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Abstract

While a graphical display program may seemto be an ideal can-
didate for particle detection and identi cation, one must keep in mind
the sheervolume of data produced by today's accelerators. Trigger lev-
els are commonly implemented in order to reduce unnecessarydata, but
even with triggering, millions of events per secondwill occur in CERN's
Large Hadron Collider (LHC). The place of an event display, such as AT-
LANTIS, is therefore not to sift through data, but to conrm interesting
physicsidenti ed through data analysis techniques such asparticle tagging
with neural networks. When events are properly agged, the ATLANTIS
program will provide extremely convincing evidence as to the validity of
those ags.
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1 A Lightning Review of ATLAS

ATLAS, or A Toroidal LHC A pparatuS, will be the main detector responsi-
ble for monitoring and recording events at the Large Hardon Collider (LHC)
when it becomesoperational in 2007. The LHC will have a 27 kilometer beam
pipe and consenative estimates call for 14 TeV certer-of-mass collisions be-
tweenprotons. Currently, the Tevatron at Fermilab is the producer of the most
energeticcollisions (approximately 2 TeV certer-of-massproton-antiproton col-
lisions). Not only will the LHC produce signi cantly higher energy collisions,
but the luminosity increaseover current acceleratorswill be substartial. Top
quark production in the LHC will occur at a rate of 7 10 4 Hz { a rate more
than 1000times the current production rate of the Tevatron. With the LHC in
operation, the upper limit of the Higgs boson masswill easily be probed.
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Figure 1: Cross-SectionalView of the ATLAS Detector

Sincethe detector componerts are readily available from the CERN website
(www.cern.ch), only the main componarts which arerelevert to the ATLANTIS
evert display program will be discussedin this paper.

The ATLAS detector can be thought of asfour distinct detectors acting as
one. The inner-most detector, pictured asyellow in gure 2, works in conjunc-
tion with the magnetic systemin order to track the momertum of chargedparti-
cles. Further out from the certer, the calorimeter detectorsare showvn in orange
and greenin gure 2. There are two calorimeter detectors; while both detec-



Figure 2: ATLAS Main Detector Componerts

tors serve to measurethe energiesof particles, the electromagnetic calorimeter
detector senesto measureelectromagneticshaverswhile the hadronic detector
(liquid Argone) measurehardronic showers. Finally, pictured in blue in gure
2 is the muon spectrometer. Since muons are extremely heavy, seweral layers
of steel are required in order to slow down the particles. The energy deposited
by the muons is measuredby spectrometers located between subsequen steel
layers.

1.1 Inner Detector

The inner detector consistsof three main sections: the pixel detector, the semi-
conductor tracker, and the transition radiation tracker. The pixel detector is
positioned closestto the interaction point and servesthe main purpose of de-
terming the impact parameter resolution and the Inner Detector's ability to nd
short-lived particles. Generally, three pixel layers (each pixel having dimensions
of 50 by 400 m) will be crossedby ead track.

The Semi-Conductor Tracker is capable of making eight precision measure-
ments per track in the intermediate radial range. This data allows calculations
of the momertum, impact parameter, and vertex position. Each silicon detector
is 6.36 by 6.40 cm? with 780 readout strips of 80 m pitch. With 6.2 million
readout channels,the SCT covers a pseudorapidity-range < 2.5.

The Transition Radiation Tracker acts both as a traditional straw tracker
and a transition radiation detector. In its straw tracker capacity, the detector



is out tted with 370,000\stra ws" which are lled with a XeCO,0, compound
which is ionized when particles travel through it. This ionization causesa cur-
rent which is measuredand registeredwithin the TRT. When comparedto the
surrounding straws, a probable path for the particle canbereconstructed. Alter-
natively, in its transition radiation detector capacity, seeral layers of materials
with di ering refractive indices are included within the TRT. At ead interface
betweenmaterials, the Lorentz factor changes,providing a generalindication of
the massof the particle.

1.2 Calorimeter Detectors

As mertioned above, two distinct calorimeter detectors are included within
ATLAS. While both serve the purposeof absorbing energy from particles, eath
detector focuseson a di erent type of particle.

1.2.1 Electromagnetic Calorimeter Detector

The inner-most calorimeter detector, the electromagneticdetector, is responsi-
ble for stopping the electrons, positrons, and photons. Utilizing heavy detector
materials, bremsstrahlung occurs within the detector. This is useful because
solving the Bethe-Heitler calculations yields a relatively simple equation for
determining the energylost in a systemdue to bremsstrahlung.
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While this technique is su cien t for electronsand positrons, a photonsinter-
actions with matter are much more varied. At lower energies,Photoelectric and
Rayleigh scattering occur. At higher energies,Compton scattering and pair pro-
duction are possible. The energylost due to thesetypesof interactions is easily
obtained and is generally part of any undergraduate experimental laboratory
experiment with calorimeters.

1.2.2 Hadronic Calorimeter Detector

As opposedto the limited typesof interactions that can occur within the elec-
tromagnetic calorimeter, the hadronic calorimeter is signi cantly more com-
plicated. In the rst nuclear interaction (a collision with a nucleon) seweral
particles can be produced. These secondaryparticles generally have transverse
momerta on the order of 350 MeV.

Sincetheseinteractions are probabalistic, it is important to understand how
far a particle can travel before it absolutely must have undergone a nuclear
reaction. This distance is can be known as the nuclear interaction length, or

int, and can be determined with the following equation:

A

NA tot

int =

At a distance iy, the probability that a particle has undergonea nuclear
interaction is 100%. Knowing the value of ¢, it is also possibleto determine
the probability that a particle will have had a nuclearinteraction at any distance,
X, through the use of the following equation:.



P(x)=e

The detector is composed mainly of scintilator material, which emits pho-
tons of a speci ¢ wavelength when it is struck by charged particles. While the
hadronsthemselvescould not causethe detector to scirtilate, the hadronic show-
ersposesanany chargedparticles. Therefore, similar to the way that quarks are
only detected through decay products such as jets, hardons are only detected
through infering their presencethrough their hadronic shawvers.

1.3 Muon Spectrometer

Becausemuons are so massiwe, they generally passstraight through the inner
detector, and both calorimeters without losing very much energy Extremely
massive muon detectors must therefore be constructed in order to detect these
particles. The detection systemis basedon the de ection of muonsby the large
barrel toroid. The muons are measuredin three layers of chambers around
the beam axis using Monitored Drift Tubes and a Cathode Strip Chambers.
Detection will occur inside the Resistive Plate Chambers and the Thin Gap
Chambers.

1.3.1 Monitored Drift Tubes

The main constituent of the MDTs is aluminium, constructed in tubes of 30
mm diamter and roughly 400 m wall thickness. Built into ead tube wall is
a wire with a thicknessof 50 m. The aluminium tubescomein varying sizes
ranging from 70 cm to 630cm. The wiresin the tubesare raisedto a potential
of 3 kV.

Each drift tubeis read out by a low-impedance,current-sensitive preampli-
er, with a threshold v e times above the noise level. Eight suc signals are
then storedin a single CMOS circuit and fed into the TDCs which measuredrift
time with a 300 ps RMS resolution. If a Level 1 acceptsignal occurs, the TDC
data is transferred on for further processing.

1.3.2 Catho de Strip Cham bers

The CSCs are multiwire proportional chambes with cathode strip read-out.
The precision coordinate is obtained by measuring the charge induced on the
segmened cathode by the avelanche formed by the anode wire. Relatively
decen special resolutions can be obtained through charge interpolations. In
someprototypes, resolutions on the order of 60 m have beenobsened.

The CSCsare arranged in 2 by 4 layers and will be lled with a mixture
of ArCO,CF4, with a total volume of 1.1 m3. The fact that the gas mixture
cortains no hydrogen, combined with its small gap width, allows for very low
sensitivity to neutron badkground. In general,the CSC is lesssensitive to vari-
ations of the gasparametersthan that of the MDTSs.

1.3.3 Resistiv e Plate Cham bers

The RPS is a gaseouddetector (CoH2F4). The idea behind the detector is that
there is a narrow gap formed by two parallel plates made from bakelite of 2 mm



thicknesswhich is separatedby insulating spacers.Avelanchesare generatedby
high eld of 4.5kV/mm. The signal is measuredthrough a capacitive coupling
by metal strips on both sidesof the detector. The RPCs are expectedto deliver
fast triggers with a resolution of 1.5 ns.

1.3.4 Thin Gap Cham bers

The wires setupin the TGCs are similar to the multiwire proportional chambers.
In the TGCs, however, the small wire distancesare small enoughto guarantee
short drift times, and therefore, good timing resolution. The TGCs are con-
structed in doublets and triplets of chambers. The inner station consistsof one
doublet and is only usedto measurethe secondcoordinate. The sewen chamber
layersin the middle station are arrangedin onetriplet and two doublets which
provide the trigger and the secondcoordinate measuremets. The anode plane
is sandwiched betweentwo cathode planesmadeof 1.6 mm G-10 plates on which
the graphite cathode is deposited. On the backside of the cathode plates facing
the certer plane of the chamber, etched copper strips provide the readout of the
azimuthal coordinate; no readout strips are foreseenfor the certral layer of a
triplet. The TGC layersare separatedby 20 mm thick paper honeyconb panels
which provide a rigit medanical structure for the chambers. On the outside,
the gas pressureis sustained by 5 mm thick paper honeyconb panels. These
are coveredin turn by 0.5 mm G-10 plates to form a trigger signal.

2 The Atlantis Program

Atlantis is an event display program for ATLAS. The primary goal, aslisted on
the collaboration's website, is \the vision investigation and the understanding
of the physicsof completeevents.” Further investigation of this goal and others
will be examinedin later sections.

Currently, the Atlantis project consistsof 14 developpers located at various
universities and academicinstitutions around the world. The Atlantis program
hasbeenslowly maturing and gaining contributers over the courseof forty years.

2.1 Reasons for Implemen ting A Graphical Display Pro-
gram

As was aluded to in section 2, the Atlantis program has two main objectives.
The rst of which is to serve as a meansof verifying and examining interesting
everts which are agged by analysis programs. Secondly graphical display
programs can be usedin order to physically understand algorithms.

2.1.1 Conrming Physics

While Atlantis will likely never be the rst program to nd new physics, it
certainly servesasa usefulveri cation of physics. For example,onemay note an
obvious b-hadron due to the track reconstruction near the point of interaction.
That samepersonmay note that two very prominant electronswere absorbedin
the calorimeter detector. Theoretically, it would seemlogical that the missing
ET of this event would be low, sinceit is likely that a top quark decayed into



a W-bosonand a b-quark, and that b-quark then decayed into an electron and
an electron neutrino.

In situations above, Atlantis senes as a type of sanity chedk to seeif the
triggering algorithms are working properly.

2.1.2 Algorithm  Construction

While algorithm construction is looselytired to the rst goal, many of Atlantis'
cortributers actually consider this reasonthe number one reason for the ex-
istence of a graphical display program. One may be programming something
which usesverticesin order to b-tag. While out of context, the algorithm may
make very little sense.However, when the algorithm is applied in the context
of an event display such as Atlantis, the code can becomemuch more intuitiv e.

2.2 Using Atlan tis

Atlantis is an extremely intuitiv e program, requiring that one only be familiar
with navigating any traditional graphic designpackage (such as GIMP or Pho-
toshop). In the following sections,the program will be usedin order to explore
somesimulated everts.

ATLAS Aatlantis  Event Jivexnl

Figure 3: YX View of an Event in Atlantis



2.2.1 Revisiting the Detector

The resolution of the detector is ne enoughsud that it is possibleto make
out the structure of the detector through its hits. Figure 4 illustrates the pixel
detectors.

Figure 4: Pixel Detector

In gure 5, the two remaining sections of the inner detector are also very
clearly illustrated.



Figure 5: Inner Detector

It is alsopossibleto follow tracks that have beenreconstructedinto the point
of interaction of the collider. From this close-upview, it is a simple task to nd
the impact parameter.

2.3 Simulated Events

In the following section, data that hasbeengeneratedfor ATLAS will be exam-
ined using the Atlantis program.

In Figure 5, the inner detector's tracks can very easily be seen. The way that
this reconstruction works is that the tracking algorithm works backwards, recon-
structing tracks beginning at the muon chambersand working to the calorimeter
detectors. Due largely to the high resolution of the pixel detector, thesetracks
can be reconstructed to the interaction point with very good accuracy

2.3.1 Electron Event

Figure 7 represens an evert in which an electron was produced. The tracking
detectorsclearly indicate that the electron'strack within the inner detector, and
the 3 layersof the electromagneticcalorimeter alsoindicate that energywas de-
posited within their cells. On the leftmost and middle diagramsof Figure 7, this
energy deposit is indicated by the cells within the electromagnetic calorimeter
which are lled in. The amount of highlighting within the cell is proportional
to the amount of energy deposited within that speci c detector cell.
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Figure 6: Impact Param

The diagram on the right of Figure 7 shovsa plot of vs. , wherethe color
is assignedby which detector the data was taken from. The two red peaksare
almost instantaneously indicativ e of electrons: illustrating the versatility of the
lego plot view.

2.3.2 Jet Event

In Figure 8, onceagain the particle can be seenwithin both the inner detector
and the electromagnetic calorimeter. In this evert, however, energy has been
deposited within the hadronic calorimeter aswell. The peakin the legoplot will

not be aswell de ned asin the previous example, sincethe hadron's interaction

with the hadronic calorimeter causeda shower of particles to be created and
interact with not only onecell, but someof the surrounding cells of the hadronic
calorimeter aswell. For this reason,a histogram of deposited energyis generated
and displayed for all of the cells which experienceda gain in energy

2.3.3 Muon Event

The two diagrams in Figure 9 focus mainly on the muon chambers. While
the muons are still detected within the other detectors in the apparatus { as
indicated by the fact that their cellsare outlined { relatively little energywasde-
posited into all of the detectors exceptfor the muon spectrometer. The amount
of energy deposited within the last muon chamber seemsto indicate that the
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Figure 7: Electron Event

Figure 8: Jet Event

muon may have actually escaped the detector, as well.

3 Lego Plot Changelog

It may have beennoted that Figure 9 lacks alegoplot. The reasonfor this miss-
ing plot is simply that the lego plot is a new addition to the Atlantis project,
which is currently under developmert lead by Andy Haas of Columbia Univer-
sity. The following is a list of newly implemented features as of June 2005:

Scaling featuresimplemented
Move features xed
Legendadded
Code for jet courting added
XML revamped in order to allow for changes
Bug in jet polygons corrected
/' cut ability implemented
Bug with EM/Had coloring corrected
Logarithmic and squareroot scalesadded
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Figure 9: Muon Evert
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