kamiokande 
1983–1996

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors

5

Kamiokande
(1983-1996)

Super-Kamiokande
(1996-)

Hyper-Kamiokande
(~2026-)

3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
Koshiba, 2002

Super-Kamiokande 
1996–today

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors

5

Kamiokande
(1983-1996)

Super-Kamiokande
(1996-)

Hyper-Kamiokande
(~2026-)

3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
Kajita, 2015

20× 

Hyper-Kamiokande 
construction starts 2020

M.Yokoyama (U.Tokyo)

3 generations of Kamiokande family

• Larger mass for more statistics

• Better sensitivity by more photons with improved sensors
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3kton 50kton 260kton×2
20% coverage

with 50cm PMT
40% coverage

with 50cm PMT
40% coverage

with high-QE 50cm PMT

?
TBD, 20??
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Nobel Prize image: ®© The Nobel Foundation



In Super-Kamiokande, every day …

>10,000,000,000,000,000,000,000
solar neutrinos pass through. 

(That’s 1022.)

10–15
get detected.



Neutrino-Electron Scattering

e−

sonic boom, but with light
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Neutrino-Electron Scattering

e−
emits Cherenkov light because it moves 
faster than the speed of light in water  
(but still slower than the speed of light in vacuum)

sonic boom, but with light
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Photosensors Detect This Cone of Light







https://www.flickr.com/photos/144153098@N08/38622329384

Hyper-K
Le Radiophare on flickr, CC-BY 2.0

https://www.flickr.com/photos/144153098@N08/38622329384
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Photo-coverage 40%
Water tank and Approach tunnel   Perspective image

650 m  
underground



Photo-coverage 40%
Water tank and Approach tunnel   Perspective image

650 m  
underground

“Boring Surveys”



Is local infrastructure (roads, electricity, water) sufficient?  

Where can you store excavated rock?

Excavate Cavern



Water for 5000 people



Water for 5000 people



Water for 5000 people

Long hair?  
Beware!



• Photomultiplier Tubes (PMTs) 

• earlier: one cable per PMT 

• now: one cable for multiple PMTs 

• need watertight, low-power electronics 
to digitize & combine signals 

• need mesh networking for redundancy

40,000 Pixels







17 countries, >300 people, many timezones …

Hyper-Kamiokande Members
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… and
 much 

more!



NASA/SDO: https://www.nasa.gov/mission_pages/sunearth/news/News021311-flare.html

Why Does the Sun Shine?
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Why Does the Sun Shine?

Temperature: 
15.5 Mio. K ±1%



Y. Nakano (Super-Kamiokande collaboration): https://indico.cern.ch/event/606690/contributions/2591501/

Observed 8B solar neutrino signal

SK 
phase

Energy threshold
[MeV(kin)]

Live time
[day]

8B Flux
[×106/cm2/sec]

SK I 4.5-19.5 1496 𝟐. 𝟑𝟖 ± 𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟖

SK II 6.5-19.5 791 𝟐. 𝟒𝟏 ± 𝟎. 𝟎𝟓−𝟎.𝟏𝟓+𝟎.𝟏𝟔

SK III 4.0-19.5 548 𝟐. 𝟒𝟎 ± 𝟎. 𝟎𝟒 ± 𝟎. 𝟎𝟓

SK IV 3.5-19.5 2365
2645

𝟐. 𝟑𝟐 ± 𝟎. 𝟎𝟐 ± 𝟎. 𝟎𝟒
Under preparation

◆8B neutrino measurement

A total of 84k solar neutrinos 
were observed until March 2016.
(89k events until March 2017)

Measured 8B fluxes are consistent 
within uncertainties.

SK I-IV combined flux (until March 2016)
DATA/MC = 0.4486±0.0062(stat.+syst.)
2.355±0.033 (stat.+syst.) × 𝟏𝟎𝟔𝐜𝐦−𝟐𝐬𝐞𝐜−𝟏

𝝊𝒙 + 𝒆− → 𝝊𝒙 + 𝒆−

Cherenkov light generated by 
recoil electron scattered with ν.

: Data(stat. only)
: Best fit
: Background

Preliminary

p.7

MC: 5.25×106/cm2/sec
(SNO: NC current, Phys. Rev. C88 (2013) 022501.)

The Sun in Neutrinos



Exploding Stars – Supernovae

Before After



NASA/ESA, Hubble Key Project Team, High-Z SN Search Team 
http://www.spacetelescope.org/images/opo9919i/

SN1994D in galaxy NGC 4526



NASA/ESA, Hubble Key Project Team, High-Z SN Search Team 
http://www.spacetelescope.org/images/opo9919i/

SN1994D in galaxy NGC 4526

“However big you think supernovae are, 
they’re bigger than that.” 
— Donald Spector 
Quoted in: R. Munroe: What if? Serious Scientific Answers to Absurd Hypothetical Questions, p. 175. Houghton Mifflin 
Harcourt, Boston (2014).



http://what-if.xkcd.com/73/ (CC-BY-NC 2.5)

http://what-if.xkcd.com/73/
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http://what-if.xkcd.com/73/ (CC-BY-NC 2.5)

http://what-if.xkcd.com/73/


• One of the biggest bangs since the Big Bang! 

• Produces a neutron star or black hole 

• Birthplace of new stars

NASA/ESA, Hubble Key Project Team, High-Z SN Search Team 
http://www.spacetelescope.org/images/opo9919i/

SN1994D in galaxy NGC 4526

Supernova
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The Origin of the Chemical Elements
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The Origin of the Chemical Elements



Life can’t exist 
without supernovae.



Luckily, most* supernovae 
produce lots of neutrinos.

* This talk ignores type Ia SNe.

Telescopes Can’t See Beyond the Surface

NASA/SDO: https://www.nasa.gov/mission_pages/sunearth/news/News021311-flare.html



What We Know …

February 23, 1987: SN 1987A 
Large Magellanic Cloud, ~160,000 light years
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✅ ~99% of energy ➔ neutrinos

✅ ν arrive ~hours before light

• 1600+ papers written about 
these events

What We Know …

February, 2017: 30th anniversary 
Tokyo
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• … comes from computer simulations – which are hard!

• all fundamental forces play a role

• nonlinear hydrodynamics

• relativistic (infall velocity: ~10% of c)

• extreme conditions
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• … comes from computer simulations – which are hard!

• all fundamental forces play a role

• nonlinear hydrodynamics

• relativistic (infall velocity: ~10% of c)

• extreme conditions

• Stars often don’t explode in these simulations?

• Take any simulation results with a grain of salt!

What We Think We Know …

“There is a rather long list of numerical challenges and 
code verification issues […]  
The results of different groups are still too far apart to 
lend ultimate credibility to any one of them.” 

— Skinner, Burrows, Dolence (arXiv:1512.00113)
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The Life of a Star



The Life of a Star
Death



Note: 

The following slides rely heavily on animations 
and won’t make any sense without them. 

If possible, please watch the video.

sorry about t
hat … 

!



1) The Core Collapses

iron core 
~1.5 Msun



1) The Core Collapses
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2) A Shock Wave Forms …
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2) A Shock Wave Forms …
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3) … Slows Down …

%%%



4) … and Gets Revived

%%%%%%%



5) The Star Explodes
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5) The Star Explodes
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shock wave stops 
& sloshes around

star cools down, 
neutrinos escape)



Supernova Neutrino Detectors

Super-Kamiokande 
4000 events

IceCube  
106 events, much background

4000 events, background 
NOvA

other detectors 
20–400 events each



Supernova Neutrino Detectors

snews.bnl.gov/alert.html
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Supernova Neutrino Detectors

snews.bnl.gov/alert.html

SN ob
serva

tions
 

have 
a bri
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Summary

• Neutrinos are “ghost-like” elementary particles 

• A glimpse behind the scenes of a next-gen neutrino 
detector: Hyper-Kamiokande 

• Can observe things that can’t be observed directly 
through any other means 

• energy production inside our Sun 

• how stars explode



@JostMigenda

The University of Sheffield’s Physics Building 
Matthew Malek, 2016

What Questions Do You Have? jmigenda1@sheffield.ac.uk$


