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Importance of the Muon Detection

Some important decay channels:
• SM Z and W± decay to μ
• Z’ -> μ+μ-

• W’± -> μ±ν
• H -> ZZ -> μ+μ- μ+μ-

2

To find new physics we need high muon detection 
efficiency and precise momentum measurements 
(10% PT resolution for 1 TeV muon)  at the TeV
scale because many new physics decays to muons. 

The muon spectrometer surrounds the entire 
detector since muons are the only charged 
particles that penetrate through the entire 
detector. 

The goal of the ATLAS muon detector is to measure a 
muon’s sagitta within 50 microns for 1 TeV muon
(corresponds to a 10% PT resolution).

There are 3 main parts of the Muon Spectrometer:
• Trigger System
• 10 Toroid 2T magnets
• Multiple layers of precision measurement chambers.



Importance of the EE Chambers
• EE stands for Endcap Extension

• Range of the EE chambers is 1.0<|η|<1.3.

•Almost all the chambers (52 out of 62) are not 
installed which accounts for terrible efficiency 
where the endcap and barrel meet.

EE Chamber

• The EE Chambers will provide us 
with an extra measurement which 
will help with the detection efficiency 
and momentum measurement.
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Muon Signal and Data Collection

Electronics

DAQ and Analysis

Tubes
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1. The muon ionizes the gas and the electrons     
drift towards the high voltage wire which        
creates a signal used to find the drift time.

2. From the drift time we can only find the           
drift radius. Thus we need multiple tubes to 
reconstruct a track tangent to all the drift radii.

3. The signal from the drift wires goes to front     
end electronics where it is converted to digital 
signal and partially analyzed.

4. The data is then sent to the MROD where it goes 
through higher level triggers and saved if it 
passes all the triggers.

* It’s important to commission the electronics, 
otherwise the DAQ would not receive the raw 
data necessary to make calculations for analysis.



Position Measurements of Muon Hits

T0 Tmax

TDC Distribution
Number of hits vs. Time
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RT Function
Relates drift time 
to drift radius

• In order to know where the muon went through the tube, the drift time is used for a 
RT function. To get the drift time we must subtract T0 from the measured time. 

• The sharp rise is the fastest time the drift wire could send a signal. This time 
corresponds to a muon passing directly through the wire and is called T0. T0 is 
caused by the delay of the signal from the length of the wire and electronics. 
• Tmax is the longest time the electrons could take and corresponds to an 
electron passing right by the tube wall.



Tracking Principles

μ

Long Arm

Sagitta

B

X

X

X
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• To make precise measurements of the 
muon’s PT we calculate the sagitta from our 
three measurement points and the 
geometry of the system. By using 

as well as the geometry of the system, a 
relationship between the sagitta and PT

is found to be 

• To relate the errors between PT  and the sagitta we take the derivative with respect to 
S and then substitute S for the equation above solved for S.

• For a 1TeV muon, ATLAS requires a 10% PT resolution. The sagitta for a 1 TeV muon
can be calculated using the above equations and is 500 microns. Thus the required 
sagitta resolution can be found to be  



Commissioning at Building 191
The commissioning consists of 4 main parts: 

• Gas commissioning (covered in Eric’s talk)

• High voltage testing (covered in this talk)

• Electronics commissioning (covered in this 
talk)

• Alignment commissioning:
• Done by another group 
and will not be covered 
in this talk.
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Electronics

Gas

Front-end Electronics:
• ASD: Amplifier, Shaper, and 
Discriminator.
• CSM: Chamber Service Module.
• AMT: ATLAS Muon TDC

• Analog to digital convertor



High Voltage Commissioning
• The high voltage is kept at 3200 V 
instead of the regular 3080 V for 3 
hours to make sure the wires can 
handle excess voltage.

• The dark current is constantly 
monitored when high voltage is on to 
make sure it is very low.

• High voltage mapping is done to make 
sure the high voltage cables are 
correctly connected.

• High voltage is held at 3080 V for over 
a week to make sure the current does 
not exceed 1 μamp.

• When high voltage is ready we begin 
our long-term electronics tests.

Dark Currents
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Electronics Test
By constantly running electronics tests for 10 days straight we make sure that all the 
electronics can handle higher rates of data acquisition than necessary. Additionally this 
burns in the electronics so they will perform better and more reliably in ATLAS.

• Injection Scan: The Injection Scan measures the readout channel efficiency and cross 
talk between channels on Mezzanine Cards by using its calibration signals. Each 
channel corresponds to a tube.

• Linearity Scan: The Linearity Scan measures the electronics’ timing and its resolution 
by setting a fixed amount of time and testing how well the electronics find it.

• Gain Scan: The Gain Scan checks the electronics ability to measure charge by 
comparing a known signal to a measured width of the same signal.

• Threshold Scan: To account for inherent noise the signal must pass a -50 mV 
threshold to register as originating from a muon. Due to their making, each channel 
has a different offset and must be accounted for.

• Noise Run
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Noise Run

The Noise Run is uses high voltage and  random triggers.

• By using random triggers the chambers are constantly 
collecting data.

• The noise rates are found by dividing the number of hits 
from muons by the gate time multiplied by the trigger 
rate.

• This test can be used to find dead channels since it will 
have 0 hits, as well as very noisy electronics. The Noise 
Run is used for the high voltage mapping.
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Commissioning Results

We have done extensive tests for 6 chambers while we have been here and dealt many 
problems.

• Leaking Tube: the leaking tube set us back a week from finding and fixing it. 
Otherwise the multilayer would not be used.

• Electronics: defective or dead Mezzanine Cards  (high noise rate, Large Cross Talk, 
etc) had to be replaced.

• Hardware: we had to install chords, high voltage splitter boxes, and remove 
thousands of screws that are hard to reach once they are installed in the ATLAS 
Cavern.
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Summary

• Worked on the commissioning test of the ATLAS EE chambers

•These chambers will be installed this winter to help improve the muon detection 
efficiency and momentum measurement for muons with 1.0<|η|<1.3

•Lessons Learned
• Muon detection principle 
•The physics behind how the Muon Drift Tubes work
• The complexity of the entire muon MDT detector: high voltage, low voltage, 
temperature sensors, use of triggers, alignment bars, front-end electronics etc.
• Electronics used in making muon hit position measurements.
• Methods of testing hardware and electronics.
• Skills of finding and solving problems related to the hardware.
• Patience while taking out many frustrating screws.
• Cultural experiences while travelling.
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• Neutralino Search Study

• EE Chamber Commissioning

• EE Chamber Hardware



Neutralino Search Study
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Neutralino Search Study
In Progress

• Distributions can differ with different phase spaces.

• Distributions of the measurable particles will help us to create tight cuts.

• Calculating the maximum mass of multiple particles combined will help make cuts.

• Common SUSY search cuts:
• Large missing transverse energy
• Around 4 jets required
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Commissioning Backup Slides
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Gas System Commissioning
• First we must take the pressure to see 
how much the chambers have leaked in 
storage after more than 2 years.

• The old gas is then exhausted and new 
valve assemblies are installed.

• Once we have tested the valve 
assemblies for leaks we begin the flushing 
with 93% Argon and 7% CO2.

• After one and a half days with about 5 
volume exchanges the initial pressure is 
measured and should be around 3 bars.

• The pressure is then measured every 
week over a month to check for leaks

• Once flushing is done the high voltage 
can be turned on and tested. 21



Injection Scan

The Injection Scan measures the readout channel
efficiency and cross talk between channels on Mezz
cards by using its calibration signals. Each channel
corresponds to a tube.

• The efficiency is found by checking if the channel
has hits when the signal was sent to it.

• When the signal is sent the activity on other
channels is measured to find the cross talk.

• Large cross talk can make one channel register a
hit when it did not and thus ruin the
measurements. Also, with low injection efficiency
the channel may be dead and not register when it is

supposed to, therefore it must be replaced.
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Linearity Scan

The Linearity Scan measures the electronics’
timing  as well its timing resolution.

• A certain time is set and we measure how
well the electronics send a calibration at that
time.

• The time resolution is measured at a fixed
time with multiple measurements.

• Time measurements are very important
because they allow us to reconstruct the track
based upon the RT function and find the PT.
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Threshold Scan

To account for inherent noise the signal
must pass a -50 mV threshold to register
as originating from a muon. Due to their
making, each channel has a different offset 
and must be accounted for.

• The voltage offsets are measured to
make sure they are not too large.

• Since every channel has a different
offset, the pattern of all the offsets create
a finger print for the Mezz Card. This
pattern is compared to a data base and
checked to see if each Mezz Card is where
it should be.

• Since each Mezz Card is different, if one
was in the wrong place all the
measurements would be thrown off.
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Gain Scan
The Gain Scan checks the electronics ability to
measure charge by comparing a known signal 
to a measured signal.

• A known signal is sent from the computer
where the leading and trailing edge is
measured by the electronics.

• The measured results are compared to the
known signal to find the electronics’ precision.
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EE Chamber Hardware

• There are 62 sectors of EE chambers in the Muon
Detection system.

• Two chambers per sector.

• The sector and chambers have 2 multilayers.

• Each multilayer is made of 3 layers of tubes.

Tube Multilayer

Gas
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EE Chamber Hardware

• The alignment bar gives the relative location of the chamber to other chambers using 
lasers. 

• Each tubes has a temperature sensor to help monitor
how the gas pressure and size of the chamber changes
with temperature.

• The lower chamber has magnetic field sensors. 
• These sensors map the B field in the 
Muon Spectrometer.
• The sensors also help give a better PT

measurement. 

Alignment Bar

Laser

Optical Sensor
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EE Chamber Hardware
Muon Drift Tubes (MDT)

Tube Multilayer

Gas

• Each tube has a wire held at 3080 V and a 3 bar pressure of 93% Argon and 7% CO2.
• The gas gain is the lowest gain that fulfills the electronic 
noise and spatial resolution requirements.
• Too much gain results in a lot of noise
and significant ageing affects.

• A signal is created in the wire by the ionized electrons
changing the electric field in the tube.
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EE Chamber Electronics
• The signal from the drift wire goes to the ASD (Amplifier, Shaper, Discriminator) Chip 
on the Mezzanine Card.

•The Mezzanine card processes 24 tubes using 3 ASD chips and a TDC (Time to Digital 
Converter) chip.

•The AMT Chip changes the 
analog signal from the tube into 
a digital signal.

• Each Mezzanine card is surrounded 
by a Faraday Cage and its output 
is sent to a Motherboard.

• Sometimes Mezzanine cards break 
during testing and are replaced.
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• The Motherboard simply sends the information from the Mezzanine Card to a CSM 
(Chamber Service Module) which is mounted on the Motherboard.

• The CSM, via optical cables, receives information from the TTC (trigger, timing, and 
control system) and outputs to the DAQ (data to the data acquisition system).

• The CSM is the junction between the Chamber Read Out system and the DCS 
(Detector Control System) which monitors the temperature, B-field, and voltage of the 
chamber.

• The electronics are equipped with temperature sensors to keep from over 
heating. 

EE Chamber Electronics
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