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Outline

2

1.  Simulation of beam delivery.

2.  Simulation of the g-2 ring.

3.  Tracker Software.

4.  Calorimeter Software.

g-2

mu2e 1.  Examples of software in use.

Just a flavour of the enormous amount of studies taking place.
Impossible to do justice to the huge amount of work.
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Muon Campus Simulation.
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8.89 GeV p beam 
impacts the 
target

3.1 GeV 
secondaries (π, 
μ, p) travel along 
M2 & M3

Protons separate 
and are removed

After a few turns all 
π+ convert to μ+

μ+ are extracted from 
the ring and 
transferred into the 
storage ring via M4, 
M5

μ+ enter the g-2 
storage ring
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Simulation of the M2M3 Beamline.
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Simulation of the Delivery Ring.
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Muon distribution at end of M5.
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For commissioning run the delivery
ring simulation can be omitted.
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Beam Dynamics.
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Muon Capture Studies.
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Muon capture by 
inflector tuning.
Best efficiency ~2%

Muon capture studies by 
kicker adjustments.
Best efficiency ~2%
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Studies of quadrupole tuning.
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Beam Properties after 300 turns.
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Researchers funded by MUSE contributed
and have become experts at running the
ring simulation code.
Importantly they added the possibility to
simulate muons with a non-zero Electric 
Dipole Moment.
Crucial for the EDM analysis.
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Simulation of Tracker and Calo.
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Positrons from muon decays are tracked and the response of the 3 trackers and
24 calorimeters modelled.
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Tracker Simulation Example.
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Tracker Software.
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Track Finding.
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Distribution of tracker hits before 
“time island” grouping.

Distribution of tracker hits after 
“time island” grouping.

After “time island” grouping
stage there is usually just one
track in the Straw Tracker.
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Track Fitting.

15



Barry King – MUSE MTM – 11 May 2017 

Track Fitting.
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• Physics goal 1: measure the muon beam profile 
at multiple locations around the ring, as a 
function of time throughout the muon fill

• Physics goal 2: reduce several important 
systematic uncertainties associated with the g-2 
measurement

• Physics goal 3: identify 

any tilt in the muon 

precession plane away 

from vertical – indicative 

of muon EDM
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Track Fitting.
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Reduction of systematic errors associated with the trackers

: 

Goal 1

Goal 2

Goal 3
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Track Fitting.
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Use hit times and t0 estimate to get drift circles.



Barry King – MUSE MTM – 11 May 2017 

Kalman filter.

19

Major challenge is the varying magnetic field in the tracker region.
Doesn’t just vary vertically, but has a varying radial component.



• Track can be fitted between 
the reconstructed hit points 
using e.g. Kalman Filter

• Track can then be 
extrapolated back to the muon 
decay point to reconstruct the 
muon momentum and position

Beam

Muon 
decay 
point

Extrapolate from 
fitted track to decay 

point

Calorimeter

Fit track between 
tracker hits

Obtain best estimate of track    
parameters at first module 
position (1/p, x, y, dx/dz , dy/dz)

Determination of muon decay point.

Extrapolate forwards 
to calorimeter
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Determination of muon decay point.
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• Using Runge-Kutta
track extrapolation 
algorithm.

• Lookup the magnetic 
field at each step, and 
predict the position and 
momentum of the 
particle at the next step

• Stop extrapolating 
when the track 
momentum is 
tangential to the magic 
radius
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Determination of muon decay point.
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Calorimeter Showers.
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Overview of g-2 framework (calo)
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Calo software overview.
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• Transform digitized detector waveforms into reconstructed 

decay events

– pulse finding: pulse island -> pulse area [ADC counts] & time

– calibration: pulse area -> pulse photoelectrons 

– clustering: pulse collection -> decay event energy, time, position

e+ impact (E,t)
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Calo software overview.
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• Transform digitized detector waveforms into reconstructed 

decay events

– pulse finding: pulse island -> pulse area [ADC counts] & time

– calibration: pulse area -> pulse photoelectrons 

– clustering: pulse collection -> decay event energy, time, position
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Calo software overview.
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Calo software overview.
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Calo software overview.

29



Barry King – MUSE MTM – 11 May 2017 

Cluster position reconstruction.
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Cluster position reconstruction.
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Cluster position reconstruction.
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Mu2e Software Status.
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Mu2e Software Status.
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Mu2e Software Status.
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Mu2e Software Status.
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Summary.
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An enormous amount of work has gone into preparing the g-2 software chain ready for the
start of the experiment.
Beam simulations are fully implemented and being used to study beam dynamics.

Detailed Simulations of all detector components are in place and reconstruction algorithms
have been developed.

MUSE funded researchers have played a major role in all of this:

- implementation of the EDM into the beam simulation.
- development of simulation/reconstruction code for the trackers.
- implementation of the Runge-Kutta extrapolation code to determine muon decay points.
- general development and de-bugging of the software chain.

Development of the software for Mu2e is ongoing.
- used to estimate the expected radiation dose in critical component design.
- used to estimate background to genuine conversion electrons and to develop a 

background suppression algorithm.
- used to develop track reconstruction in the straw tracker.
- used to simulate expected response of test beam calorimeter prototypes. 


