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MARIACHI involves

Scientists Teachers Students

Illustrations by Omal-Hoda Kassim, Syracuse

To perform an authentic science experiment!

“Science is cool and within reach to anybody.” 



The Experiment

A widely distributed data acquisition collecting data from forward 
scattering radar, cosmic rays, atmospheric activity, and others. Data 

is complemented by information from selected sites. 

Distributed data analysis performed in classroom with the goal of 
exploring features in the data.

New sensors and analysis methods developed by Undergraduate 
and High School students as summer research. 

We did learn a lot and would like to share results and experiences.



60 km

Mixed Apparatus for Radar Investigation of 
Atmospheric Cosmic-rays of High Ionization



Classroom Data Analysis

1,224 students in data analysis
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The events in coincidence found in 2 weeks of data. They roughly 
point towards the scintillator that triggered. 

Are they Real??



Dedicated experiment at the TA site in 
Delta Utah with ~ 20 collaborators



The Lyrids Meteor Shower



Why could this be interesting?

Provides a good understanding of the forward scattering radar. 

Meteors could provide a good way to probe the atmosphere 
at 80-120 km altitude. 

254

Giordano Cevolani and Giuseppe Pupillo

scale annual and semiannual ozone variations 
at the mesopause level in the 1992-1998 years 
are dominant features in the ozone radar data 
(and satellite data as well; see, for instance, 
SME data). The observed changes are generally 
semiannual and these variations emphasize the 
importance of dynamical processes in the meteor 
region (Hajduk et al., 1999). Ozone will change 
as the atomic oxygen changes. Most of the atomic 
oxygen is produced in the lower thermosphere, 
varies seasonally with the solar radiation input, 
and is transported into the mesosphere by mixing 
and advection. Changes in the rate of diffusion 
and advection can modify mesospheric ozone in 
these ways: i) by changing the direct transport 

of odd oxygen from the thermospheric source 
region; and (ii) by modifying the transport of 
water vapor and hydrogen radical concentration 
that control its photochemical destruction 
(Clancy et al., 1994).

Seasonal variations of the meso-thermos-
pheric ozone concentration have been deduced 
by different techniques. For instance, ozone 
concentration inferred from measurements of 
radiance at 1.27 ! (Thomas, 1990) shows wide 
seasonal variations particularly at middle and 
high latitudes where the ozone abundance is 
found to be as much as a factor of three higher 
at the equinoxes as that at the solstice near 85 
km. Dynamical reasons related to seasonal va-

Fig.  5a-d.  Cumulative number of BLM echo counts N versus the observed echo duration T, relative to: a) Lyrids 
(21-22 April 1999); b) Perseids (12-13 August 1999); c) Leonids (17-18 November 1999); and (d) Geminids (12-13 
December 1999). A time Tc is adopted: echoes with durations greater than Tc are predominantly ‘chemistry-limited’, 
while shorter-lasting echoes are diffusion limited.

a b

c d

Diffusion Chemistry
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Figure 5. Pressure adjusted counts and flux of vertical component of magnetic field strength averaged by 
time of day.
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Figure 5. Pressure adjusted counts and flux of vertical component of magnetic field strength averaged by 
time of day.

Cosmic ray 
measurement at 

Smithtown HS East

Geomagnetic Field at
Fredericksburg, VA

~2000

Cosmic ray flux vs Geomagnetic Field
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Web Servers
Data Servers

Video Conference
Online Research Journal

Participant Research

Workshops and Courses

Classroom Research

Telescopes 

Shower Detectors 

Radar

External Data

Sensor Stations 
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Dissemination

Where is MARIACHI going?



Data Acquisition
8 channel stand alone



VLF  System



Bay Shore

Brentwood

Deer Park

Farmingdale

Half Hollow 

Hauppauge

Longwood

Mephan

Newfield

Northport

Rocky Point

Roosevelt

Sachem 

Shoreham

Smithtown

Ward Melville

William Floyd

0 25 50 75 100

Minority Population African American Hispanic/Latino

We keep statistics... 

Minority population at schools involved



Teachers

Common project leads to a strong sense of community

Their active participation led to the creation of powerful 
educational material to introduce concepts of particle 
physics in the classroom.

Strong community generate new ideas!  For example 
Teslamania: Physics Demonstration Competition and Visiting 
MasterClass. 



Cosmic Chris
( Tara Terzella -Hauppauge HS)



Cloud Chamber
(Tara Falcone, Bill Leacock, Adam Plana, Rich Gearns, Tom Tomaszewski, 

Jeremy Tomaszewski)



Architecture

Biomedical

Computer Science

Economics

Engineering

Music

Nursing

Physics

0 1 2 3 4 5 6 7 8

HS students majors: completed or declared

We keep statistics... 



Students

HS students. 
•We observe that many of them, especially in S&T, find internships 

as freshmen. 
•Except in few cases, we have no influence in their career path. 
•They stay in touch for many years. 
•What they do as interns has almost no correlation with their 

majors. 

Undergraduate Students
•Excellent experiment for undergraduates - requires creativity and 

innovation.
•The only influence is encouragement to pursue a PhD. 



Omal-Hoda Kassim - 
Syracuse

Glen Meyerowitz - Yale Megan Russ - Geneseo

Akshay Gupta - Yale



Summary

The concept of MARIACHI is good. Its implementation is a real 
challenge considering the large number of variables

Data analysis at schools has been implemented. New tools, e.g. pads 
and tablets could make this activity more interesting. 

It is a good place to expose high school students to authentic 
science.

It is a good place to train undergraduate students. 

Teachers - A common experiment is the ideal “excuse” to form a 
strong community.





Long Range Magnetic
Field Disturbance

Short Range Magnetic
Field Disturbance




