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As the ATLAS tilecal is constructed it will be necessary to check that
every component is working properly, and working together properly.
This paper discusses the development of a blue LED calibration source
designed to accomplish this task.

Introduction

Most of the work the author did this summer (and during the 1998-1999 school
year) was concerned with a particle detector called ATLAS (A Toroidal LHC ApparatuS),
which is to be up and running at CERN (European Center for Nuclear Research) in 2005.i

ATLAS will be located on the LHC (Large Hadron Colli der) ring at CERN.  Around the
ring in opposite directions two beams of protons will race.  The beams will colli de at
various points, such as in the center of ATLAS.  The detector will attempt to determine
what particles are created in these proton-proton colli sions in various ways.  One method
is to measure the energies of the created particles, using a device called a calorimeter.
One of the types of calorimeters that will make up ATLAS is a tile calorimeter (tilecal).
In a tilecal scintill ating tiles are used to measure said energies.  In the ATLAS tilecal this
is done in the following manner: When energy in the form of ultraviolet wavelength light
hits a tile, that tile emits blue light.  The blue light is transmitted through the tile to a
wavelength shifting (wls) fiber.  When said fiber is exposed to blue light, it emits green
light; in a way it shifts the wavelength of the light from blue to green.  The green light is
then transmitted through the fiber to a phototube, and eventually to a computer, which
interprets the data it receives and decides whether the colli sion was interesting (in which
case the event data are written to tape), or not (in which case the data are discarded).
Starting next fall components of the ATLAS tilecal, modules made up of rows of
scintill ating tiles coupled to fibers, etc. will be constructed at MSU.  At various points in
the production process checking will need to be done to make sure the fibers are correctly
routed, etc.  Two of the major projects on which the author worked this summer, one of
which will be discussed here, are related to this testing.

After the tilecal modules are completed they will need to be tested to insure that
each component works, that these components work together properly, etc. The original
ATLAS plan was to do this round of testing with a radioactive source: Cs-137.  This
source was to be driven through the source tube that runs through each row of tiles.  The
tiles would detect the radiation from the source, the data from this detection would travel
through the system, be read by a computer, and by looking at these data experimenters
could deduce problems with the module.  However, members of the MSU group,
particularly Professor Joey Huston, were not in favor of this for reasons related to the
radioactivity of the source.  For example, space would have to be cleared out and roped



off in the lab for a radioactive area, and some members of the group would have to go
through radiation training.  Thus development of a non-radioactive device that could be
used in place of the Cs-137 source was begun.

The First Prototype

The best alternative to the Cs source was determined to be a relatively long
(approximately 15 cm), narrow tube.  The tube would encase a blue LED butted up
against a frosted glass, the light from the LED escaping the casing through the glass rod
through a narrow slit somewhere in the body of the device.  (Incidentally, there was
considerable debate in the ATLAS community during the first half of 1999 over the
merits of a cesium source versus those of a blue LED source.)ii,iii ,iv  A prototype source of
this type was made.  The casing of this source was plastic.  This prototype source was
used to test the dependence of the PMT current on the Cartesian and azimuthal position
of a prototype light source.  The less dependence, the more positionally and azimuthally
uniform the source.  Thus, the uniformity of the source was tested.

Figure 1: This apparatus was used to test the Cartesian and
azimuthal uniformity of the first prototype calibration source.

The device for testing source uniformity was constructed of the following
elements, from left to right in Figure 1: Farthest left is an x-y movement device.
Movement in the positive x direction is towards the bottom of the picture, in the positive
y direction is towards the right side of the picture.  Next is a mock tile stack, three tiles
high.  The tiles are parallel with the bottom and top of the light box.  Thus, the light
source entered the source tube by moving in the negative z direction.  The dials on top of
the mock tile stack were used to measure the x and y position of the source.  The silver
bar was used to connect the source to the x-y movement device, and the spring held the



source against the silver bar.  The fibers coming directly out of the mock tile stack are the
wls fibers that transmit the light from the scintill ator to the photomultiplier tubes (PMTs).
There are two fibers, each coupled to a PMT.  The PMTs are the two black tubes
immediately to the right of the mock tile stack, right next to the sides of the box (at the
top and the bottom of the picture).  All of the wires on the right side of the box then
transmit the PMT current from the PMTs through a feed-through in the side of the box.
The current is then finally transmitted to a digital multimeter. The experiments were done
with this apparatus placed in a small li ght box.  This is the black box containing the
device in the picture.

PMT Current vs. X Position
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Figure 2: PMT current is dependent on x position of the source.



PMT Current vs. Y Position
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Figure 3: PMT current is effectively independent of the y position of the source.

From the data in Figures 2 and 3 the experimenters concluded that the PMT
current did depended on the x position of the source, but not on the y.  This is because
movement in the x direction moved the source farther away from one of the wls fibers
and closer to the other.  However, for the experimenters’ purposes, it was only necessary
to observe that the PMT current was dependent on the x-y position of the light source.



 

PMT Current vs. Azimuthal Angle
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Figure 4: PMT current is dependent on the azimuthal orientation of the source.

From the data in Figure 4 the experimenters concluded that the PMT current did
depend on the azimuthal orientation of the light source.  This had multiple implications.
The aperture of the first prototype was not azimuthally symmetric.  The source was
initially quite so, the surfaces which formed the aperture were machined with an eye
toward azimuthal symmetry.  However, the source was then squeezed in a vice multiple
times in an effort to secure the glass rod in one of the sides of the source.  These data
indicated that the phototubes were able to detect this small azimuthal non-symmetry.

These data also indicated four points the experimenters considered in designing
the next prototype light source.  First, that the source should be centered as much as
possible in the center of the source tube hole.  Second, that the source should be made to
not move laterally or vertically during a run, so that light will be emanating from a
constant x-y position, so that the dependence of the data on the Cartesian position of the
light source will not be a source of error.  Third, that care should be taken to make the
aperture as azimuthally symmetric as possible.  Fourth, that the source should not rotate
during a run, so even that if the aperture is azimuthally non-symmetric a detectable
amount, any specific portion of each tile will be exposed to the same amount of light
through a run.



The Second Prototype

Figure 4: The second calibration source prototype of the summer.

The second calibration source prototype of the summer was designed with a
primary goal of making the phototube current as independent as possible of the x-y
position and azimuthal uniformity of the source.  This was the motivation for the addition
of six finlike wires on each end of the source.  These “fins,” seen clearly in Figure 4, are
placed around the body of the source at 60 degree intervals (i. e. at 0, 60, 120, 180, 240
and 300 degrees).  The fins are composed of .0010” piano wires, and each pair of f ins (a
fin and the fin 180 degrees away from it) is actually composed of one wire.  This wire
runs through a hole in the body of the source, is bent on each side of the hole and then
runs down the body of the source and through a hole in the end.  Also, the body of the
source is composed of brass because this will provide a more symmetric aperture than
plastic.  This is because the asymmetry of the aperture in the previous prototype was
caused by a deformation of the body of the source, and brass, being more rigid than
plastic, is less subject to deformation.

In Figure 4, the silver colored wire on the left side of the picture serves to pull the
calibration source through the source tube in the tilecal module.  The blue wire on the
right transmits power to the LED, which is inside the brass body of the source.  Through
the aperture, visible as a line down the center of the source, is the frosted glass rod
through which the light from the LED escapes.  Both the LED and the glass rod are
contained within the widest part of the source, the part that is not caged in wire.  Figure 5
depicts the locations of the LED and the glass rod, as well as other aspects of the
calibration source.
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Figure 5: A schematic diagram of the second calibration source prototype.v

ATLAS Physics

Today high energy physicists’ knowledge about the fundamental nature of the
universe is catalogued in the standard model.  Ideally, the standard model is essentially
the rules of the game of the universe.  It lists the players (quarks and leptons) and how
they may interact with one another.vi  However, there remain questions about this game
that the standard model fails to answer.  Many physicists hope that the data that ATLAS
will begin to take in 2005 will help to answer these questions.

One of the questions high energy physicists ask yet today is “What is mass?”  In
other words, how do objects come to have mass?  And why are some objects more
massive than others are?  Today the most popular answer to this question concerns the
Higgs boson, or as Leon Lederman called it, “The God Particle.” vii  In Higgs theory, the



entire universe is fill ed with a sea of Higgs particles, and this sea is termed the Higgs
field.  Any object present in this field interacts with it.  Objects that interact with the field
weakly are less massive, and those that interact with it strongly are more massive.viii

Indication of whether or not Higgs theory accurately tells the story of mass hinges upon
the discovery of the Higgs particle.  If said boson is detected, it is strong evidence that
this theory answers fundamental questions about mass.  The most likely site for the
discovery of the Higgs is a particle accelerator, where it could be created in a colli sion
and then detected by a detector.  What lab should discover the Higgs depends upon its
mass, which is right now thought to be somewhere around 100 to 200 billi on electron-
Volts (eV).  The more massive the Higgs, the more energetic the colli sion needed to
create it.  If the Large Electron-Positron (LEP) accelerator at CERN fails to see the
Higgs, there is a chance that it will be created in the more energetic colli sions at the
Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illi nois, when that
accelerator goes online sometime in 2000.  If the Higgs is seen at neither of these labs,
there is a chance it will be detected by ATLAS, in which colli sions around seven times as
energetic as those at Fermilab will occur.  Because of the highly energetic nature of the
LHC, if the Higgs boson is not by ATLAS, or by the other main detector there (CMS), it
is li kely that new physics which answers fundamental questions about mass will be.

As the nucleus is composed of nucleons, and nucleons are composed of quarks,
physicists wonder if quarks are in turned composed of an even smaller particle or
particles.  The extremely energetic colli sions that will t ake place inside ATLAS will
allow physicists to peer further inside the quark, and answer questions about its possible
composition, than ever before.ix

High energy physics apparatus, such as the LHC and ATLAS, can be used to
perform some astrophysics research.  One question asked by astrophysicists is whether
the universe will continue expanding forever, or if it will some day stop expanding and
begin to contract, leading ultimately to a “big crunch.”  The universe must have a certain
minimum mass in order to do this.  When all of the mass in the universe that can be seen
is added up, it does not reach this minimum amount.  Thus, the term “dark matter” was
coined to describe mass that cannot be seen.  With ATLAS, scientists will perhaps be
able to see some of this dark matter, and determine with more certainty than scientists can
today whether there will be a big crunch.x

A goal in physics is the unification of the forces.  Electricity and magnetism were
unified in electromagnetism; then electromagnetism and the weak force were unified in
electroweak theory.  A Grand Unified Theory (GUT) would unify the electromagnetic
force and the weak force together with the strong force.  Theory and experimental data
suggest that at very high energies the strong, weak and electromagnetic forces should
behave identically.  The colli sions that will t ake place in the LHC could be energetic
enough for ATLAS to observe this.xi  One theory discussed by many physicists,
particularly within the context of GUTs, is supersymmetry.  In supersymmetry theories
every fundamental particle has a supersymmetric partner.  The quark has the squark, and
the lepton has the slepton.  However, none of these supersymmetric particles have been
seen experimentally.  ATLAS will have the capabili ty to search for a variety of
supersymmetric particles.xii  Finally, if gravity is unified with the other three forces,
physicists will have the Theory of Everything (TOE).  This could be achieved through the
quantization of the gravitational force.  That is, gravity would transmitted by a force



carrier, the as yet undiscovered graviton, as are the other forces.  (The strong force is
transmitted by the gluon, the weak force by the W and Z bosons, and the electromagnetic
force by the photon.)  In bringing humankind closer to a GUT, ATLAS ultimately brings
humankind closer to the Theory of Everything.xiii
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