Abstract

The design and construction of a Muon Tomogray
station is presented. Muon Tomography (MT), based ¢
scattering of cosmic ray muons, is an improvement ta
the actual portal monitors at borders, since the current
techniques use regular radiation detection that are not
very sensitive to nuclear contraband (U, Pu) if these
materials are well shielded to absorb emanating
radiation. We propose to use low mass, high spatial
resolution (=50 um) large area Gas Electron Multiplier
(GEM) detectors for the tracking of the cosmic muons
MT to overcome the intrinsic limitations. The prototype
MT station employs 6 tracking stations based on 30 cm
X 30 cm triple-GEM detectors with 2D readout. The
detectors are arranged into tracking superlayers at the
top and bottom of the probed volume. Due to the
excellent spatial resolution of GEMs it is sufficient to use
a gap of only a few cm between tracking stations. We
present details of the production and assembly of the
GEM-based tracking stations in collaboration with CERN
and the RD51 collaboration as well as the design of the
corresponding front-end electronics and readout
system. Discussion about GEM detectors in two sides of
the probed volume for a complete muon tracking, and
building a large-area (Im X 1m) GEM-based MT station
prototype to be tested under realistic conditions for
vehicle or container scanning are made.
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Fig. 2. Simulated cargo van scenario with Al, Fe, W, U, Pu targets
(left). Mean angle reconstruction with POCA (right).

High Voltage Test of GEM Folls

Fig. 3. GEM foil under HV test in an air-tight Plexiglas box under
Nitrogen at GDD-CERN lab.

GEM Detector Assembly
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Fig. 5. Triple-GEM detector (30cm X 30cm), x-y strip readout, with
HV board connected.
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Fig. 6. High voltage circuit., the electronic diagram updated by

TERA foundation group from COMPASS experiment design.

Initial Readout Electronics
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Fig.7. Gassiplex front-end fully connected and operational.
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Fig. 8. VME readout crate, the sequencer card is at the left (left).

Two 5cm X 5cm scintillators with the PMTs for the trigger (right).

GEM Detector Commissioning
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Fig. 9. Energy spectrum obtained with Cu X-rays, showing a ~
20% energy resolution (FWHM) for 8 keV X-ray (blue). Cosmics
ray muon pulse height distribution (red).

GEM Detectors Performance
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Fig.10. Gas gain of one of the triple GEM detectors in ArCO2
70:30, obtained with GDD-CERN’s electronics.
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Fig.11. X-rays count rate plateau (vertical strips were measured
with lower discriminator threshold than horizontal strips).
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Fig.12. Charge sharing x - y strips for increasing HV with 40 kHz
Cu X-rays.

First MT Prototype Station

Fig. 13. First MT prototype station with 4 GEM detectors and a
3cm x 3cm x 3cm SIZE lead target in the center.

First Muon Events
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Fig. 14. Cosmic ray muon raw event recorded on x-strips (top)
and y-strips (bottom). Note that pedestals are not subtracted.

Large Area GEM Detector
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