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What is MAMMA? 

• MAMMA = Muon Atlas 
MicroMegas Activity 

 

• Upgrade for the ATLAS 
forward muon system using 
MicroMegas technology 

 

• Small wheels are currently 
CSCs (1.2 x 1.2 m2) and 
MDTs (2.4 x 1.2 m2) 

 

• Large area coverage, 
hadron background 
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Introducing resistive strips µMs 

• Why? To neutralize sparks in environments with heavily ionizing 
radiation and hadron background 

• How? The readout plane (1D strips) is covered with an insulating layer 
and topped with grounded resistive strips matching the readout pattern 

• Strip resistivity  M/cm 

• Ground resistor  10 M 

• Signals read out through capacitive coupling between resistive and 
readout strips 
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The test beam setup – July 2010 

120 GeV pions – H6 beam line – CERN North Area 
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Gain homogeneity: what & how? 
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• Study the gain uniformity channel by channel 

• Use the event maximum charge strip 

• Gain from Landau fit over charge distribution 

• R12      pitch 250 µm      45 M + 5 M/cm      Ar:CO2 85:15      gain  2104 



Gain homogeneity: results 
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Gain  8.4103 

Gain  2104 
Runs taken under same conditions are 

compatible within error  it makes 
sense to combine the statistics 

There is a pattern, which is 
independent from the gas gain  
specific to chamber + electronics 



Combining the statistics… 
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Gain  8.4103 

Gain  2104 

10 strips 

10 strips 

Pillar diameter = 300 µm  23 strips 

Pillar pitch = 2.5 mm  10 strips 

Pillar effect on gain, can be compared 
to efficiency scatter plots… 



…& taking a look at the efficiency 
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Gain  8.4103 

Gain  2104 Beam tracks reconstructed in BAT and 
extrapolated to µM 

Structure emerging from inefficient 
events matches the gain plot pattern 



Portrait of a µM: gain homogeneity 
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Gain  8.4103 

Gain  2104 2D gain map can be obtained using 
BAT information 



Gain: close to and far from pillars 

Sat, 3 Sep 2011 
Kobe, Japan 

Marco Villa - CERN     
8th RD51 CM - WG2 

12 

Gain  8.4103 

Gain  2104 
Selecting hits located in narrow bands 

around the pillars the gain 
variation is very pronounced 

In between the pillars good gain 
uniformity is achieved (Channel 32 

is an exception) 
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Data analysis procedure 

• µM/BAT raw data to ROOT file conversion 

• Data streams synchronization 

• Beam tracks reconstruction (BAT) 

• µM hi/low gain channel selection 

• Charge clustering & bad channels correction 

• Center of gravity & impact point estimation 

• Detector rotation compensation 

• Event selection 

• Space resolution and efficiency studies 
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Building clusters 
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• Many different run conditions 

• Totally & partially dead channels 

 need for a flexible algorithm 

• Agglomerative hierarchical 
clustering (dynamically adaptive) 

• 0–step clusters generated from 
neighboring firing strips 

• Super–clusters built through 2–
validated iterative cluster merging 

• Bad channels recovery 



Estimating the impact point 
• Impact point  = symmetry point 

of the analog Q–distrib. 

• Center of gravity N = symmetry 
point of the discretized Q–distrib. 

 

 

• Discretization process due to 
segmented readout destroys the 
analog Q–distrib. symmetry, 
introducing a systematic error 

• N   

•  can be reconstructed from N 
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Correcting for the µM rotation 
 

• µM rotation around beam axis 

• Residual distribution deviates 
from gaussian shape (flat top) 

• Space resolution is worsened 

• µM rotation can be reduced by 
careful alignment, but can’t be 
completely removed 

• Easy to correct offline with a 
linear regression on the residual 
vs. y–coordinate scatter plot 

• Rotation correction gives µM 
alignment for free 
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Extracting the space resolution 

 

• Tracks reconstructed in the 
silicon beam tracker are 
extrapolated to the µM plane 

• Closest cluster in µM is found 

• –rays are excluded by cutting on 
the cluster size 

• Space residual is computed 

•  = (44.3 ± 0.7) µm using R12 
Ar:CO2 85:15 gain ~ 2104 

•  from track reconstruction & 
multiple scattering ~ 25 µm 

• (µM) ~ 37 µm 
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Comparing the efficiency 

 

• Standard µMs show low 
efficiency in hadron beams 

• The efficiency decreases when 
increasing either the particle rate 
or the gas gain 

• The inefficiencies are uniformly 
distributed over the active area 

• Inefficiencies are due to sparks, 
which make the detector blind 

• Resistive µMs have an efficiency 
close to 100% over a wide gas gain 
window 
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Conclusions & outlooks 

A spark protection scheme for µMs based on 
grounded resistive strips has been tested 

The gain homogeneity has been studied 

Space resolution ~ 37 µm has been achieved 
with 250 µm strip pitch 

Efficiency in hadron beams close to 100% has 
been observed over a wide gas gain window 

Continue the efficiencies studies with different 
gas mixtures and different particles (muons) 
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Thank you! 
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