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MECO

µ/p ~ 10-4  vs  conventional ~10-8
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Mu2e Muon Beamline- follows MECO design
                               more information at http://mu2e.fnal.gov

Muons are collected, transported, and
 detected in solenoidal magnets
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Muon Beamline Muon Beamline RequirementsRequirements
• Deliver high flux µ− beam to stopping  target

• high proton flux 2 x 1013 /sec
•~5 x 1010 Hz µ− , 1018 total, 4 conversion e− at Rµe~10-16

• Pulsed beam - Wait for background particles from proton
beam hitting target to subside, then look for conversion e-

Other Mu2e talks at this workshop: Doug Glenzinski- Mu2e project,
Mike Sypher’s talk on Accelerator issues, Eric Prebys’ talk on Proton Extinction

τµ(Al)=864 ns
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Muon Beamline Muon Beamline Requirements (continued)Requirements (continued)
•Muon properties

• low energies
• stop max # muons in thin target
• backgrounds

• small beam spot to minimize target radius

• Background particles from beamline must be minimized
- a major force driving design of the muon beamline

• especially ~105 MeV e−
•Radiative pion capture in stopping target
•Decays with late arriving electrons
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Proton beam    p =8.9  GeV
Target r=3mm L= 16cm  Au
Inner bore, r= 25 cm through Cu/W
shield
Cryostat r~ 1.2m
Field varies from 2.5 to 5 T
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MECO beam power 50kW
(Mu2e ~2x less)

Target   7 kW

Shield 16 kW
both water-cooled

Superconducting Coils
Local Maximum Instantaneous Power  = 21 uW/gm
Maximum Total Power ~ 60 W
Maximum Dose any coil ~30 MRad

Absorber thickness at target of 45 cm W/Cu

MECO HEAT/RADIATION
PRODUCTION SOLENOID
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Stopped Muon Yield vs Initial Pion Kinetic Energy
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~60% from 20-60 MeV kinetic energy 
or p = 77- 143 MeV

Stopped Muon Yield vs Initial Pion Angle
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Pion Production- what energies and angles are important?
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π -  Production-  a work in progress

• HARP data

-Mu2e fit

-FANCY data*
Striganov fit

•Pion yield was measured by FANCY spectrometer at KEK 
 for p Al at 3 GeV/c and p Al, p Pb at 4 GeV/c
 Phys. Lett B B159;1,1985
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Study of Pion Production Data Used by MECO
10 GeV p + Ta -> π− + X    Thin Ta plates (1mm) in a bubble chamber
D. Artmutliski et al., Sov. J. Nucl. Phys. 48, 161 (1988), Prep. JINR P1-91-191 (1991).

Original paper MECO 
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Production comparison
Pion KE= 20-40 MeV
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Production comparison
Pion KE= 40-60 MeV
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Goals:
—Transport low energy
µ- to the detector solenoid
—Minimize transport of positive particles
 and high energy particles
—Minimize transport of neutral particles -
curved section
—Absorb antiprotons in a thin window
—Minimize particles with long transit time

Transport SolenoidTransport Solenoid

B=2.5T

B=2.0 T

Inner radius=25 cm
Length=13.11 m
TS1: L=1 m
TS2: R=2.9 m
TS3: L=2 m
TS4: R=2.9 m
TS5: L=1 m

B=2.4T

B=2.1T

B=2.4T

B=2.1 T
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For a given pitch, D depends linearly onFor a given pitch, D depends linearly on momemtum momemtum

pitch = 1
 p= 20,40,60,80,100,120 MeV
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As the pitch goes to zero, D becomes largeAs the pitch goes to zero, D becomes large

p = 50 MeV
 pitch= 1, .75, .50, .25

Slow-advancing particles (small pitch) get swept awaySlow-advancing particles (small pitch) get swept away
dBsdBs//ds ds <0 can be relaxed<0 can be relaxed
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Mu2e G4beamline Model

o Solenoids and Magnetic Field
o Proton Beam
o Production Target
o Production Solenoid Shielding
o Collimators in the Transport Solenoid
o Stopping Target
o Tracker (for show )
o Calorimeter (for show)

Mu2e Muon Beamline Simulation by Mike Martens 9/08
Thanks to Tom Roberts for much support on G4beamline
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Sampling of MECO simulations
• stopped muon / proton  = 0.0022-.0025
• “Mirror” is 30%  of muon yield
• PS r= 20-25-30 cm → 96-99.5-100%
• TS r=15-10 cm → 100-56%
• Field max 5-4.5-4.0T → 100-94-89%
• Water cooled target vs radiative <5%
• Proton beam angle  170 +/- 5 deg. → few %
• Target radius 3-6mm → 100-65%
• Target L 12-16-20 cm ~ same
• Insensitive to small variation in target z

numbers in blue are design values
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Some Checks on Muon Yield
MECO G4beamline

Stopped muon yield per
proton incident

0.0022-0.0025 0.0022

PS mirror removed ~0.7 0.79
PS bore  radius
30 cm  to 20 cm

0.96 0.98

Proton beam angle
12 - > 5 deg

0.98 0.98

Target radius  3 mm->
6mm

0.65 0.64

Target L= 16 to 12 cm 0.91 0.92
Target L=16 to 20 0.99 0.96
Target z position in PS See next plot
PS max field See next plot
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Target z position
Study muon yield vs target position in Production Solenoid
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Muon Yield vs Bmax Production Solenoid
Graded Field Bmin =2.5 T
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Pe~3.5 MeV, Pmu~40 MeV

e-

µ -

Momentum (MeV/c)

e- /µ - flux at stopping target
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Time distribution at stopping target

Time (ns)

e-

µ -

Detector Live starting here
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Probability of π−  reaching stopping target per proton

MECO
Pπ (reaching stopping
target)= 3 x 10-7

Pπ(>700ns)= 4 x 10-18

G4beamline

Pπ (reaching stopping
target)= 4 x 10-7

Pπ(>700ns)= 10 x 10-18
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Consider a Reduced Length Production Solenoid   (~5m to ~3.5m)

Coil   9         8        7         6        5         4         3         2                 1

Fig 4 Comparison of Bz for standard and shorter production 
solenoids
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Stopped Muon Yield with Reduced Length Production Solenoid

The number of muons stopping in the stopping target is given below for the standard
MECO production solenoid and the shorter version for 1E6 incident protons.

QGSP Armul. et al/MECO HARP fit
MECO standard PS 3122 2250 1280
MECO-shorter PS 2126 1770 970
% loss 32 21 24

Increasing Bmax from 4T to 5T in the shorter version, results in a 13% loss (HARP fit)   
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Benefits of Shortening Production
Solenoid

• Lower Cost
• Reduced number of coils
• Reduced amount of superconductor/stabilizer
• Less stored energy
• More coil temp margin (indirect cooling possible)
• “2 coil” more like Detector Solenoid: might be easier to

spec to vendors

M. Lamm slide
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Transport Solenoid Study Issues

• Simplify # of coil types by relaxing field specs?
• Review gradient requirements, late particles

• Do we need corrector coils?
• How do we run positives? (rotate collimator/polarity)
• Revisit TSu/TSd interface, pbar window warm section
• Coil Fabrication Technology
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Brief Summary of Fermilab Technical
Division Solenoid Studies

• Debriefing and CDR update from General Atomics- contractor for
MECO solenoids design

• US/Japan Agreement-Goal to develop technology for Aluminum
Stabilized NbTi conductor for Production Solenoid

• Production Solenoid Studies
– Cost/Performance/Reliabilty/Ease of construction/Temperature

margin/Quench & mechanical analysis
– Shorter Version with 2-coils vs MECO

• Transport Solenoid- alignment tolerance studies
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Summary
• Reproduced many MECO results

• Production Solenoid studied in detail
– HARP data important, working to incorporate
–  A reduced length PS (à la COMET) attractive

• Transport Solenoid studies starting

• Fermilab Technical Division has made much progress on
magnets
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Backup Slides
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Average Power Dissipated in PS coils
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MECO target optimization
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FANCY fit

• Pion yield was measured by FANCY
spectrometer at KEK  for p Al at 3
GeV/c and p Al, p Pb at 4 GeV/c.

•  Pion kinetic energies were from 100
to 850 MeV, angles - from 36 to 90
degrees.

• Each data set has been fitted by two-
fireball model

     (6 parameters, with clear A-
dependence of each fireball)
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MARS - dash-dotted lines
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25-50-75-100 MeV momentum pion  to muon at stopping target vs angle
KE~2,9,19,32 MeV
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Solenoid Field SpecsSolenoid Field Specs

T

T/m

m

m

PS

TS
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MECO-doc-
167-v1
2001
5T-2T PS
Similar L

Stopping Tgt
P dependence

And 0.90 for PS
4.5T to 2T
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Time distribution of µ−  reaching stopping target

MECO solid line t avg= 250 ns
Short Solenoid shaded t = 220 ns
Short with 5T dashed line t= 210 ns



R. Coleman Fermilab   NuFact09 44

Transport Solenoid Collimator Dimensions
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Muon Flux 
Exiting PS and Entering Detector

P (MeV/c)

106 protons incident
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Background Table from Mu2e Proposal


