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“It is change, continuing change, inevitable change, 
that is the dominant factor in society today. No 
sensible decision can be made any longer without 
taking into account not only the world as it is, but the 
world as it will be”!

!
Isaac Asimov
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Abstract 

The Mixed Apparatus for Radar Investigation of Atmospheric Cosmic-Rays of High 
Ionization (MARIACHI) project is setting a new standard for authentic learning—
enabling students to learn by doing. Under the direction of scientists, students are 
building, monitoring, and analyzing data from devices that detect ultra high-energy 
cosmic rays in the atmosphere. They are also learning how to connect those devices 
to a larger cyberinfrastructure so they and the scientific community can learn more 
about these highly charged energy particles. 
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MARIACHI 

workshops led by MARIACHI physicists. Armed with soldering irons and instruction manuals, 
the students build their devices and connect them to the Internet. During the workshops, 
MARIACHI staff also explain cyberinfrastructure so that students can better understand the 
Internet and the possibilities of grid computing.  

 

Access to Live Data 
The MARIACHI Web site is the project portal, allowing access to live data as they are 
collected. The data can be used by researchers, students, or high school teachers.  

Original Research 

Participants and researchers have access to real-time data 
collection on the MARIACHI site. 

Classroom involvement does not end 
when the detectors have been built. 
Students and teachers are encouraged to 
lead their own research projects to 
develop new detectors for data collection 
or to run original experiments using the 
data. During the summer, interested 
students and teachers can participate in a 
workshop with MARIACHI researchers to 
provide guidance for their research 
initiatives. The workshops combine training 
and brainstorming with hands-on 
experiments. Research projects and experiments are later posted on the MARIACHI wiki so 
that other students and teachers can access and edit the information. MARIACHI students 
can also post regular, blog-like updates of their work on the wiki.  

Jack Steffens, a 
senior technician 
from Stony Brook 
University, explains 
detector construction 
to students from 
Roosevelt High 
School as their 
teacher, Mahyar 
Nikpour, looks on. 
 
Photo courtesy of Helio 
Takai. 

Examples of student-led research activities include:  

x Clouds and Cosmic Rays: Two students from The Young Women’s Leadership School 
in East Harlem investigated the links between cosmic rays and cloud coverage. By 
studying the flow rate of cosmic rays three times a day for 20 days and capturing high-
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Where is that roll of Duct tape?



TARA - Telescope Array Radar Project



Discover

 

Lightning detector in the foreground with 
a cosmic ray detector in the background. 
Credit: William Hanlon, University of Utah

Panorama of the lightning detector at the left and cosmic ray detector in the middle. Credit: William Hanlon,
University of Utah.

Buzz Blog
Shocking Study from the Largest Cosmic Ray Physics
Experiment in the Northern Hemisphere
Thursday, April 03, 2014
There’s a chance that the
mystifying phenomena we
call lightning would not
exist without cosmic aid.
The same high-energy
particles that light the
night sky with colorful
auroras, scientists think
could also explain a
longstanding problem in
the process of lightning
production. 

When you shock yourself
after reaching for a metal
doorknob, you’re
experiencing a similar
process that leads to
lightning. As long as the
extra charge you
accumulate from, for
example, rubbing your feet across a carpeted surface reaches a minimum value,
called the breakdown voltage, a shock will travel from you to the doorknob.

Storm clouds can also build up extra charge, which must go somewhere. Often times
it will either strike the ground or branch outward across the sky in the form of a
lightning bolt. However, scientists have yet to find a way to explain how storm clouds
build up enough extra charge to electrically illuminate the sky. 

“The cloud has to charge to a certain amount so spontaneous discharge can happen,”
said Helio Takai, a physicist at Brookhaven National Laboratory. “What [scientists]
measure is not enough charge for this spontaneous discharge to happen.”

The solution might lie with cosmic rays, high-energy particles that enter Earth’s
atmosphere from far-off sources, most of which are outside of our solar system. 

About twenty years ago, physicist Alex Gurevich at the Russian Academy of Sciences
in Moscow proposed that cosmic rays could lead to lightning. So far, finding a
correlation has been easier said than done and scientists are still uncertain whether
the two phenomena are linked and at what point in the process cosmic rays might be
important for lightning production.

Takai is hot on the hunt with help from a team of scientists at University of Utah, New
Mexico Tech and Ritsumeikan University in Kyoto, Japan. The team is using the
largest cosmic ray physics experiment in the northern hemisphere, the Telescope
Array, and a series of nearby lightning monitor stations to see if measurements from
both will throw some light on the mystery.

Takai will be presenting the team’s results this weekend at the APS April Meeting in
Savannah, Georgia. 

When cosmic rays enter the atmosphere, they interact with the molecules in the air
by stripping them of some of their electrons. These free electrons go on to liberate
yet more electrons in what scientists call a runaway breakdown effect. The remaining
ions charge up the atmosphere. 

But is that extra charge enough to account for the missing amount in storm clouds
that scientists need to explain lightning formation?

TA/LMA Experiment
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The ATLAS Experiment at CERN





The ATLAS Event Display
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Above: Tania Entwistle's team of students from Ward
Melville High School in New York. Front from left:
Stephen Bohlman, Sammi Qin. Back from left: Ram
Gupta, Lucas Janson, Ari Richman, Josh Steinberg.
Below: Students around the world participate in
videoconferences, lectures, and analysis of particle
physics data.

Photos: Ken Cecire, Hampton University; Ivan Melo,
ilinská universite, Slovakia; and Christine Kourkoumelis,
University of Athens, Greece

Looking for leptons in all the right places 

by Jennifer Lauren Lee
 
In a typical high school physics textbook,

says scienceeducation specialist Beth
Marchant, only the last chapter is devoted to all
the developments since 1900–the stuff that
physicists are actually working on today. "For
teachers who go by the textbook," says
Marchant, "the class never gets there."

Marchant is part of a multinational team,
from programs in Europe and the United States,
collaborating to transform the way physics is
taught. They offer kids the chance to close their
textbooks and experience modern science first-
hand.

A program organized and run by Michael
Kobel of the Technical University in Dresden,
Germany, gives 16- to 18-year-old students the
chance to be "physicists for a day," teaching
them to identify subatomic particles from real
data collected by detectors at the European
laboratory CERN. The European Particle
Physics Outreach Group supports Kobel's
EPPOG "Masterclass."

Based on a smaller-scale program in the
United Kingdom, Kobel's Masterclasses include
60 institutions from 18 countries and a total of
3000 students, all analyzing the same sets of
data. The students gather at local institutions for
one intensive day, with lectures from scientists
on performing measurements with particle detectors. At the end of the day, all join in a videoconference to
share and discuss their results, just as physicists would at one of their own conferences.

home departments science topics image bank archives
subscribe masthead contact

Entwistle’s	  students	  learned	  what	  it	  is	  like	  
to	  break	  new	  ground	  in	  science,	  relying	  on	  
collaboration	  and	  the	  answers	  of	  your	  
colleagues	  to	  check	  your	  work.	  “You	  come	  
away	  with	  a	  deeper	  appreciation	  for	  what	  
scientists	  do—how	  they	  collaborate	  with	  
each	  other,”	  Bohlman	  says.	  “Scientists	  aren’t	  
the	  classic	  Back	  to	  the	  Future	  scientist	  with	  
the	  white	  lab	  coat	  and	  the	  crazy	  gray	  hair.”

(2006)
First in the US



“Enrichment, please”



Data Analysis at William Floyd HS



Is that for real?



2013 Video Conference!
(before Harlem Shake)



2014 Video conference
William Floyd, Shoreham - Wading River,Smithtown, Farmingville 
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William Floyd Science Students Participate in International Physics
Masterclass

BNL physicist Howard Gordon displays a Kapton electrode from the Large Hadron Collider’s ATLAS detector to some of the high-school
students who participated in the Masterclass. Front row: Theresa Bender and Spring Yu (Shoreham Wading River), D’azia Enriquez

(William Floyd High School), Matthew Ciullo (Farmingdale); back row: Anupam Bubhram Mahadeo (William Floyd High School), Eda Algur
(Smithtown High School West), Justin Lerner (Smithtown High School East) and Elijah Mas (Farmingdale). (Roger Stoutenburgh/BNL)

In a partnership with area high schools and Brookhaven National Laboratory (BNL), William Floyd AP Physics students recently had
the opportunity to participate in an International Physics Masterclass, where they searched for the elusive Higgs boson particle (a
particle that gives mass to other fundamental particles) and analyzed data from the powerful particle accelerator at the Large Hadron
Collider located at the CERN Laboratory in Geneva, Switzerland.

The students, working with high school counterparts from Farmingdale, Smithtown and Shoreham-Wading River, first delved into the
world of subatomic particles through various presentations and later examined the products of collisions of elementary particles
traveling at close to the speed of light.
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“The	  International	  Physics	  
Masterclass	  is	  a	  unique	  
opportunity	  for	  students	  to	  
interact	  in	  a	  challenging,	  active	  
and	  international	  learning	  
environment,”	  said	  Cristina	  
Brazzelli,	  AP	  Physics	  teacher,	  
William	  Floyd	  High	  School.	  “It	  
also	  gives	  them	  the	  opportunity	  
to	  work	  elbow-‐to-‐elbow	  with	  
scientists	  and	  get	  a	  taste	  of	  how	  
modern	  research	  in	  physics	  
works.	  This	  program	  pulls	  high-‐
energy	  physics	  out	  of	  the	  
classroom	  and	  into	  real-‐life	  
applications.”	  
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Newsday  > Long Island

Forty-two LI educators are
named NYS Master Teachers
Originally published: April 14, 2014 7:01 PM
Updated: April 14, 2014 9:36 PM
By JO NAPOLITANO  jo.napolitano@newsday.com

Gillian Winters is one of 42 Long Island teachers selected by the state as Master Teachers on Monday, April 14,
2014. (Credit: Joseph D. Sullivan)

The New York State Master Teachers program on Monday
announced the names of 42 Long Island educators who will join the
ranks, sharing their best ideas with their peers.

A total of 215 people statewide have been tapped for the program
this year; 104 were chosen in October when the initiative was
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“She	  helps	  lead	  a	  particle	  physics	  
master	  class	  that	  allows	  students	  to	  
analyze	  data	  collected	  by	  CERN,	  the	  
world-‐famous	  laboratory	  near	  
Geneva,	  and	  to	  talk	  with	  its	  
scientists	  about	  their	  Qindings.”



At the American 
Association of Physics 

Teachers meeting



“Behind the scenes” tours of Metropolitan Museum, AMNH 
and of course Brookhaven Labs.



Hailing a cab

“Thanks	  for	  the	  pics	  and	  
for	  the	  invitation.	  	  It	  was	  
fun	  to	  talk	  about	  the	  stuff	  
we	  have	  worked	  on,	  and	  I	  
had	  an	  interesting	  
conversation	  with	  Boris	  
from	  Uzbekistan”



Reunion Lunches



Concluding Remarks

There are many good reasons why scientists should interact 
with teachers, students and the public. 
!
“Crowd-sourced” science can lead to new science and new 
educational initiatives - planting new seeds! 
!
The CERN MasterClass is a good initiative - It gives students 
a glimpse of “big science”. Students meet peers from other 
schools and countries to understand (a bit) what we do.  
!
We should also listen to critics: “Why don’t we do the same 
with RHIC data?”  
!
It has been a good run! 




