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Straw-Tube Tracker 
for the COMET Experiment

This “measured spatial resolution” mainly includes two sources of resolution degradation:
 
 

⇒ Evaluated the contributions of these effect
     with ICEDUST.

Performance Studies

Quality Check of the ROESTIs
Dynamic range Time resolution

violates the conservation of individual lepton

COMET Experiment
CO herent  M uon to E lectron T ransition

◆ @ J-PARC accelerator, Hadron experimental hall.
◆ Apply high intensity pulse muon beam ( COMET beamline ).
◆ Experiment will be conducted in Phase-I & II 

COMET ( Al target)
Single Event Sensitivity

Phase-I 10⁻¹⁵ 
Phase-II 10⁻¹⁷ 

7×10⁻¹³
【Previous experiment 】

 SINDRUM II [2] (Au target)

COMET aims for 10,000 times 
better sensitivity to 
the μ-e conversion
than SINDRUM II.

The Main Mission : Search for the µ-e conversion.
                                   ( charged Lepton Flavour Violation process. )

Straw-Tube
Tracker

Muon
Stopping Target

Pion Production Target

Muon Transport Solenoid

Proton Beam

violates the conservation of individual lepton

Muon to Electron Conversion

Standard Model (SM)

μ-e conversion

SM：Prohibited !
BSM : The branching ratio rise up to ～ O(10⁻¹⁵)

Violates the conservation of lepton flavor

Beyond the Standard 
Model (BSM)
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of electrons from Al target. [1]
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Calibration and QC of all ROESTI for the 1st and 2nd have been completed.
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A muon captured by an atom will decay into …

Straw Tube Tracker

Chamber gas
Ar : C₂H₆ (50:50)

Anode wire

Aluminized
miler tube

1
0

 m
m

◆ Obtain energy & time information by
      Electromagnetic CALorimeter ( ECAL )

→ Momentum measurement. : Resolution ( < 200 keV/c ) @105 MeV/c 

→ Trigger & Energy measurement

◆ Detect the track of charged particle in spiral motion due to magnetic field ( ∼ 1 T ) 

→ The detector for momentum measurement.

Phase-I  : Beam Measurement.
Phase-II : Search for µ-e conversion. 

Mission

ECAL
(trigger)

Straw Tube
Tracker

Vacuum &
Magnetic

field
4 layers/station

( 120 straws/layer )

Tracking
the trajectory

Consists of 5 stations Front-end circuit
( ROESTI ) x 30

★ Low-material design.
★ Suppression of Multiple scattering.
★ High momentum resolution!
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Anode wires 
installation.

ROESTI
installation.

Data taking test.

Construction of the Stations

Construction of the 1st - 4th stations have been completed.
⇒ Successful signal acquisition with ROESTI has been achieved for the 1st and 2nd stations.

•  Improve the spatial-resolution evaluation through collimator position calibration
and iterative XT calibration. The position dependence and breakdown of the 

    resolution as well.
 

•  Operate the 1st and 2nd Stations in a stacked configuration. 
 

•  Perform cosmic-ray tracking and evaluate the spatial resolution, alignment, 
    and overall detector performance.

Future Works

Frontend Circuit : ROESTI
R ead  Out  E lectronics  of  S traw  T ube  I nstruments

16 ch
( 16 straws )

・Amplification. 
・Waveform shaping.

signal Data

Waveform sampling.

ASD [3] (Belle-II)
(Amp-shaper 
Discriminator)

Waveform
Digitizer

DAQ PCFPGA Ethernetsignal Artix-7

・Store the waveform data to buffer
and transfer the data with trigger.

・Control the ASD, DRS4  and ADC.

DRS4 [4]
(PSI)

ADC 
AD9637BCPZ-40

(Analog/Digital 
Convertor)
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Spatial Resolution
… A spatial-resolution study was performed using the 1st Station. 

Requirement : < 200 μm 

< Measurement Setup >

・ Chamber gas ： Ar/C₂H₆ ( 50:50 )
・ HV ： 2000 V

➢The collimator was moved horizontally to irradiate the full 
     radial range of the upper-center straw.
 

➢Track reconstruction used the left/right straws in the lower   
     layer and the “collimator position”.
 

➢The reconstructed tracks were then used to evaluate 
     the “spatial resolution” of the upper-center straw.

(ns)

(m
V

)

Fig. A: A signal obtained with the 1st Station.  

< Results >

σmeas. ~ 460 μm

XT-plot Residual
Projection Y [ X=2.40, 2.50 ]
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… This “measured spatial resolution” mainly includes two sources of resolution degradation:
     ⇒ Evaluated the contributions of these effect with Geant4 based simulation toll “ICEDUST”.

■ Multiple Coulomb scattering ⇒ ( Simulated value : σMS ~ 256 μm)

■ Tracking resolution arising from the finite collimator aperture ⇒ ( Simulated value : σMS ~ 311 μm)

…The measured spatial resolution is consistent after accounting 
for multiple scattering and tracking resolution.

 

< Ongoing Works >
◆ Further improvement is expected through “collimator position calibration” and “iterative XT calibration”.
◆ The position dependence and breakdown of the resolution.

1st Station
 

… Improve the spatial-resolution evaluation through analysis updates.
 

1st + 2nd Stations
 

… Operate the 1st and 2nd Stations in a stacked configuration. 
    ⇒ Perform cosmic-ray tracking and evaluate the spatial resolution, 
         alignment, and overall detector performance.
         Preparation of the analysis tools are underway with simulation.

Muon
( 1 GeV )
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