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Top Quark Lab

* 15 min YOU
* 15 min ME
* 30 min YOU
* 15 min ME
* Hand In






Top Quark Lab Review

* Following Directions is a gift. Buy it
for yourself.

* The idea that mass and energy are
interchangeable is essential to those
interested in understanding how two
top quarks (actually a top and an
antitop) are created from the collision of
two protons (actually a proton and an
antiproton).



Top Quark Lab Review

* The highly energetic protons collide
to create top quarks of about 180
times the mass of the protons. The
energy of the less massive protons is
converted into the huge mass of the
resultant top quarks.



Top Quark Lab Review

e ...the proton and antiproton pair
were traveling so close to the speed
of light that together they had about
1.8 x 10*° eV worth of energy to
work with. This energy then becomes
the mass of the newly discovered
quarks as shown in this diagram of
E=mc?



http://ed.fnal.gov/samplers/hsphys/activities/graphics/collision_emc2.gif
http://ed.fnal.gov/samplers/hsphys/activities/graphics/collision_emc2.gif
http://ed.fnal.gov/samplers/hsphys/activities/graphics/collision_emc2.gif

Top Quark Lab Review

Before

-

— Z
E=m1C
The energy of the colliding proton and antiproton

Is transformed into the masses of the much more
massive top and antitop quarks.
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Top Quark Lab Review

* To help the students understand the
idea that mass and energy are
interchangeable, this activity examines
the fingerprint of a top/antitop
production that took place in the D-Zero
Detector at Fermilab on July 9, 1995 and
IS Shown in an artist's rendition of
top/antitop production.



http://ed.fnal.gov/samplers/hsphys/activities/graphics/full_d0_detector.gif
http://ed.fnal.gov/samplers/hsphys/activities/graphics/full_d0_detector.gif
http://ed.fnal.gov/samplers/hsphys/activities/graphics/full_d0_detector.gif
http://ed.fnal.gov/samplers/hsphys/activities/graphics/full_d0_detector.gif
http://ed.fnal.gov/samplers/hsphys/activities/artists_rend.html
http://ed.fnal.gov/samplers/hsphys/activities/artists_rend.html
http://ed.fnal.gov/samplers/hsphys/activities/artists_rend.html
http://ed.fnal.gov/samplers/hsphys/activities/artists_rend.html
http://ed.fnal.gov/samplers/hsphys/activities/artists_rend.html
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Top Quark Lab Review

|t is important to point out that the top
and antitop quarks are actually very
short-lived particles. They quickly decay
into daughter particles and then in turn
into "granddaughter” and "great
granddaughter” particles. It is these
offspring that are actually detected by
the scientists at Fermilab.
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Particles Seen by the D-Zero Detector at Fermilab
in a Top Antitop Quark Event.




Top Quark Lab Review

* This event shows that the top and
antitop quarks (shown as t and t-bar
respectively) are never actually
directly detected because they decay
so rapidly into four jets (large blasts
of particles), a muon (green) and a
neutrino (magenta) in the upper
right...




Top Quark Lab Review

* To help visualize the event, you may
look more carefully at the first color
plot labeled CAL+TKS R-Z VIEW
which gives a perspective from the
side of the detector.


http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF
http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF
http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF

D-Zero Detector at Fermi National Accelerator Laboratory - Side View
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http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF
http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF
http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_r-z.GIF
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D-Zero Detector at Fermi National Accelerator Laboratory

CAL+TKS END VIEW 16-JUL-1836 15:33

Run

92704 Event

14022

9-JUL-1995 13:17

61.2 GeV/c



http://ed.fnal.gov/samplers/hsphys/activities/graphics/gifs_students/pix_92704_14022_caltks_end.gif
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Particles Seen by the D-Zero Detector at Fermilab
in a Top Antitop Quark Event.




~~\ +_ab Review

> and red "jets"
iets shown on the

//
// = MUON

X AN le'‘event above.

rou will aiso notice a solid green line
which represents the track.




Top Quark Lab Review

e ...you will also see a green dotted
line. This is a ”sof that is
hidden in a jet. P
that all of the m¢ /(s
measured and al -
plot.




Top Quark Lab Review

* You will also see that the computer

not detectable in ~~
existence is founi- -
total momentum |
collision.




Top Quark Lab Review

* The process of finding the missing
momentum is what your students
will do to determ
top quark. Notic¢ /.
momentum for t|
included on the [ (=
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Top Quark Lab Review

* You are to determine the momentum
of the 'undetectable’ neutrino by
adding up the vectors with directions
shown on the diagram and
magnitudes indicated by the
numbers listed.



61.2 GeV/c




61.2 GeV/c







61.2 GeV/c




61.2 GeV/c

7.3 GeVic



61.2 GeV/c

3 GeVie



STOP HERE!!!

. Lab Review

Run 92704
Event 14022 |....

17.0 GeV/c

58.6 GeV/c 7.3 GeV/c

54.8 GeV/c 61.2 GeV/c

Calculating the Missing Momentum
of the Neutrino




Top Quark Lab Review

* Notice the direction r*iq‘he momentum of the
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D-Zero Detector at Fermi National Accelerator Laboratory - Side View

CAL+TES R-Z VIEW 16-JUL-195%& 15 :35 |Run 92704 E vent 14022 | 5-JUL-155%5 13 :17
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Top Quark Lab Review

* NOTE: Units used on diagram:

GeV
C




Top Quark Lab Review

* NOTE: Units used on diagram:

GeV Energy

— :
C Velocity



Top Quark Lab Review

* NOTE: Units used on diagram:

GeV E
.
C V




Top Quark Lab Review

* NOTE: Units used on diagram:

GeV mc
= — MC

C C




Top Quark Lab Review

* NOTE: Units used on diagram:

GeV
C

—> IMC = MV




Top Quark Lab Review

e A common relation in high-energy physics
Is the following.

E2 = p2 e m2
Because c=1 (next slide)

E=mc? - E=m



Top Quark Lab Review

* Why can c=1? Simple relativity, my
friends.

—As an object approaches the speed of
light, its mass increases exponentially.

Gamma Factor

o 01 02 03 04 056 0B O7 OB 095 1, 14



Top Quark Lab Review

e So, at relativistic speeds, m>> it makes c<<.

VI=M=M




Top Quark Lab Review

* A common relation in high-energy
physics is the following.

EZ ~ p2 = mz
Because c=1
P=mv — p=mc — p=m



Top Quark Lab Review

* In our particular case, it follows that
one should write energy and
momentum in terms of the mass of the
top quark.

E2-p? = (th)z
But p=0 along collision axis...



Top Quark Lab Review

E? - p° = (2m )?
Becomes
E? = (2m )?
Which becomes
E=2m,



Top Quark Lab Review

* Because almost all of the energy of the
collision is the result of top and antitop
decay, we simply add the energies of
the four jets, the soft muon, the muon
and the neutrino before dividing by the
two tops (actually a top and an antitop
quark) to obtain the mass of the most
recently discovered quark.



Top Quark Lab Review

* So use the values you calculated for
momentum (now as enerqy values
and incorporate your new value for the
missing neutrino (42 GeV) before
adding all the energies as scalars to
find 2m..

* |f we use the 42 GeV we got with our
vectors produced with protractor and
straight edge, we get the equation:




Top Quark Lab Review

61.2+7.3+95.5+538.6+54.8+17.0+42

-336.3 GeV
3482 6ev2 = 108 GeV



Top Quark Lab Review

If we use the value of 53.0 GeV calculated by the
computers used by the DO collaboration, we
would have the equation:

61.2 GeV + 7.3 GeVV +95.5 GeV + 58.6 GeV +
54.8 GeV +17.0 GeV +53.9 GeV =348.2 GeV

. 3a82cev2-174.2 GeV

which is even closer to the currently accepted

value of 172 + 2.2 GeV.



Top Quark Lab Review
* Note:

—a mass of 174 Gev/c is heavier than a
Tungsten ATOM (Z=74, M=184)

—T,,=5x107 sec

* Not enough time to form hadrons like the other
quarks

* Decays into

—bottom quark (99.8%)
strange quark (0.17%)
down quark (0.007%)



http://en.wikipedia.org/wiki/Bottom_quark
http://en.wikipedia.org/wiki/Strange_quark
http://en.wikipedia.org/wiki/Down_quark




Top Quark Lab Review




