The D@ experiment is one of two large collider experiments based at the

—ermilab Tevatron. It commenced operations in 1992 and its first data taking
period went until 1996. During that time, DG and its sister experiment CDF
jointly discovered the top quark. In 1996, the accelerator stopped operations for

a significant upgrade. The Tevatron began again in 2001 and will run semi-

continuously until 2010.
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The D@ experiment is made of several
technologies, ranging from a silicon and
optical fiber tracker, surrounded by a
calorimeter that includes uranium (not the
kind that goes “boom!”) and liquid argon and
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The D@ Detector

The two collider experiments are
situated at two separate spots on
the Tevatron accelerator, a ring
four miles in circumference.

The laboratory iIs located about
forty miles west of Chicago. It
comprises some 5,800 acres of
undeveloped land and provides a
home to many plant and animal
species in a natural environment.
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weighs about 5,000 tons. You can see
examples and artifacts of the detector
technologies in this museum area.

The D@ collaboration is formed by about 600
physicists, 25% of which are graduate
students working on their Ph.D. degree. Our

caLorivETRY -~ collaboration is very international in flavor,

iIncluding physicists from all over the world.
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Three Generations of Matter
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Experiments at Fermilab investigate the
fundamental constituents of matter, the
guarks and leptons from which everything
IS comprised. Of the particles shown
above, three of them were discovered at
Fermilab, the bottom quark (1977), the
top quark (1995) and the tau neutrino
(2003). The other particles were all
discovered at other laboratories.

In these posters, you will find a tiny

sampling of the physics results we have
measured. Research at D@ has yielded
hundreds of Ph.D. theses and hundreds
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If this idea were true, physicists could unify
electromagnetism and the weak force and explain
the disparity of particle masses. Higgs realized that
If his idea were true, there would necessarily be a
particle not yet discovered, called the Higgs Boson
and made popular in Leon Lederman’s book The

God Particle.
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ea Is correct, we can calculate how it will decay.
We know that if the Higgs Boson is very massive, it will decay into pairs of

W bosons. If it is lighter, it will decay P

Into a pair of bottom quarks. There are
other possibilities, but these are of

lesser interest.
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right we show our results.

The horizontal black line shows the Standard Model
prediction, while the wiggly one shows our results.
We know that region above the wiggly black line is
excluded. As we accumulate more data, the wiggly
line will approach the straight line. If the wiggly line
goes below the straight line, we will rule out that
mass.
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When we combine our results
with our sister experiment (CDF),
we effectively double the amount
of data we have recorded. The
combined data of both
experiments have excluded a
Higgs Boson mass of 170 GeV.

This achievement shows that
the Fermilab Tevatron may be the place where the

Higgs boson is discovered!

95% CL.

e, \
NS 0
G :
ke Wi { i
to, ¢ ; H

0.8 L N ]

0.9fmsasy

i ) ¢ ”,
b ! L o

:Ll-"é:v et bz tijll-x~x :ie;‘&i )f|i||'\;=1'
155 160 165 170 175 180 185 190 195 200
my; (GeV/c?)
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The electroweak bosons (the W & Z bosons) mediate the weak force, which
governs some kinds of radioactive decay. Unlike their purely-electromagnetic
cousin (the photon or y), they are very heavy, weighing about 100 times as much as
a proton. They were discovered in Europe in 1983-1984. Because these bosons
are so heavy and because they mediate the weak force, they are rarely made.

While the study of the weak force is important in its own right, we now exploit the
rarity of observing electroweak bosons while looking for Higgs bosons. The easiest
way to observe the Higgs boson is either through its decay into pairs of electroweak

bosons, or its production at the same time as a W or Z boson.

D@ recently observed the production of pairs of Z bosons, the last such unobserved

combination except for the Higgs boson itself.

In this analysis, countless collisions and billions of recorded collisions were
In the end, precisely three such collisions were observed, with an
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expected “background” (i.e. events that looked like what we wanted but were fake)

of 0.01 fake events.

ZZ Production
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A Collision in Which Two Z Bosons
Were Created
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ET scale: 3 GeV
Muon tracks

Hitting Rock Bottom

J=1/2 b Baryons

There are two

We see here In these plots the difficulty in observing these particles. Below
you can see a diagram of what is going on. To the right, you see the same
The top figure is the entire collision, with both
On the bottom, only tracks relevant to

collision

detectors and tracks overlaid.
observing the Q- are displayed.

guarks.

gquark) and the

kinds of subatomic

particles, called mesons and baryons.
Mesons contain a quark and antimatter
quark, while baryons contain

three

Two rare kinds of baryons were observed
for the first time
(containing a down, strange and bottom

in D@, the Z=-

Q-, (containing two

strange quarks and a bottom quark.)

two different times.

Decay Chain of Newly-Discovered Baryons
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