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Parsing the title...

1. Distributed Data – real data, from LIGO, a cuttingedge 
physics experiment to detect gravitational waves, and 
(eventually) to use them for a new kind of astronomy

2. Grid Computing – distributed supercomputing (using VDS 
and Swift rather than BOINC)

3. Inquirybased education – project oriented, investigative,
4....and outreach    informal education too

But first, a word from our sponsor....

Distributed Data1 and Grid Computing2

for Inquirybased Science Education3 and Outreach4
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Michelson Interferometer

Measuring ∆L in arms allows the measurement of the strain

                        h = ∆L/L, 

which is proportional to the gravitational wave amplitude h(t).  
 (Larger L is better, and multiple reflections increase effective length.)
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Laser Interferometer Gravitational wave Observatory
LIGO Livingston Observatory (LLO)

Livingston Parish, Louisiana

L1 (4km)

LIGO Hanford Observatory (LHO)

Hanford, Washington

H1 (4km) and H2 (2km)

Funded by the National Science Foundation; operated by Caltech and MIT; the research 
focus for ~ 500 LIGO Scientific Collaboration members worldwide.



 “BOINC in Research, Science, and Education  29 August 2008 5LIGOG08xxxx00G

Educational use of LIGO PEM data
● LIGO interferometers are ultrahigh precision optical instruments!
● Operation requires careful monitoring of the physical environment of 

the instruments (including seismic activity, weather, magnetic fields...)
● PEM data (and data products derived from them, such as DMT BLRMS 

seismic channels) can be used by students for inquirybased learning 
projects:
 LHO/Gladstone HS SST Program    (19992001)
 LIGO/QuarkNet/I2U2 partnership     (2005        )  

PEM = “Physics Environment Monitoring”

DMT  =  “Data Monitoring Tools”

BLRMS = “Bandwidth Limited RMS”
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LHO/Gladstone SST program

A partnership between LIGO Hanford Observatory and Gladstone High 
School (near Portland, OR), supported in part by the Student, Scientist, 
Teacher (SST) program run by Pacific Northwest National Lab (PNNL)

  One teacher and three students spent 8 weeks at LHO in 
summers 1999, 2000, and  2001
  Science classes during school year involved a variety of 
projects aimed at understanding PEM seismic data transfered 
to GHS via Internet (using FTP).

 The students who had hands-on experience from the 
summer internship were a key resource.

  Students met with a LIGO scientist via telecon every 3 
weeks, and they all visited  the LHO site once during year.

  Students built “demo” instruments which gave them hands-
on experience with equipment without risk of breaking 
something.
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Longterm microseism connection 
to oceanwave activity

Seasonal trend in microseism identified in early 
analysis (below) agrees qualitatively with oceanbuoy 
waveheight data (right)
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Wave height can be 
used as a “proxy” to 
predict overall long-

term microseism 
activity at Hanford.
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QuarkNet 

QuarkNet  is a teacher education project, funded by NSF and DOE, and 
run by the Fermilab office of Science Education

➔ Provides longterm professional development for highschool physics teachers 
through research experience, workshops, and sustained support.

➔ Teachers are paired with physicist mentor from one of ~50 QuarkNet Centers at 
Universities and National Labs.

QuarkNet created the “Cosmic Rays eLab”:
➔ Distributed array of 200+ cosmic ray detectors, in classrooms
➔ Students manage Data Acquisition (DAQ) and upload data to a 

central server
➔ Students can use data from entire cluster in analyses, which  run on 

The Grid  (originally under VDS, now under Swift)
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“Interactions In Understanding the Universe”

QuarkNet organizers sought to extend the idea, and so invited large 
physics experiments to join the effort:             

ATLAS, CMS,  LIGO, STAR, Mariachi,
with Adler Planetarium, U. Chicago

 Aimed at leveraging Grid Computing for educational use
 Inquirybased education projects (called “eLabs”) which use real 

data from cuttingedge physics experiments
 Title of project is “Interactions in Understanding the Universe” (I2U2)
 Initial pilot funding from NSF for 20052006, extended for 20062007. 

        Three year grant starting 2008.
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Einstein@Home
• Searching through the data streams for evidence of gravitational waves 

from a periodic source at an arbitrary sky position requires an extremely 
large amount of computing power  more than existing Beowulf clusters!

• Einstein@Home uses the Berkeley Open Infrastructure for Network 
Computing (BOINC) to perform the search on a “small” chunk of data on 
a volunteer’s PC, all while displaying a mesmerizing screensaver.

Anybody can join:
   http://einstein.phys.uwm.edu/

Web site includes discussion “forums” 
for interaction between users, and with 
project scientists  “Outreach”
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LIGO I2U2 Software Goals
• Provide easy access to LIGO environmental data (seismometers, 

magnetometers, tiltmeters, and weather stations)
• Provide webbased analysis tool with functionality and feel similar to 

those available to scientists in the LIGO control rooms (such as DMT, 
DTT, DataViewer, ilog)

• Provide interface for use of “Grid” computing to analyse the data.
• Provide supporting tools for interaction and collaboration between 

students, teachers, eLab developers, and possibly LIGO scientists 
(vis. SST and Einstein@Home)
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Bluestone – LIGO Analysis Tool
A web based Analysis Tool which has a user interface (adjustable!) similar 
to LIGO control room tools (DMT, DTT, & ROOT) and with the potential to 
provide much of the same functionality              (with influences from LabView)

Tutorial available as a PDF file

 Try it out:  

 http://pirates.spyhill.net/tla_test 

http://einstein.phys.uwm.edu/
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Bluestone Plot

Dec 26 2004 
Tsunami

earthquake, 
detected at LHO

ROOT
via web
interface
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Electronic Logbook

 LIGO electronic logbook (the "ilog").  
http://ilog.ligowa.caltech.edu/ilog  

( reader / readonly )

I2U2 Prototype site:I2U2 Prototype site:
          http://www13.i2u2.org
Discussion / Logbook, 
      based on BOINC forums
+ File attachments
+ Keyword classifications
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Web site features

Project glossary, using same 
software that runs Wikipedia,
but with singlesignon

RSS News subscription 
for project/server status
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Teacher Activities

● Teacher workshops at LHO in 2006, 2007, 2008
● LIGO eLab in use in classrooms in Washington and Indiana 

Summer 2006 intern
teacher John Kerr

Teacher workshop, August 2006
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• The inquirybased approach does not have answers in the back of the 
book, or rigid evaluation criteria

• Teacher is no longer in primary role as an authority
• I2U2 addresses National Science Standards (based on process), while 

teachers pay more attention to State standards (based on content)
• Many teachers are “digital immigrants” while students are “digital natives”
• Teachers and administrators may be afraid of Internet.  (“Wikipedia is Evil”)

• Every school district has it's own firewall policy and whitelist (doesn't scale)

• Privacy laws may prohibit sharing of student identifying information, 
maybe even just names, even for scientific collaboration

• Many technical challenges in a collaboration of collaborations...

Why it won't work   Key Challenges:
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How is this related to BOINC?

● Volunteer computing projects can be effective for outreach and 
informal education, not just computation.    This is important!

● BOINC projects might also play a role in formal 912 education.               
(but you need to make it easy for teachers to do this – they are already too busy)

● Outreach and education activities can bring in more participants                
           more computation!

● Maybe an overlap in our development efforts?
 Forums: attachments, keywords, access restrictions, etc...
 Adding a wiki:  BOINCAuthPlugin.php for MediaWiki 
 Forums: rooms for classes or research groups (or teams)
 Membership, ownership, roles, and permissions: generalized


