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Teaching and Learning
with Cosmic Rays

Housekeeping
Safety briefing
Keep the area clean
Label all of your cords, etc. (NOW)
Sign In and other forms
Schedule (Drupal)
Survey (on your last day)
Stipends



Teaching and Learning
with Cosmic Rays

Agenda
Rice University Cosmic Ray Workshop



https://quarknet.i2u2.org/content/cosmic-ray-workshop-rice-university-june-2017

Teaching and Learning
with Cosmic Rays

Workshop Objectives:

Configure a cosmic ray detector appropriately for
acquisition of data for calibration and analysis of
measurements

ldentify and describe the e-Lab tools available
for conducting studies with data collected using a
cosmic ray detector

Create, organize and interpret a data plot to make a
claim based on evidence; provide reasoning
and identify data limitations

Develop a plan for taking students from their current
level of data use to subsequent levels using activities
and/or ideas from the workshop.



Teaching and Learning
with Cosmic Rays

http://physicsweb.phy.uic.edu/quarknet/mapUS international.html

http://quarknet.fnal.gov



http://physicsweb.phy.uic.edu/quarknet/mapUS_international.html
http://quarknet.fnal.gov/

Teaching and Learning
with Cosmic Rays

aQuarkNet creates a collaboration of users:

s Teachers Students
s Teachers Mentor Scientists
Detector Schools Non-Detector Schools

World-wide Network: Students Students



Teaching and Learning
with Cosmic Rays

Paradigm: a good way to learn science?
Participate in data-based science.
Ask cosmic ray questions.
Marshal a research plan.
Engage hardware and technology.
Analyze realistic, not simulated data.

Share results with collaboration.



Sources of Cosmic Rays
* Supernovaremnants
* Active galaxies (?)
e Quasars (?)
*  Gamma Ray Bursters (?)
e Dark Energy (?)
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Teaching and Learning
with Cosmic Rays

Inceming
Cosmic Ray

Cosmic Rays at Earth
Primaries (protons, nuclei)

Secondaries (pions)
Decay products (muons, photons, electrons)
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Teaching and Learning
with Cosmic Rays

Run: Cosmic Ray shower video

http://astro.uchicago.edu/cosmus/projects/aires/protonshoweroverchicago.mpeq



javascript:showRefLink('http://astro.uchicago.edu/cosmus/projects/aires/protonshoweroverchicago.mpeg',800,600)
http://astro.uchicago.edu/cosmus/projects/aires/protonshoweroverchicago.mpeg

Teaching and Learning

_ with Cosmic Rays
* Cosmic Rays

* Sources

e Composition, energy spectrum
* Detection

* Current experiments

- ¥

The QuarkNet Classroom Detector
Hardware overview

NN

o ]

Classroom use
Experiments, measurements
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Data Analysis

Upload, analyze data & save data
products.

Share results.
Enter logbook notes.




Teaching and Learning
with Cosmic Rays

Wealth of open, cool science questions

Weather, lightning, eclipses, biology,
climate, data bits, solar storms, scaling,

refraction, Faraday Cage, ...

CR not prescriptive, not recipes
Provides resources and analysis tools

Trusts the teacher to guide research



Eclipse Project

g - Y %
Zeller/ Great/ mncanEchpse.c'



Home Site

QuarkNet

QuarkNet Eclipse Home Site

https://sites.google.com/view/quarknet2o17eclipse/home


https://sites.google.com/view/quarknet2017eclipse/home?authuser=0

Hypothesis

* The muon flux will change during a total eclipse of the sun.




Proof of Concept

* Ida Crown Jewish Academy did proof of concept
* DAQ 6994 Starting about 9.April.2017

* Two telescope designs and configurations
Fixed
East-West
Tracking
East-West
North South

* Vertical stack



Board Assembly




omplete Tracking
Assembly




Baseline Measures

* Empty sky near position sun will be in for eclipse
* Moon in position of eclipse |
* Sun in position of eclipse

» Vertical stack for background




Experiment

* Take data during eclipse

* Make flux comparisons
Flux Study

Detector: 6818

Data: Glefibrock North High School Mar 31, 2017 00:00:00 UTC
Channel Number: 15

—
£
g8
L]

5

o
]
'
E
2
o
=

=3,
=
=
IS




Needed

 Calibrated barometer
* Plateauved counters

e Stand

* Data



TASK

* Build 3 fixed position telescopes




Teaching and Learning
with Cosmic Rays

Questions???

Break??->




Cosmic Ray eLab

EQUIP
Signin to eLab
Review Geometry (must be uploaded before start of data file)

Uploading Data
Comment Field



Calibration

* Barometer (absolute, not corrected for sea level pressure)

* Plateau counters






Classroom Activities

* Histograms

* Flux experiments
* Overlap

* Separation
 Horizontal
* Vertical

Refraction

* Barometric Pressure
Faraday Cage

Angle (declination, direction)
* Solar Activity

* Materials Science



Classroom Activities (continued)

| S

* Shower
* Direction
* Among detectors

* Time of Flight i
* Muon Lifetime (not half-life)
* International Muon Day

* Eclipse Experiments




Small Group Experiment

* Create an experiment.
* Set up for overnight data



Reflection

* How are we doing?
* Are we on target with the Objectives?
* What next?



Teaching and Learning
with Cosmic Rays

Overview: O0Smic ay uon etector
Nathan A. Unterman
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Lids up!

Cosmic Ray e-Lab /@ coossa

| Project Map |
| I I

» View News Alert
Project Map: To navigate the Cosmic Ray e-Lab, follow the path; complete the milestones. Hover over each hot spot to

preview; click to open. Along the main line are milestone seminars, opportunities to check how your work is going.
Project milestones are on the four branch lines.

Pre-test  Coo Bt S gure [t O ell Others  Post-test

The Basics (Optional)

Legend

Anatyzs Data

Your team may use the milestones above, or your teacher may have other plans. Make sure you know how to record your progress, keep
your teacher apprised of your work and publish your results.







Thermographic ink (UV degrades)




Track of the Total Solar Eclipse Across the United States
August 21, 2017
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From Parking Lot

* What is the parking lot?
* Velcro cable ties

* Registration

- https://goo.gl/forms/dZsRjQqafWSilxJD2

hos




Cosmic Ray e-Lab

Project Map

Detector 122 fil

eometr

Edit Detector 6818 Entry 18 Dec 2016 @ 00:54 UTC:

Detector 5099 ‘El,
May 03,2011 @ 15:28
Feb 02, 2011 @ 00:00
Mar 18, 2010@ 16:21
Mar 17, 2010@ 17:15
Mar 16, 2010@ 17:10

L ) el =P

Detector 6423 3l

Detector Geometry

If you are using EQUIP for data acquisition, you still need to enter geometry data
on this page for use in the Cosmic Ray e-lab.
GPS is @ (0,0,0).
Each point (x.v.z) represents the center of a counter.
Confused? Seeing errors? Please consult the Geometry Tutorial.

Active
Channels:

®:E-W{m) yiMN-5{m)] Z:Up-Dn{m)

7739999 -1.2 -.23 -2.97

MO M.

77399999 -1.2 -.23
Detector 6650 3l

-3.27

N

MO M.

Detector 6703 ‘%

Orientation

Oy visualize geometry

GPS Coordinates

~ . 1
GPS Coordinates Tutorial \X

Find GPS Coordinates * MOre...

Detector 6818 Fil

Latitude: |42:06.697765 M
e.g.. 47:33.234736 N

Longitude: 087:49.830054 W
e.g. 122:18.68 W

Map GP'S Coordinates "

Altitude (m): | 194.453 GPS Cable Length (m): |35.05

MO M.

Commit Geometry

Oct 28, 2015@ 18:15,
Dec 06, 2014 @ 00:53
Dec 01, 2014@ 15:23
Jan 22, 2013 @ 12:00
Mov 20,2012 @ 16:00

1524 | [773.99999! |-12 -23 -3.57 Jul 25, 2016 @ 01:35,
Jul 28, 2016@ 14:19
1524 | 773.99999 -1.2 -3 -3.87 DL 25 ZI0A L ZIEL]
Jul 25, 2016@ 02:14

Apr15,2016@ 14:00

Jun 22, 2014@ 22:36,
MNov 19,2012@ 12:00,
Jul 11, 2012@ 00:00.
Jul 10, 2012@ 14:12,
Jul 10, 2012@ 14:00.

Dec 18,2016@ 00:54
Dec 05, 2016@ 00:00,
Oct 26, 2016@ 17:37,
Oct 20, 2016@ 20:22
Oct 19, 2016@ 20:50,

Library

—

gbnteacher

]

Data Posters Site Map Assessment

|__Upload ] Geometry | Benchmark | Blessing
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Mar 15, 2010@ 17:22 # X -5
Jan 09, 2010@ 00:00 # X -5
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MNew Detector 6818 Entry:
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Geometry

If you are using EQUIP for data acquisition, you still need to enter geometry data
on this page for use in the Cosmic Ray e-lab.
GPS is @ (0,0,0).
Each peoint (x,y.z) represents the center of a counter
Confused? Seeing errors? Please consult the Geometry Tutorial.

Active
Channels: L - : E
Cabile
Lemgth (m) Areajom®) x:E-W{m) y:N-5{m) z:Up-Dn{m)
1
Y 1
Y 1
y 1
A
a—
— S
Stacked Orientation * Unstacked

Oy visualize geometry

GPS Coordinates

GPS Coordinates Tutorial ™)

Find GPS Coordinates

Latitude: 0:0.0 M Lengitude: (0:0.0 W

e.g. 122:18.68 W

Map GPS Coordinates "

Altitude (m): (0 GPS Cable Length (m}: 0.0




Teaching and Learning

with Cosmic Rays
Workshop Objectives:

Configure a cosmic ray detector appropriately for acquisition of
data for calibration and analysis of measurements

ldentify and describe the e-Lab tools available

for conducting studies with data collected using a cosmic ray
detector

Create, organize and interpret a data plot to make a claim based on
evidence; provide reasoning and identify data limitations

Develop a plan for taking students from their current level of data
use to subsequent levels using activities and/or ideas from the
workshop.



Tour of eLab

* Creating groups
* Advanced Searching
* Performance

* Blessing
* Blessing charts

* Time of Flight
* Requests?



Dr. Stan Sazykin
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Upload Data From Overnight




How to evaluate worth of data

* View Data * What experiment do you want
* Blessing Charts to do?

* Performance



Setup for Seco



Questions?

* What questions do you have?
* Quick whip around on what you are studying
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http://www.makesigns.com/

Work on Experiment




Classroom Implementation

* Drupal

* Original experiments

* Club

* Mining Data Base

 Data Portfolio

. https://quarknet.i2u2.org/data-portfolio



https://quarknet.i2u2.org/data-portfolio

Reflection

* How are we doing?

* Are we on target with the Objectives?

* What next?

* Homework: Write an implementation plan.



Cosmic Ray
Cosmic Ray Nathan A. Unterman
Rice University
28.June.2017
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Teaching and Learning
with Cosmic Rays

Workshop Objectives:

Configure a cosmic ray detector appropriately for acquisition of data for
calibration and analysis of measurements

ldentify and describe the e-Lab tools available
for conducting studies with data collected using a cosmic ray detector

Create, organize and interpret a data plot to make a claim based on
evidence; provide reasoning and identify data limitations

Develop a plan for taking students from their current level of data use to
subsequent levels using activities and/or ideas from the workshop.



Upload Data From Overnight

"PLEASE UPLOAD DATR




Passage of particles - summary

undetected
neutrinos...

Muon
detecior

photons

electron positron oDy

muons

pions proton

electromagnetic hadronic
shower

momentum energy

curvature in magnetic field

light amount and penetration depth
momentum




Om
Key:
Muon
Electron

—— Hadron (e.g. Pion)
Photon

Tracker

3 Electromagnetic
]ﬁ ] ' Calorimeter
L

Hadron
Calorimeter

Transverse slice
through CM3S

Superconducting
Solenoid

Iron return yoke interspersed
with Muon chambers
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Prof. Paul Padley 1 &




Conclude Research

AND | HAVED N INTRODUCTION YET






Poster Creation

: DISCOVERY oF




Implementation Plans

* Edit your plan
* Share



Measurable

Achievable

Specific
Teaching and Learning
with Cosmic Rays

Realistic

Workshop Objectives:

Configure a cosmic ray detector appropriately for acquisition of
data for calibration and analysis of measurements

ldentify and describe the e-Lab tools available
for conducting studies with data collected using a cosmic ray
detector

Create, organize and interpret a data plot to make a claim based on
evidence; provide reasoning and identify data limitations

Develop a plan for taking students from their current level of data use
to subsequent levels using activities and/or ideas from the workshop.



Summary

* What was good about this workshop?
* What needs improvement?
* Have we met the objectives?



Evaluation

* https://www.surveymonkey.com/r/NV726DM

CHALLENGE ACGEPTED
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