
A Summer in the 
tank:

Particle Physics at Super­Kamiokande 
An M?J?Murdock Partners in Science 

Project

July & August ????





? Collaborative project involving  Japan, 
USA, Korea, & Poland with a focus on 

particle physics~Neutrino research

~Proton decay

~Cosmic ray detection (Supernova search)

What is Super-Kamiokande (Super-K)?



Here is Super-K!

1000 m



Technically, Super-K is 
a:

Cerenkov Radiation Detector –
?contains 50, 000 tons (that’s 11.2 million 
gallons)of ultra-pure water encased in a 
stainless steel cylinder (40 m high & 40 m in 
diameter) 

? currently contains over 5000 
photomultiplier tubes (PMTs) that constitute 
the inner detector (ID)

? and 1885 photomultiplier tubes 
constituting the outer detector



Where is Super-K?



Getting 
closer!



Here is where 
we enter the 

mine.



Route 41 to the mine

Toyama Town



A quick overview of how Super-K works

(Ghost –particles to be 
“caught” by 
PMTs)

(Cerenkov radiation 
investigated by PMTs)



What’s The 
BIG Fuss 
About?



Frederick Reines 
(1995 Nobel 
Laureate) and the 
Neutrino



On  September 3rd ,1973, the first observation of 
“neutral current" interactions, were recorded at 

CERN. 

These particles are the debris of a nucleus in the 
bubble chamber liquid, which has been struck by 

one of the energetic, but invisible neutrinos.



Neutrino Research is
global in scope



Overview of Particle Physics



They’re the 
little guys 
everywhere!



Now, a look at the workings of 
Super-K



When the  
floor is 

completed, 
the ID will 

house  
11,146 PMTs, 
each with a  
diameter of   
52 cm (20 in)





My job 
is to 

change 
light 
into 

electrica
l current



Installing the floor of the 
detector



The dome above the tank houses 
data acquisition electronics & a 

linear particle accelerator



Filling the tank with 11.2 million 
gallons of ultra-pure H2O



How the ultra-pure 
water is created

A bank of 
filters



Views of the OD before 
the tank is sealed up



Post–accident – the 
floor of the inner 

detector

The fateful day occurred on November 12, 
2001   

Implosion 
Simulation 
w/audio –
real time

53%

47%

PMTs remaining 
post- accident 

PMTs lost during 
accident 



Post-accident & 
after initial clean up

Pre-accident 



Test #1 of 
shielded 

PMTs

Test #2 of 
shielded 

PMTs

Let’s look @ 
some PMT 

tests



The BIG BOY –
world’s largest 

mass -
produced PMTs

Note acrylic 
shields and 

empty 
spaces



The outer 
detector’s PMTs 

are 20 cm ( 8 
inches) in 
diameter



Just what does Super-K 
measure?





A neutrino strikes a proton and produces a muon. 
Color scale is time from 987 to 1080 ns with 2.3 ns 
step. PMTs close to the vertex were hit earlier than 

PMTs farther away. 

Event 
begins



Multiple ring event. This event was one of the close candidates 
for proton decay into positron and pi zero. Recorded on 9-24-
97, it did not pass analysis cuts. Time color scale spans 80 ns.

Event 
begins



Through-going muon. The muon entered through the flat circular 
part of the detector near the bottom of the picture.Recorded on 

5-30-96. Time color scale spans 262 ns.

Event 
begins

These four  images were created by
Tomasz Barszczak, on 3-10-99 , doctoral student @ 
UCI



Fresh 
air 
intake

What about background effects?
Dealing with radon

Movin’ 50 m3/min

Let’s change hot , humid air 
to cool , dry air

Here’s the humidity 
– 50 gal/day



Into the mine we go!



~Drain the cylindrical 
tank – 2.1 m of  depth 
across of a diameter of 
40 m over 8 hrs

~How many gallons of 
H2O is that?

~ 696, 856 gallons

The typical repair cycle for the 
OD



The typical repair cycle for the 
OD

Day 1 –

~Install newly 
assembled PMTs 
w/wave-shifters



Days 2 & 3 -

~Hang tyvek sheets and 
expose PMTs

The typical repair cycle for the 
OD



The typical repair cycle for the 
ODDuring the repair cycle, two activities occur simultaneously:

1st - assembly of up to 75 PMT/wave-shifter units



2nd - Splicing in the replacement PMTs with existing 
cables

The typical repair cycle for the 
OD



- and testing cable 
continuity via the Mother 
of All NIM Crates!

The typical repair cycle for the 
OD



Final touches 
on installing an 
outer detector 

PMT



What is next for Super 
K?

?More neutrino parameters

?Future supernovae
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Personal benefits:
•Knowledge of particle physics 
•Encourage physics students to consider teaching
•Workings of a neutrino detector

•Reconstruction techniques
•Supervision of the tank team
•Greater understanding and appreciation of Japanese 
culture
•New friends and colleagues



Well, it is about time 
for another neutrino 

shower.

And a big 
thanks to:

M.J. Murdock Foundation University of Washington

Dr. Jeffery Wilkes Hans Berns


