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The Fantastic Four ®
©1996 Marvel Comics
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Primary cosmic ray

Mostly muons, electrons and 
photons at Earth’s surface

Development of a giant air 
shower in the Earth’s 

atmosphere



Development of a giant air 
shower in the Earth’s 

atmosphere
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• 4 weather-proof enclosures for detectors
• 4 cosmic-ray detectors (polystyrene scintillator tiles and photomultiplier tubes)
• GPS receiver
• Power supply for detectors (not shown)
• Personal computer for data acquisition, monitoring, and data analysis with

connection to Internet
• Triggering and data-acquisition electronics card connected to PC
• Software for PC
• Cables from rooftop detectors and GPS to PC
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Computer
Inside School

Global
Positioning
System Receiver
(GPS)

Cosmic-ray Detectors
Inside Weather-proof Enclosures

Cable
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The Chicago Air Shower ArrayThe Chicago Air Shower Array
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Weatherproof box top

Lead sheets

Electronics card

4 scintillators and PMTs
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U.S. Army Photo
September 30,

1999
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CASA detectors’ new home 
at the University of Nebraska
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The Cosmic Ray 
Energy Spectrum

Hockey PuckHockey Puck

Bounced 
Superball

Bounced 
Superball

Pitched baseballPitched baseball

FERMILAB’s protonsFERMILAB’s protons
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showed the recently discovered cosmic microwave background radiation
(CMBR) effectively makes the universe opaque to 

sufficiently high energy cosmic ray particles.
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1966 - K. Greisen, G.T.Zatsepin & V.A.Kuz’min

For example: pγ*→∆+→π0p
→∆+→π+n

and similar resonances yield attenuation lengths mere 
10s of Mega parsecs for cosmic ray protons with E>1019 eV.

Center of (our)Virgo supercluster is ~20 Mpc away
Diameter of Milky Way disk = 0.024 Mpc
Distance to Andromeda galaxy = 0.6 Mpc

All E>1019 eV primaries must originate within 100 Mpc of the earth

p

γ
π
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July 2000 Major funding secured from the U.S. National          
Science Foundation ($1.34 Million over 5 years)

Summer 2000 5 schools join CROP via 4-week summer
Summer 2001     6 schools   training workshops
Summer 2002     5 schools   (17 total)

2000 – 2003         Schools embark on program of mini-experiments
with detectors they have refurbished and 
installed in building or on rooftop

2000-2002           Development of DAQ card, GPS interface

Spring 2003        Production run of DAQ card, distribution
to schools

Summer 2003     Simultaneous data-taking begins



The Cosmic Ray Observatory Project (CROP)

A Proposal to the National Science Foundation program for 

Teacher Enhancement through Research 
Experiences for Students and Teachers

Gregory R. Snow and Daniel R. Claes
Department of Physics & Astronomy

116 Brace Laboratory
University of Nebraska

Lincoln, Nebraska 68588-0111

August 1999

($1,000,000 requested over 5 years)
awarded: $1,340,002
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Possible Source of Coincident,Widely-Separated Showers 
The GZ Effect (Gerasimova-Zatsepin)

Cosmic ray iron nucleus

Optical photon from the sun

Earth’s Surface

Nuclear fragments from 
photo-disintegration

• Watson and Medina-Tanco
revisit this 1960-predicted 
phenomenon in 
astro-ph/9808033

• Calculation for 6 × 1017 eV
Fe → Mn + proton

• Shower separations of 
100’s to 1000’s of kilometers 
possible, dominated by 
deflections by interplanetary 
magnetic fields

• Rates not encouraging
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Lab Curriculum
• Polishing, cleaning scintillator
• Gluing PMT and wrapping scintillator
• Assembling high-voltage supply
• Oscilloscope lesson
• Turning on counters, source tests, finding/fixing light leaks
• Measure counter efficiency, high voltage plateau

Class Curriculum
• History of cosmic rays
• Interaction of charged particles with matter
• Scintillators and photomultiplier tubes
• Cosmic ray energy spectrum
• Julian calendar, UTM, galactic coordinates
• Global positioning system
• Ionizing particle detectors
• Calorimeters and showering
• Particle zoo and the Standard Model
• Tour of high-energy particle accelerators
• Random events, probability
• Monte Carlo simulations
• Lightning protection

Curriculum 
Topics 

Available
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Scintillators and Photomultipler Tubes

• Understand the basic operation of CROP scintillation
counters and photomultiplier tubes (PMTs) and their
use in measuring cosmic ray air showers

• Understand how light is generated in a scintillator

• Understand how light is transmitted to a PMT

• Understand how a PMT generates an electric signal

• Be able to hook up a scintillation counter to its high
voltage and an oscilloscope for viewing signals

• Be able to identify light leaks in a scintillation counter

• Be able to observe scintillation counter signals using
an oscilloscope and identify cosmic ray muons

• Be able to discuss scintillation counter performance
in terms of gain, efficiency and attenuation length

Each classroom session begins with a set of learning objectives



Energy absorption and emission diagram

Electron 
ground
state

Electrons drop back
to ground state,
emitting fluorescence 
or scintillation light

Electrons excited
to higher energy
levels when a
charged particle
passes, absorbing
part of its energy



Schematic drawing of a 
photomultiplier tube

Photons eject 
electrons via 
photoelectric effect

Photocathode

Each incident
electron ejects
about 4 new
electrons at each
dynode stage

Vacuum inside tube

“Multiplied” signal
comes out here

An applied voltage
difference between
dynodes makes
electrons accelerate
from stage to stage

Incident light from scintillator



Scintillation Counters and Photomultiplier Tubes

Oscilloscope traces from scintillation counters

Plastic scintillator

5000 nsec / division
(Longer time scale for
fluorescence to occur)

Inorganic crystal, NaI

10 nsec / division
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Mini-experiments for CROP Schools

1

11

3

2

2 2

3 3

With counters spread out in horizontal plane
• 3/4 and 4/4 coincidence 

rate vs counter separation
• Optimization of counter geometry on 

school rooftops

With 4 counters stacked in vertical telescope
• Coincidence rate vs. barometric pressure
• Day-night variation of cosmic ray rate
• Coincidence rate vs. angle of incidence

• Using NIM electronics on loan from Fermilab

• Muon lifetime
measurement

• Singles rates vs. rainfall
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• Statistical error bars shown
• 1.3% decrease per mmHg

Marian High School’s Measurement
of Cosmic Ray Rate vs. Barometric Pressure
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5 Volt
DC power

To PC
serial port

Four analog
PMT inputs

Discriminator
threshold

adjust

GPS receiver
input

Event
counter

Programmable
logic device

Time-to-digital
converters

�	����
�
�
�%#���������������������
��

����������	
���
�����	�����������
��	 ��������������
�������
�����

�  !�"�# �$!����%��%��%��
������������
	��&����'���� ()*��
%���+�����
������
��

� ,�-.� �
��������
����
�����+�/�
������&
��
0 ����% �������
��



Programmable
microcontroller

Programmable
gate array

TDC
Time-to-digital

converter

DiscriminatorsAmplifiers

Barometer,
temperature

GPS
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1.  Connect the scintillator cable with a 50-ohm “T” into Ch 1 adapter
2.  Turn the oscilloscope on by depressing the power button.
3.  The display should show a graph and some sort of signal, example:
4.  If no signal, make sure to select the Ch 1 menu.
5.  You can change the settings by depressing the buttons to the right of the display, should read:
6.  Make sure the volts/div is set around 100 mV (shows on display  bottom left corner), examples:
7.  Make sure the sec/div is set around 10.0 ns (shows on display bottom middle), examples:
8.  Select trigger menu, change settings by depressing buttons to the right of the display, should read:
9.  To view only the signal with certain mV (generally greater than 50 mV) use the

trigger knob to move cursor on vertical axis (shows on display bottom right 
corner underneath menu), examples:

10. To change position of signal in vertical direction use the vertical knob for Ch1.
11. To change position of the signal in horizontal direction use the horizontal position knob.
12. To freeze view of single signal depress the RUN/STOP button (press again to resume

continuous signal) example of a good signal:
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The Washington-Area Large-Scale
Time-Coincidence Array

���������������������	��
	���
����������
��
�������	��
	���
����������
��


Seattle area map showing schools

• CROP’s closest relative

• Run by University of Washington, Seattle
Jeff Wilkes, et al.

• WALTA also uses refurbished CASA detectors

• WALTA and CROP collaborating with Fermilab
on data-acquisition electronics card

• Funding limited, but boost came by turning
QuarkNet associate teacher workshop into
WALTA workshop, August 2001



WALTA/QuarkNet One-week Summer Workshop
University of Washington

August 2001

Seattle teachers and WALTA staff Refurbishing CASA scintillators



Working with NIM electronics

Graduate student Heather Zorn giving
oscilloscope lesson to teachers

Rates from a two-layer
telescope

WALTA/QuarkNet Summer Workshop
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• 164 detector stations recovered

• 2 detectors per school foreseen

• About 39 schools in process
of being outfitted



ALTA: The Alberta Large-Scale 
Time-Coincidence Array

City of Edmonton

• Run by the University of Alberta, Edmonton
• Jim Pinfold, John McDonald, et al.
• Funding: Canadian research and education organizations

and corporate sponsorship



The NRW Array: NordRhein, Westfallen Array

• Project in its early stages

• Headed by Karsten Eggert, CERN
and Hinrich Meyer, Wuppertal

• Funding possibilities from German
government and telecommunications
industry

• First scintillator prototypes at a
Fachhochschule in Düsseldorf

Target cities in northwestern Germany

http://nrw-array.de



Colorado
• Aspen High School, Aspen, CO

• Basalt High School, Basalt, CO

• Roaring Fork Valley High School,
Carbondale, CO

• Lake County High School,
Leadville, CO
The highest-elevation school
in the U.S. -- 10,152 feet ASL

Illinois
• Wheaton North High School, 

Wheaton, IL

SALTA: Snowmass Area Large 
Time-Coincidence Array



Austrian physicist Victor HessAustrian physicist Victor Hess
on his 1912 balloon flight to studyon his 1912 balloon flight to study

the origin of cosmic rays.the origin of cosmic rays.

Celebrating 90 years of
cosmic ray research

1912 - 2001

Sponsored by the 
SSnowmass AArea LLarge-scale

TTime-coincidence AArray
SALTASALTA



Replica of Replica of 
Hess’ ElectroscopeHess’ Electroscope

Portable GeigerPortable Geiger
Counters Counters 

Wilkes inWilkes in
HessianHessian
OutfitOutfit



Lift off !

Data transmitted live
to ground via radio

Crowd gathers
to watch

Victor Hess
flight reenactment

Unicorn Balloon Company, Snowmass, CO



Snowmass Balloon Flight 2001
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July 7 flight

July 8 flight

Ground level at Snowmass

• Two flights with consistent
results

• Hovered at 1000 ft increments
in altitude for 5 minutes

• Cosmic ray rates measured 
with portable Geiger counters

• Same effects observed 
by Victor Hess

• See FermiNews, July 27, 2001



SALTA Workshop, July 2001, Snowmass, CO

Polishing scintillator
panel edges outside
Conference Center

Applying
optical
cement
to glue

phototube

Many
phototubes

glued
at once



SALTA Workshop, July 2001, Snowmass, CO

Final cleaning

Aluminum
foil wrapping

Making detectors light-tight

SALTA group photo
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