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Asthe ATLAStilecd is constructed it will be necessary to check that
every component isworking properly, and working together properly.
This paper discusses the development of a blue LED cdibration source
designed to acampli sh this task.

Introduction

Most of the work the author did this simmer (and duing the 1998 1999schod
year) was concerned with a particle detector called ATLAS (A Toroidal LHC ApparatuS),
which isto be up andrunning at CERN (European Center for Nuclear Research) in 2005.
ATLASwill belocaed onthe LHC (Large Hadron Colli der) ring a¢ CERN. Aroundthe
ring in oppaite directions two beamns of protonswill race The beanswill collide &
various points, such asin the ceater of ATLAS. The detector will attempt to determine
what particles are aeated in these proton-proton colli sionsin various ways. One method
isto measure the energies of the aeaed particles, using adevicecalled a cdorimeter.
One of the types of cdorimetersthat will makeup ATLAS is atile calorimeter (tilecd).
In atilecd scintill ating til es are used to measure said energies. Inthe ATLAStilecd this
isdorein the following manner: When energy in the form of ultraviolet wavelength light
hits atile, that tile emits blue light. The blue light is transmitted through thetileto a
wavelength shifting (wls) fiber. When said fiber is exposed to blue light, it emits green
light; in away it shifts the wavelength of the light from blue to green. The green light is
then transmitted through the fiber to a phaotube, and eventually to a computer, which
interprets the data it receves and decides whether the colli sionwas interesting (in which
case the event data ae written to tape), or not (in which case the data are discarded).
Starting next fall comporents of the ATLAS tilecal, modues made up d rows of
scintill ating til es couded to fibers, etc. will be cnstructed at MSU. At various paintsin
the production processchecking will need to be dore to make sure the fibers are crredly
routed, etc. Two of the major projeds onwhich the aithor worked this simmer, ore of
which will be discussed here, are related to this testing.

After the tilecal modues are cmmpleted they will need to be tested to insure that
ead comporent works, that these cmmponrents work together properly, etc. The origina
ATLAS plan was to dothisround d testing with aradioadive source Cs-137. This
sourcewasto be driven through the source tube that runs through ead row of tiles. The
tileswould deted the radiation from the source, the data from this detedion would travel
through the system, be read by a cmmputer, and by looking at these data experimenters
could deduce problems with the modue. However, members of the MSU group,
particularly Professor Joey Huston, were nat in favor of thisfor reasons related to the
radioadivity of the source. For example, space would have to be deared ou and roped



off inthe lab for aradioadive areg and some members of the groupwould haveto go
through radiation training. Thus development of a nonradioadive devicethat could be
used in placeof the Cs-137 source was begun.

TheFirst Prototype

The best alternative to the Cs ourcewas determined to be arelatively long
(approximately 15 cm), narrow tube. The tube would encase ablue LED butted up
against afrosted glass thelight from the LED esceping the casing through the glassrod
through a narrow dlit 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 sourceversus those of ablue LED source)","," A prototype source of
thistype was made. The casing of this urce was plastic. This prototype sourcewas
used to test the dependence of the PMT current on the Cartesian and azimuthal pasition
of aprototype light source. The lessdependence, the more pasitionally 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 cali bration source.

The devicefor testing source uniformity was constructed of the foll owing
elements, from left to right in Figure 1. Farthest left is an x-y movement device
Movement in the pasitive x diredion is towards the bottom of the picture, in the positive
y directionis towards the right side of the picture. Next isamock tile stadk, threetiles
high. Thetiles are parall el with the bottom andtop d the light box. Thus, the light
source entered the sourcetube by moving in the negative z diredion. Thedialsontop o
the mock til e stadk were used to measure the x and y pasition d the source. The silver
bar was used to conrect the sourceto the x-y movement device, and the spring held the



source against the sil ver bar. The fibers coming diredly out of the mock til e stack are the
wis fibers that transmit the light from the scintill ator to the pha.omulti pli er tubes (PMTSs).
There aetwo fibers, each coupedtoaPMT. The PMTs are the two blad tubes
immediately to the right of the mock til e stack, right next to the sides of the box (at the
top and the bottom of the picture). All of the wires onthe right side of the box then
transmit the PMT current from the PMTs through a feed-through in the side of the box.
The arrent isthen finally transmitted to a digital multimeter. The experiments were dore
with this apparatus placed in asmall li ght box. Thisisthe bladk box containing the
devicein the picture.

PMT Current (microamps)

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



PMT Current vs. Y Position
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Figure 3: PMT current is effedively independent of the y paosition d the source

From the datain Figures 2 and 3the experimenters concluded that the PMT
current did depended onthe x position d the source, but not onthey. Thisis because
movement in the x diredion moved the sourcefarther away from one of the wis fibers
and closer to the other. However, for the experimenters’ purpaoses, it was only necessary
to observe that the PMT current was dependent on the x-y position d the light source



PMT Current vs. Azimuthal Angle
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Figure4: PMT current is dependent on the aimuthal orientation d the source.

From the datain Figure 4 the experimenters concluded that the PMT current did
depend onthe a&imuthal orientation d the light source This had multi ple implicaions.
The gerture of the first prototype was not azimuthally symmetric. The source was
initially quite so, the surfaces which formed the gerture were machined with an eye
toward azimuthal symmetry. However, the source was then squeezed in avice multiple
timesin an effort to seaure the glassrodin ore of the sides of the source. These data
indicaed that the phaotubes were ale to deted this gnall azimutha nonsymmetry.

These data dso indicated four points the experimenters considered in designing
the next prototype light source. First, that the source shoud be centered as much as
passble in the canter of the source tube hole. Second,that the source shoud be made to
not move laterally or verticdly during arun, so that light will be emanating from a
constant x-y position, so that the dependence of the data on the Cartesian pasition d the
light sourcewill not be asource of error. Third, that care shoud be taken to make the
aperture a azimuthally symmetric as posshble. Fourth, that the sourceshoud na rotate
during arun, so even that if the goerture is azimuthally nonsymmetric adetectable
amourt, any spedfic portion d each tile will be expaosed to the same anourt of light
through arun.



The Second Prototype

Figure 4: The second cali bration source prototype of the summer.

The second cdi bration source prototype of the summer was designed with a
primary goal of making the phaotube airrent as independent as possble of the x-y
pasition and azimuthal uniformity of the source This was the motivation for the aldition
of six finlike wires on ead end of the source. These “fins,” seen clealy in Figure 4, are
placeal aroundthe body of the source d 60 degreeintervals(i. e. a 0, 60, 120, 180, 240
and 300 egrees). Thefinsare composed of .0010 pianowires, and eat pair of fins (a
finandthefin 180 agrees away from it) isadually composed of onewire. Thiswire
runs through ahaolein the body of the source, is bent on ead side of the hole and then
runs down the body of the source and through ahaleinthe end. Also, the body of the
sourceis compaosed of brassbecause thiswill provide amore symmetric goerture than
plastic. Thisisbecaisethe asymmetry of the goerture in the previous prototype was
caused by adeformation d the body of the source and lrass being more rigid than
plastic, isless sibjed to deformation.

In Figure 4, the sil ver colored wire on the left side of the picture servesto pul the
cdibration source through the sourcetube in the tilecal modue. The blue wire onthe
right transmits power to the LED, which isinside the brassbody of the source. Through
the goerture, visible a aline down the center of the source, isthe frosted glassrod
through which the light from the LED escapes. Both the LED and the glassrod are
contained within the widest part of the source, the part that isnot caged in wire. Figure5
depicts the locaions of the LED and the glassrod, as well as other aspects of the
cdibration source.
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Figure 5: A schematic diagram of the second cali bration source prototype.”
ATLASPhysics

Today high energy physicists' knowledge &ou the fundamental nature of the
universeis catalogued in the standard model. Idedly, the standard model is essentially
the rules of the game of the universe. It lists the players (quarks and leptons) and hav
they may interadt with ore ancther.” However, there remain questions abou this game
that the standard model fail sto answer. Many physicists hope that the datathat ATLAS
will begin to takein 2005will help to answer these questions.

One of the questions high energy physicists ask yet today is“What is mass?’ In
other words, how do oljects come to have mass? Andwhy are some objeds more
massve than athers are? Today the most popuar answer to this question concerns the
Higgs bason, a as Leon Lederman cdled it, “The God Particle.”"" In Higgs theory, the



entire universe isfill ed with a seaof Higgs particles, and this ®aistermed the Higgs
field. Any obed present in thisfield interads withit. Objeds that interact with the field
wely are lessmassve, and those that interact with it strongly are more massve."™
Indication d whether or nat Higgs theory accurately tell s the story of masshinges upon
the discovery of the Higgs particle. If said basonis detected, it is drong evidencethat
this theory answers fundamental questions abou mass The most likely site for the
discovery of the Higgsis a particle acelerator, whereit could be aeated in a llision
and then detected by adetedor. What lab shoud discover the Higgs depends uponits
mass which isright now thought to be somewhere aound 10Qto 200 hlli on eledron-
Volts (eV). The more massve the Higgs, the more energetic the alli sion reeded to
credeit. If the Large Electron-Positron (LEP) accderator at CERN failsto seethe
Higgs, thereisa dancethat it will be aeaed in the more energetic colli sions at the
Fermi National Accelerator Laboratory (Fermilab) in Batavia, Illi nais, when that
acacelerator goes online sometime in 2000. If the Higgsis sen at neither of these labs,
thereisa diance it will be deteded by ATLAS, in which colli sions aroundseven times as
energetic asthaose & Fermilab will occur. Because of the highly energetic nature of the
LHC, if the Higgs basonisnat by ATLAS, or by the other main detector there (CMYS), it
islikely that new physics which answers fundamental questions about masswill be.

Asthe nucleusis composed of nucleons, and nucleons are composed of quarks,
physicists wonder if quarks are in turned compased of an even small er particle or
particles. The extremely energetic colli sions that will take placeinside ATLAS will
allow physicists to peer further inside the quark, and answer questions abou its possble
compasition, than ever before.”

High energy physics apparatus, such asthe LHC and ATLAS, can be used to
perform some astrophysics reseach. One question asked by astrophysicists is whether
the universe will continue expanding forever, or if it will some day stop expanding and
begin to contrad, leading ultimately to a “big crunch.” The universe must have acertain
minimum massin order to dothis. When all of the massin the universe that can be seen
isadded up,it does not reach this minimum amourt. Thus, the term “dark matter” was
coined to describe massthat canna be seen. With ATLAS, scientists will perhaps be
able to seesome of this dark matter, and determine with more certainty than scientists can
today whether there will be abig crunch.

A goal in physicsisthe unification d the forces. Electricity and magnetism were
unified in eledromagnetism; then eledromagnetism and the wegk force were unified in
eledrowed theory. A Grand Unified Theory (GUT) would unfy the dedromagnetic
force and the we&k forcetogether with the strong force Theory and experimental data
suggest that at very high energies the strong, weak and eledromagnetic forces $roud
behave identically. The mlli sionsthat will t ake placein the LHC could be energetic
enough for ATLASto observe this 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, nore of these supersymmetric particles have been
seen experimentally. ATLASwill have the caabili ty to search for avariety of
supersymmetric particles. Finally, if gravity is unified with the other three forces,
physicistswill have the Theory of Everything (TOE). This could be achieved through the
guantization d the gravitational force. That is, gravity would transmitted by aforce



carier, the a yet undscovered graviton, as are the other forces. (The strong forceis
transmitted by the gluon,the we& force by the W and Z bosons, and the dedromagnetic
forceby the phaon.) In bringing humankind closer to aGUT, ATLAS ultimately brings
humankind closer to the Theory of Everything."
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