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Cosmic Ray Muon Detector Experiment
L Muon
L Discovery

Muons were discovered by Carl D. Anderson and Seth
Neddermeyer at Caltech in 1936, while studying cosmic radiation.
Anderson had noticed particles that curved differently from
electrons and other known particles when passed through a
magnetic field. They were negatively charged but curved less
sharply than electrons, but more sharply than protons, for particles
of the same velocity. It was assumed that the magnitude of their
negative electric charge was equal to that of the electron, and so
to account for the difference in curvature, it was supposed that
their mass was greater than an electron but smaller than a proton.
Thus Anderson initially called the new particle a mesotron,
adopting the prefix meso- from the Greek word for " mid-".
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Muons were discovered by Carl D. Anderson and Seth
Neddermeyer at Caltech in 1936, while studying cosmic radiation.
Anderson had noticed particles that curved differently from
electrons and other known particles when passed through a
magnetic field. They were negatively charged but curved less
sharply than electrons, but more sharply than protons, for particles
of the same velocity. It was assumed that the magnitude of their
negative electric charge was equal to that of the electron, and so
to account for the difference in curvature, it was supposed that
their mass was greater than an electron but smaller than a proton.
Thus Anderson initially called the new particle a mesotron,
adopting the prefix meso- from the Greek word for "mid-". The
existence of the muon was confirmed in 1937 by J. C. Street and
E. C. Stevenson's cloud chamber experiment.
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Since their discovery, muon parameters are well defined
m Charge +/- 1
m Mass 105.658389 MeV

Lifetime 2.19703 p sec

Decay (100%) e vv

No strong interaction



Major sources of muons

m Cosmic (decays of pions p— pv )
10 muons/millisecond, E>1GeV
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Major sources of muons
m Cosmic (decays of pions p— uv )
10 muons/millisecond, E>1GeV

m Accelerators
low Pt muons product of mesons decay,100m long 40GeV/c
pion beam line

m High P; muons product of heavy objectsdecays: b,W/Z, etc.
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I—What is this experiment about?
LTheory

“Primary” cosmic rays, which are mainly protons (and a few
heavier nuclei), interact with nucleons in the earth’s upper
atmosphere in much the same way that fixed target collisions occur
at particle physics laboratories. Some primary cosmic rays can
exceed human-made particle detector energies a million-fold. When
these primary particles interact with nucleons in the atmosphere,
they produce mainly pions and kaons.
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In the collisions, if most of the incoming momentum is transferred
to an atmospheric proton, the following reactions are common:

p+p—p+p+r +71 +a°

p+p—p+n+at +at 41

If most of the momentum is transferred to a neutron, then these
reactions are common:

p+n—p+n+at +a +72°

p+n—p+p+at +at + 1
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The products of such interactions are called “Secondary” particles
or “secondary” cosmic rays. Some of these products, however, are
very short-lived and generally decay into daughter particles before
reaching the earth’s surface. The charged pions, for instance, will
decay into a muon and a neutrino:

T —u + T



Cosmic Ray Muon Detector Experiment
I—What is this experiment about?
LTheory

The products of such interactions are called “Secondary” particles
or “secondary” cosmic rays. Some of these products, however, are
very short-lived and generally decay into daughter particles before
reaching the earth’s surface. The charged pions, for instance, will
decay into a muon and a neutrino:

T —u + T

7r+—>u++yu



Cosmic Ray Muon Detector Experiment
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LTheory

The products of such interactions are called “Secondary” particles
or “secondary” cosmic rays. Some of these products, however, are
very short-lived and generally decay into daughter particles before
reaching the earth’s surface. The charged pions, for instance, will
decay into a muon and a neutrino:

T —u + T

7r+—>u++yu

Although these reactions are not the only possibilities, they are
examples of common reactions that produce secondary particles
and their daughters. Counting all secondary particles detected at
sea level, 70% are muons, 29% are electrons and positrons and 1%
are heavier particles.
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Hardware required for the experiment:

m Counters - Scintillators,photomultiplier tubes and PVC
housing.
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Hardware required for the experiment:

m Counters - Scintillators,photomultiplier tubes and PVC
housing.

BNC signal extension cables.
QuarkNet DAQ data acquisition board.
CAT-5 network cable.

5 VDC power supply.

PDU power cable.

Power distribution unit, PDU.

Power extension cables for PMTs.
USB cable.

Personal Computer.
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Plastic or glass scintillator is mated using optical glue and shaped
fittings to PMTs. The scintillators are covered with reflective
material (aluminum foil works) and then with black paper and tape
to make them "light-tight.” They are hooked up to the DAQ which
feeds into the parallel port of a computer. When a cosmic ray
muon passes through the scintillator, it causes a few photons to be
emitted by impurities in the scintillator material. These are picked
up by the PMTs, converted to an electrical pulse and amplified.
Each PMT sends its signal to the DAQ.



Cosmic Ray Muon Detector Experiment
I—What is this experiment about?
L How it works

Muon Counting Experiment

When counting muons, the DAQ looks for “coincidences” - two
signals (one from each PMT) which are received within a very
short time. These are reported to the computer; all other signals
are vetoed as likely noise from the PMTs. The computer can
count the number of muons that come in over an interval to get a
rate count.
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Muon Counting Experiment

When counting muons, the DAQ looks for “coincidences” - two
signals (one from each PMT) which are received within a very
short time. These are reported to the computer; all other signals
are vetoed as likely noise from the PMTs. The computer can
count the number of muons that come in over an interval to get a
rate count.

Muon Lifetime Experiment

Some muons will be of low energy and will lose that energy in the
scintillator. Such a muon will remain there for a short time until it
decays into an electron and two neutrinos. We cannot detect the
neutrinos, but we can detect the electron as it causes a few more
photons to be emitted by impurities in the scintillator material.
The DAQ measures the time between the “muon signal” and the
“electron signal”. These double hits and their time intervals are
reported to the computer. The data can be fed into a spreadsheet
and analyzed to calculate the lifetime of the muon.
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After running the program, we get a file which is then uploaded to
the fermilab website to get a processed file which tells us about the
Possible decay length.



Cosmic Ray Muon Detector Experiment
I—Analysis

After running the program, we get a file which is then uploaded to
the fermilab website to get a processed file which tells us about the
Possible decay length. From this file we extract the Possible decay

length and make a frequency distribution for the possible decay
length.
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Taking the average:
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File

Edit Format

View Help

reset
set title
set xlabel
set y'\ahe'\

"Muon Decay"
"possible decay Lengh (in microseconds)”

Pr ohalﬂ i

m=2;
echy e o (+a°‘exp( x/m)
fit decay(x) "4.dat” using 1:2:
plot de(ay(x) 4 dat” using 1: 2 3 w yerrorhars
set termin: '\

Set output outputl?.png"
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Muon Decay

014 . i i . . . : . .
decay(x) ——
012 | "4 dat"using 1:2.3 —+— |

008 { _

006 } .

004 | ]

002 ¢
R e S et ot

0l i '|ii‘=|‘|" LT LT [EEE i

Frobability

-0.02 _

-0.04 . . . . . . . . .
0 10 20 30 40 50 60 70 80 90 100

Possible decay Lengh (in microseconds)




For fitting the curve we use the function :

decay(x) = C + Ae~
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For fitting the curve we use the function :
decay(x) = C + Ae =

After fitting the parameters we get:
T = 2.16853 +/- 0.1771 (8.168%)

A = 0.166771 +/- 0.01875 (11.24%)

C = 0.00556742 +/- 0.0003015 (5.415%)
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For fitting the curve we use the function :
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For fitting the curve we use the function :
decay(x) = C + Ae =

After fitting the parameters we get:
T = 2.55366 +/- 0.8498 (33.28%)

A = 40.7394 +/- 14.38 (35.31%)

C = 8.96301 +/- 0.4858 (5.42%)
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