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      Full Area Pulse Height and Efficiency @ 600V for the etain Layer

● High pulse height on whole active area
● Differences between readout PCBs visible 
● Central white area: low statistics due to
 trigger problem 

The steadily increasing luminosity of LHC requires an upgrade to high rate capability and high resolution capable detector technologies for the innermost station of 
the muon spectrometer of the ATLAS experiment. For precision tracking 4 types of 2 and 3 m2  large micromegas quadruplets will provide 8 consecutive active
layers, each with 100 µm spatial resolution per individual plane.  
Data taken at the 120 GeV SPS muon and pion beam in August 2017 on one 2 m2  quadruplet prototype(SM2 built by the German consortium), show spatial
resolutions of 80 µm for perpendicular particle incident using charge weighted position reconstruction. An analysis using additional drift-time information gives
similar good resolution also for inclined tracks.
The full active area of the SM2 prototype quadruplet has been calibrated in the Munich Cosmic Ray Facility. A segmentation of the active area into 55x100 mm2 
partitions enabled a detailed full area analysis of local detector properties, as geometrical quality, efficiency and pulse height. 

Performance and Calibration of a 2m2 
SM2 Micromegas Detector for the 

ATLAS Muon Spectrometer Upgrade

                               SM2 Prototype @ H8 Testbeam

Spatial resolution with the micro-TPC method for non perpendicular
tracks

         Pulse Height and Efficiency vs              for full Layers

    Spatial Resolution Using Charge Weighted Position Reconstruction

● Excellent resolution for perpendicular tracks
 for both eta layers: 80 μm
● Resolution independent of amplification voltage

● Dependence of spatial resolution on
 incident angle as expected
 Very similar to small micromegas

● Start with charge weighted position
● Determine drift time for each strip
● Calculate the charge weighted drift time
   use the charge weighted drift time as a correction:
   pos = poschargeweight + fcorrection(charge weighted drift time)
●  double gaussian fit to pos - posreference  => core and weighted spatial resolution

●  1024 strips per layer, 4 layers, 4096 channels in total, 32 APVs read out by 2 FEC cards
●  2D reference tracking:  3 GEMs and 2 TMMs 
  24 APVs readout by 2 FEC cards

●  Read out frequency: 220 Hz      
●  Acquisition of 25 ns time jitter via TDC (VME)

                    Pulse Height and Efficiency vs               at a fixed position in
all layers 

                       The LMU Munich Cosmic Ray Facility (CRF)

● Two Monitored Drift Tube (MDT) chambers ( active area 9 m2 ) for reference tracking
● Two scintillator trigger hodoscopes for add. segmentation (100 mm) along the RO strips
● Angular acceptance between -30○ and +30○,   cut on E

μ
 > 600 MeV by iron absorber

● 12288 strips connected to 96 APVs and 6 FEC cards  ( readout speed 150 Hz ) 
●  Segmentation in precision direction in units of APVs   ( 128 strips = 54.4 mm )
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● Expected exponential rise of pulse height 
 with amplification voltage

● Differences between layers possibly due to 
 imperfections at the first panels

● µ beam spot: ≈ 100 x 100 mm2 
● Efficiency plateau reached around 580 V
● Worse efficiency for etaout possibly due

 to interrupted readout strips

● Efficiency: = 1 hit within 5 mm from reference
 track
 hit within 5 mm of prediction by reference track 

● Most of the active area: ε > 90%
● Decreasing efficiency at the very boarders 
 expected due to rectangular segmentation

● Similar amplification on large area for 
 all 4 layers.

● Differences due to different readout pcb 
 quality

● High large area efficiency at 590 V
● Best efficiency at etain due to improved 

 anode pcb quality

       Precision Calibration of PCB Shifts and Pitch Errors is Possible

● Residual mean as function of precision coord.
● Misaligned electronic adapter board
● Pitch Error in the order of 100 nm 

● Shifts between PCBs clearly visible
● Step of 1/2 pitch at 180 mm not yet
 understood
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