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Outline

* Introduction to cosmic-ray extensive air showers

* CROP project overview and goals

* Tour of experiments which study extensive air showers
+ The cosmic ray energy spectrum & 6ZK cutoff

* The science of CROP

* CROP’s program of summer workshops

* "Mini-experiments”

- Singles rates vs counter separation

* Telescope rates vs time of day
* Telescope rates vs barometric pressure

- Academic Year Workshop/Conferences
* Data acquisition card with GPS time stamp

* Other cosmic ray outreach programs
- NALTA: WALTA, CHICOS, ALTA

+ European efforts

+ SALTA/Snowmass



Development of a giant air
shower inthe Earth’s
atmosphere
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M ostly muons, electrons and
photons at Earth’s surface




Development of a giant air
snower inthe Earth’s
atmosphere

|
Kadhlisicr |
SR | i E




A How a cosmic-ray air shower is formed and detected

H"'-. Primary cosmic rays (mostly protons or light nuclei)

impinge on earth’s atmosphere from outer space
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“Air shower”
of secondary
particles
formed by collisions
with air molecules

6rid of particle detectors
intercept and sample
portion of secondaries

*! 1. Number of secondaries
related to energy of primary

= || 2. Relative arrival time
reveals incident direction




CROP studies ultra-high energy extensive cosmic-ray air
showers using a grid of high-school based research stations

What we can learn: / Primary
Number of secondaries detected cosmic ray
related to energy of primary

2. Relative arrival time
reveals incident direction

Shower core:
hard muons

Shower front —— il —




12km

A 101° eV Extensive Air Shower

100 billion particles
at sea level

Note the large ground area
hit by shower particles




The Cosmic Ray Observatory Project
A grid of cosmic ray research stations
expanding across the state

Nebraska High Schools 450 miles

Nebraska's 314 high schools
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Lincoln

250
miles




Cosmic-ray Detectors
Inside Weather-proof Enclosures

Global
Positioning
System Recelver

CROP detectors on
school roof

Computer /

Inside School

Inventory of equipment at school

* 4 weather-proof enclosuresfor detectors

4 cosmic-ray detectors (polystyrene scintillator tilesand photomultiplier tubes)

» GPSrecever

» Power supply for detectors (not shown)

* Personal computer for data acquisition, monitoring, and data analysis with
connection to I nternet

 Triggering and data-acquisition electronics card connected to PC

 Software for PC

» Cables from rooftop detectorsand GPSto PC




CROP Project Goals

Educational
Prepare teams of high school teachers and students to get involved
in studies of extended cosmic ray showers using modern research
Techmques
* 4-week summer intensive training program at UNL

- Biweekly phone conferences or chat rooms

- Two 1-day meetings every year

- Web-based help pages

Scientific
Build a statewide network of cosmic ray detectors.
- Retired CASA detectors in weather-proof enclosures on roof
* GPS receiver gives local time stamp for shower arrival
» PC inside school takes data through a DAQ card at each site
- Student teams share data over Internet searching for time coincidences

Search for the sources of ultra-high energy cosmic rays.
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CROP uses retired detectors from the Chicago Air Shower Array
1089 boxes each with:

- 4 scintillators and photomultiplier tubes (PMT)

- 1 high voltage and 1 low voltage power supply

Two removal trips (September 1999, May 2001) yielded over
2000 scintillator panels, 2000 PMTs, 500 low and power supplies
Sufficient hardware for all Nebraska high schools
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The CROP team at Chicago Air | ..
Wl Shower Array (CASA) site |
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CASA detectors new home
at the University of Nebraska




Utah, May 2001

’

Equipment recovery trip to Dugway




Equipment recovery trip to Dugway, Utah May 2001




Unloading trucks with CASA detectors at UNL
June 2001
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The Akeno Giant Air Shower Arra

111 sites of | | ~1 km spacing Coverage \
scintillation between sites | | ~100 km?
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Akeno Giant Air Shower Array (AGASA) in Japan

Primary

energy
2 x 1020 eV

Y ()

* World's 2nd-highest
energy cosmic ray event

- Recorded Dec 3, 1993

+ Covered 4kmx4km area

» 23 detector sites
recorded coincident hits

* Yellow circles represent
particle densities

(radius = log Nparﬁcles)

- 2000

-4000

- 2000 b



HiRes Experiment in Dugway, Utah

Two sets of fluorescence
detectors give
binocular view of
fluorescent trail (N,)
of cosmic ray showers
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These should not
exist unless their
origin is "close”



K. Greisen, 6.T.Zatsepin & V.A.Kuz'min (1966)

showed the recently discovered cosmic microwave background radiation
(CM BR) effectively makes the universe opaqueto

sufficiently high energy cosmic ray particles.



¢ GZK Cutoff
1966 - K. Greisen, G.T.Zatsepin & V.A.Kuz'min
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and similar resonances yield attenuation lengths mere
10s of Mega parsecs for cosmic ray protons with E>101° 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>10%° eV primaries must originate within 100 M pc of the earth



Is the GZK cutoff observed?...Jury still out
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Need CROSS-CALIBRATION of Different Techniques!!!
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Two possible sources of the highest
energy cosmic rays

Colliding galaxies

Active galactic nucleus

Core of Galaxy NGC 426l

Hubble Space Telescope
Wids Field / Plangiary Camers
c
I.

"

olliding Galaxies NGC 4038 and NGC 4038
WCOT-3d4a « BT 5S¢ OFO » Delaber 21, 1997 Whitmore (BT S¢l) and MAS

Ground-Based Cplical’"Aado imaps HET Imags of a Gas and Duai Chek
|

da = BT Sz1 OFD » Detaber 21, 1097 « B, Whitmare (BT S2l) and MAS)

But the true origin and
acceleration mechanism
for the highest energy
cosmic rays is UNKNOWN
-~ that's why we want to
study them




The Pierre Auger Observatory - the
World's Largest Array

PIERRE
AUGER

Southern Hemisphere:
Malargiie
Province of Mendoza
Argentina
(being constructed now)

1600 detectors, 3000 km? each site

OBSERVATORY

Northern Hemisphere:
Millard County, USA
(to be built)




The Pierre Auger Observatory
6rid of Surface Detectors




The Pierre Auger Observatory
Fluorescence Detector Building

Fluorescence detectors “look" | | e Antenna for
through windows at night - ! : O TTIooon

of data




Auger's planned 1600 detector
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This shower hit 20 surface tanks !

L= []

=+ Event Display, version v1ra <2=
CDAS Event Display (DF& version) | Help |

— Caontrol — Display
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Education and Outreach Activities in Argentina

e April 2002 ceremony to name Escuela No. 4 - 190 after
Jim Cronin - now known as the “James Cronin School”
e Visit by G. Snow and J. Valdez

 Three students place 11th (out of 300) in Mendoza Science Fair
with their Auger exhibit and accompanying posters
(Auger advisor: Ingo Allekotte)



CROP’s Brief History and Milestones

July 2000
Summer 2000
Summer 2001
Summer 2002

2000 — 2003

2000-2002
Spring 2003

Summer 2003

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

5sc
6 SC

100
100

5sc

100

s join CROP via 4-week summer
s training wor kshops
s (17 total)

Schools embark on program of mini-experiments
with detectorsthey have refurbished and
Installed in building or on rooftop

Development of DAQ card, GPSinterface

Production run of DAQ card, distribution
to schools
Simultaneous data-taking begins



A Proposal to the National Science Foundation program for

Teacher Enhancement through Research
Experiences for Sudents and Teachers

Gregory R. Snow and Daniel R. Claes
Department of Physics & Astronomy
116 Brace L aboratory
University of Nebraska
Lincoln, Nebraska 68588-0111

August 1999

($1,000,000 requested over 5 years)
awar ded: $1,340,002



The Science of CROP

- Each school records building-sized showers -- plenty of rate.
- 2500 ft2 shower (1014 eV )

* Neighboring schools in same city (Lincoln, Omaha) see coincidences
from highest-energy showers -- low rate.
*+ 10 sq.mi shower ~10%° eV
- 50 sq.mi shower ~1020 eV

* Nebraska is 450 x 250 square miles -- schools separated by very
large distances explore whether showers come in large,
correlated bursts

That is, does the whole state of Nebraska ever light up?




The Cosmic Ray Energy Spectrum
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CROP can also search for coincidences | Nebraska
over large distances Lincoln

250
miles

Nebraska High Schools 450 miles

Does the whole state ever light up at once?




CROP can also search for coincidences | Nebraska
over large distances Lincoln

Size of Pierre Auger site, 1600 detectors

250
miles

Nebraska High Schools 450 miles

Does the whole state ever light up at once?




Possible Source of Coincident,Widely-Separated Showers
The GZ Effect (Gerasmova-Zatsepin)

e \Watson and M edina-Tanco

_ revisit this 1960-predicted
Optlcal photon from the sun phenomenon in

astr o-ph/9808033

@Cosmic ray iron nucleus

e Calculation for 6 x 1017 eV
Fe -~ Mn + proton

O Nuclear fragments from
photo-disintegration

» Shower separ ations of
100'sto 1000’ s of kilometers
possible, dominated by
deflections by inter planetary
magnetic fields

Earth’s Surface « Rates not encouraging



CROP staff at UNL

CROP Personnel at UNL N braska

Lincoln

Faculty: Dan Claes and Greg Snow
Educational evaluator: Dr. Duane Shell
Physics graduate student: Victoria
Mariupolskaya
December 2002, Vicky moved to
University of Texas, Austin

September 2002, Computer Science
graduate students:

Steve Becker: Programming of DAQ card Summer 2002
Jared Kite: LabView control screen for DAQ card

Cory Strope: Computer simulations of cosmic ray air showers
January 2003

Secondary science ed graduate student: Tracie Evans

Undergraduate research assistants: M. Dennsberger, M. Everett,
A. Fuchser, P. Jacobson, A. Kubik, S. Mahoney
Administrative Secretary: Marilyn McDowell



High school teams attend a 4-week summer | Nebiasks
workshop at UNL with class and lab activities Lineidn

Joined CROP summer 2000
Lincoln Science Focus Program
Lincoln Northeast High School
Mount Michael High School
Marian High School

Norfolk High School

Joined CROP summer 2001
Lincoln Lutheran High School
Lincoln High School

Wayne State College

Omaha Westside High School
Anselmo-Merna High School
Osceola Public High School
Joined CROP summer 2002
Fairbury High School

Wayne High School

Roncalli Catholic High School
Bancroft-Rosalie High School
Waterloo High School

Year 2001 participants from 6 Nebraska high schools



Summer 2002 Participants




The Cosmic Ray Observatory Project
A grid of cosmic ray research stations
expanding across the state

Nebraska High Schools 450 miles

P 1 B;-;Eﬂs T'u']IIIF

Lincoln

250
miles

CROP schools enlisted in 2000®@ 2001@® 2002@

20030




Summer 2002 Web Site
http://unlhep2.unl.edu/~CROP/CROP2002 .html

\» & CROP2002
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Lab Curriculum Curriculum

Preparing
detectors to
take to your

schools,
experimental

techniques

Learning
the physics
of comsic
rays and
particle
detectors

e Palishing, cleaning scintillator o
e Gluing PMT and wrapping scintillator OPICS
« Assembling high-voltage supply Avallable

 Oscilloscope lesson
» Turning on counters, sour cetests, finding/fixing light leaks
e M easure counter efficiency, high voltage plateau

Class Curriculum

e History of cosmic rays

e Interaction of charged particles with matter
« Scintillators and photomultiplier tubes

e Cosmic ray energy spectrum

 Julian calendar, UTM, galactic coordinates

» Global positioning system

e lonizing particle detectors

e Calorimeters and showering

e Particle zoo and the Standard Model

What we expect
to accomplish
in 4 weeks

e Tour of high-energy particle accelerators
 Random events, probability

 Monte Carlo ssimulations

 Lightning protection



Each classroom session beginswith a set of learning objectives

Scintillator s 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

e Understand how light istransmitted toa PMT

e Understand how a PMT generates an electric signal

» Beableto hook up a scintillation counter to its high
voltage and an oscilloscope for viewing signals

« Beableto identify light leaks in a scintillation counter

» Be ableto observe scintillation counter signals using
an oscilloscope and identify cosmic ray muons

» Be ableto discuss scintillation counter performance
In terms of gain, efficiency and attenuation length




Energy absor ption and emission diagram
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Incident light from scintillator

Photocathode
Schematic drawing of a ;b
photomultiplier tube /18 )
~ Photons g ect
it \\ K‘ZE ——== dectronsvia
ele:‘rrnn D[]lifl,‘s B -\H f ’p’h’OfoeIectriC effect
Lie |/ 14)
14 \f 14
| AR (N

Each incident (1| 2 g
electron gjects )
about 4 new Y eZ

7

electrons at each
dynode stage

_Vacuum inside tube

Electron
multiplier ™|

An applied voltage
[~ difference between

“Multiplied” signal

comes out here

dynodes makes
electrons accelerate
from stageto stage




Scintillation Counters and Photomultiplier Tubes

Oscilloscope traces from scintillation counters

Plastic scintillator

Vert.scale :0.2 V/cm
Hor. scale :10 ns/cm
Source : 97 8i 10uCi

10 nsec / division

| norganic crystal, Nal

Vert.scale : 0.2 V/cm
Hor. scale : Sus/cm
Source : B7Cs 10uCi

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



Endless scraping, polishing, and soldering




taping, and observing

Endless wrapping,




Endless cabling and adjusting







Positive outcomes-assessment results from professional evaluator







Mini-experimentsfor CROP Schools

% . With counters spread out in horizontal plane
7,

 3/4 and 4/4 coincidence
| rate vs counter separation
2 e Optimization of counter geometry on
school rooftops

With 4 counters stacked in vertical telescope
» Coincidencerate vs. barometric pressure
» Day-night variation of cosmicray rate
» Coincidencerate vs. angle of incidence
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Electronics Configuration for Telescope
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Detector set-ups at schools

"Telescope” set-ups for
indoor experiments




Marian High School’ s M easur ement
of Cosmic Ray Rate vs. Barometric Pressure

Graph 2:
4-Fold Coincidences v Barometric Pressune
January-Febroary 2001
\ | + - e Statistical error barsshown
ﬁ% -« 1.3% decrease per mmHg
Nl
\ 1
|
%
T,

4-Fold Coinci
F_.;/ i
4
: h;%r— =g

3000

e Barometric Pressure (mmHQ) day



Coincidence Rates vs. Separation Experiment NeB‘ra'“"”S"It’ﬂ*
October - December 2002 L

4 detectors on corners
of a square

15 meter
(45 feet)
separation shown

Installation on Physics Department
roof, February 2002




4-fold counts/ hour

4-fold Coincidence Rates
vs. Separation

50 +

45 -

40 -

35 -

30 -

25

20

15

10 +

4fold/hour vs Tstart

Days since October 1, 2002

o 4fold/DelT
Touching 15 ft/ 1 m 4fold/DelT, 15 feet
Iead 4fold/DelT, 15 feet, 1 lead sheet
<4 x 4fold/DelT, 15 feet, 2 lead sheets
x 4fold/DelT, fee
$ { L T _ o:foldlgell, 4312 fee:
| T
f ETL]L ? 7L 151t 2
{ EEE ﬁLi d L L % lead
| - 44—
- 45 ft
15 ft
i o
SN
30ft ; t
4 1‘4 2;1 3;1 4‘4 5;1 6;1 7‘4 8;1 9;1

Rates high enough to sustain student interest




CROP data acquisition electronics card

Developed by Univ. Nebraska, Fermilab (Quarknet), Univ. Washington

Programmable | Time-to-digital
logic device converters

To PC
serial port

GPSreceiver

input
P Four analog

PMT inputs

5Volt
DC power

* 50 Mhz (20 nsec) clock interpolates Event  Discriminator
between 1 pps GPS ticks for trigger time | counter ‘hreshold

* TDC's give relative times of 4 inputs with adjust
75 psec resolution




Amplifiers

V- o—\/\/\—T

Air Shower Readout Board Block Diagram

DBS

8
uC Data Bus
4
RS-232 a
&)
th 1R RS-222 b
&)
6 3
Ch 2 R =
g %
o) ch 2 F é =
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GPS

1 T

TCXO x4PLL

J | | Signal 2 Ba'r Omaer’
# Digit LED Conditloning

temperature

12, bBWHz

Cohnector

Display
\\gzzior

TDC
Time-to-digital
converter

Programmable
gate array

Programmable
microcontroller




Monitoring Program for Data Acquisition Card
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Labview Window for Setting Data-Taking Conditions
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12| Oscilloscope
g | Lesson for
g | Tektronix
TDS 2022
(T. Evans)

7 9 1 6 7

Connect the scintillator cable with a50-ohm “T” into Ch 1 adapter

Turn the oscilloscope on by depressing the power button.

The display should show a graph and some sort of signal, example:

If no signal, make sure to select the Ch 1 menu.

Y ou can change the settings by depressing the buttons to the right of the display, should read:
Make sure the voltg/div is set around 100 mV (shows on display bottom left corner), examples:
Make sure the sec/div is set around 10.0 ns (shows on display bottom middle), examples:
Select trigger menu, change settings by depressing buttons to the right of the display, should read:
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 Chl.

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 agood signal:

©©o N Ok WDNPRE




Plugging in a cable with a 50-ohm terminator




Adjusting the oscilloscope’s vertical scale

What you DON T want:

lu(;O mV/div

What happens when the mV/division
is too small (A) or too big (B)?




NALTA

The North American Large-Scale Time-Coincidence Array

WALTA (| ALTA || SALTA | CROP SCROD
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Pierre Auger northern
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* Includes links to individual project CHICOS
Web pages
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Seattle area map showing schools
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The Washington-Area Large-Scale| y = # |

Time-Coincidence Arra VIALTA

Ime- y wy-
http://www.phys.washington.edu/~walta

e CROP'sclosest relative

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

* WALTA also usesrefurbished CASA detectors

« WALTA and CROP collaborating with Fermilab
on data-acquisition electronicscard

* Funding limited, but boost came by turning

QuarkNet associate teacher workshop into
WALTA workshop, August 2001
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WAL TA/QuarkNet One-week Summer Workshop
University of Washington
August 2001

1

Refurbishing CASA scintillators

d




WALTA/QuarkNet Summer Workshop H‘_ ’—i-}%ﬁr‘q{
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Graduate student Heather Zorn giving
oscilloscope lesson to teachers

Rates from a two-layer
telescope




Califnrnia ngh school Cnsmic ray ObServatnry

CHICO

(Animation by L.A. school teacher)

Institutions
* LA area schools
* California Institute of Technology
* California State University, Northridge
* University of California, Irvine

Funding
- Caltech

- NSF Nuclear Physics

g & 10 % X K

- o,




» 164 detector stationsrecovered

» 2 detectors per school foreseen

* About 39 schoolsin process
of being outfitted

Calil‘umla ngh school Cusmic ray ObSavatnry

e Bl eile I




ALTA: TheAlbertalLarge-Scale
Time-Coincidence Array

* Run by the University of Alberta, Edmonton

 Jim Pinfold, John McDonald, et al.

« Funding: Canadian resear ch and education organizations
and cor por ate sponsor ship

City of Edmonton

The City of Edmonton




The NRW Array: NordRhein, Westfallen Array

* Project in itsearly stages

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

* Funding possibilities from German
gover nment and telecommunications
industry

o First scintillator prototypesat a
Fachhochschulein Disseldor f

“Aache

Target citiesin northwestern Ger many



SALTA: Snowmass Area Large
Time-Coincidence Array

@ JHEEEEF

Buford

oy

__i ™
!

vl |

S MAPQUEST ™= ,= ——tomi
- < : gak Creek arapato Matl, ] 10mi
: Moffat i _ B K Eor. 10km
Rio Elanco { T 125
Ruut’t M atl, Fak,
. {',r‘ """""" T ot Sulphur Springs - Granbyy,

| Radium

Rio Elanca |

i Garfield white giver
Rio Elanco Ratl For. .

Garfield
Mesa | “¥/.
e "ifg‘&:f

Faofia S

-\_(-'--
crannrd
% _Sunnison__ A
GOrae BLM, i

—& REC, &res

Mont rgse

Fimarrarn Sapiners
; Herirts ! .,
& 2001 MapSuest.com, Inc. | !

‘x-

LN

__ACrested Butte

TI
G nls-u"jrf-latl :

altmont

Cunnison

White River
rlatl, Far,

. unnison pﬁh{ﬂ(l

Parlin )

.-"'.:rr T ! - -d'\-..\

N ‘thaffee
-‘\‘L {?,

|tkLm\~

anlewlle

(149) Saguachg

Breckeng r,_/"
Blu Rll.ler

ar anite

-,
% 8-
R J'} BLIE LA, 'v'ifrta
r"'('“'\ A ..ffo
':Uli' athrpp

5t EJnn-”c'
1!
M.;‘psunle Salida . ./

Ik
Dar,

Colorado
* Aspen High School, Aspen, CO

» Basalt High School, Basalt, CO

» Roaring Fork Valley High Schoal,
Carbondale, CO

» Lake County High Schooal,
L eadville, CO
The highest-elevation school
inthe U.S. -- 10,152 feet ASL

|llinois
* Wheaton North High Schoal,
Wheaton, IL



Celebrating 90 year s of
cosmic ray research
1912 - 2001

Sponsored by the
Snowmass Area Large-scale

Audtrian physicist Victor Hess Time-coincidence Array
on his 1912 balloon flight to study SALTA
theorigin of cosmic rays.



Replica of

Hess' Electroscope

Wilkesin
Hessian
Outfit

Portable Geiger
Counters




Crowd gathers
to watch
Victor Hess
flight reenactment

L

Lift off !

Unicorn Balloon Company, Showmass, CO

Data transmitted live
toground viaradio




Counts/minute

Snowmass Balloon Flight 2001

110
105 -
100 -
95 ~
90 ~
85 -
80 -
75 A
70 A

¢ July 7 flight
= July 8 flight

|
4

i

Ground level at Showmass

« Two flightswith consistent
results

+ » Hovered at 1000 ft increments
In altitude for 5 minutes

+ e Cosmicray rates measured
with portable Geiger counters

» Same effects observed
by Victor Hess

« See FermiNews, July 27, 2001
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SALTA Worksnop, July 2001, Snowmass, CO

Applying
optical
cement
toglue |8

phototube |
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Many
phototubes
glued

Polishing scintillator at once
panel edgesoutside
Conference Center







CROP’s Advisory Panel

Ron Bonnstetter: UNL Professor of Curriculum and Instruction
Susana Deustua: American Astronomical Society

Olivia Diaz: Former director of SciTech, Aurora, IL

Ernie Malamud: Fermilab, founding director of SciTech

Paul Mantsch: Fermilab, Pierre Auger Observatory

Gregory Neul: Inst. for Science Education, Columbia College, Chicago

John Rogers: Physics teacher, Westside High School, Omaha




Conclusions

* CROP, in its 4™ year, will soon reach a major milestone:
Simultaneous data-taking at all schools, offline searches
for extensive air shower coincidences

* Other emerging efforts will enable the NALTA consortium
to search for very long-range correlations

* Curriculum, hardware, software has been developed to
facilitate the start-up of new efforts




