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⚫ New charged LFV search at J-PARC, COMET experiment.

⚫ Straw tube tracker

⚫ Readout board, ROESTI

⚫ Evaluation of ROESTI

 We realized the performance of ROESTI satisfied our

requirements.

⚫ Daisy chain test with many boards.

⚫ Fixing other requirements like radiation

tolerance.

⚫ Design of production version of ROESTI

Summary Future work

Lepton Flavor Violation (LFV)
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Experimentally verified

=> neutrino oscillation

Never observed yet !!
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• Signal : 

Mono-energetic electron 

Ee = 105 MeV

• Coherent Process

Standard Model (SM) + n mass:  
Branching ratio (BR) ~ )54(−O

Impossible to observe… 

Discovery of charged LFV 

indicates beyond SM

Beyond SM: 
BR ~ )16()13( −−− OO Possible to observe

COMET experiment

Present best limit  : BR < 
13107 − (SINDRUM-II) [1]

(COherent Muon to Electron Transition)  [2]

• High-intensity pulsed beam at J-PARC

• Special muon transport with long line

using super conducting magnet

• High momentum resolution detectors

Goal sensitivity : ~ 10-17

Straw tube tracker

improve by a factor of 10000 to current limit!

• High momentum resolution : 

<200keV/c@105MeV/c

• Operation in magnetic field of 1 T

• High rate capability :

5x109 m/s at muon target

Requirements for detector

Straw tube tracker
Reduce multiple scattering effect strongly.

Parameter Specifications

Straw tube diameter 9.75 mm

Straw tube thickness < 20 mm

Number of channels 2400 ch

Position resolution ~100 mm

Drift velocity (Ar:C2H6=50:50) 4.8 cm/ms

Expected minimum charge -16fC

front-end boards

signal lines

HV lines

gas inlet

gas outlet

gas manifold

*Current values. Optimization of straw tracker is ongoing in parallel. 

Some parameters may change to a minor extent.

A special readout system suited for the straw tube tracker is indispensable.

time resolution               : < 1 ns Posi. res. of Straw tracker ~100um

Gain                                 : ~1V/pC S/N > 5 for min. input charge 16 fC

Channel number             : > 16ch straw ch > 2000ch

High intensity, Compact, Operational in high radiation, B-filed

Pattern correction

Concepts

Wave form digitizer was adopted.

• Pileup identification in off-line analysis.

• Good timing resolution with high-speed sampling.

Amplification
- High-speed sampling

- low power consumption

CH# (feed-through) 

reduction

Front-end WFD FPGA Ethernet

Block diagram

I-V conversion

Pulse shaping
Pulse sampling Data suppression Data transfer

Signal

Calibration & performance evaluation

ASD developed for 

Bell-II CDC[3] was

adopted.

Switched capacitor array 

(SCA) developed for MEG 

in PSI[4] was adopted.

SiTCP [5] is implemented in FPGA. 

2 connectors are put on the board to

realize daisy chain.

Performance evaluation
Setup

ROESTI
Function 

Generator
PC

input

ext. trig.Block pulse

Introduction

Requirements

ROESTI

Summary & Future Work

Parameter Requirements Measurement

Gain 1 V/pC ~1V/pC

S/N @ 16fC 5 5.6

Timing 

resolution

1 ns <0.6ns

Fundamental performance was evaluated

using test pulse. Difference between before

and after corrections was also compared.

Layout of straw tracker plane

Read-Out Electronics for Straw Tube Instrument

18.5cm

To PC
From

other 

board

Signal from straw tracker

Example of daisy chain

Schematic view of daisy chain

ROESTI

ASD

• Gain = 1V/pC

DRS4

• 1024 switched

capacitor array

• 1GSPS

ADC

• 12bit, 33.3MSPS

FPGA

• Artix-7(XC7A200T)

SFP connector

• 1Gbps

• Daisy chain
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Capacitor specification and limitation of chip process make pedestal and fluctuation of equidistant time bin, 

respectively. To correct these effects, the function of test pulse input with FPGA was implemented in ROESTI 

and the scheme using the test pulse was constructed.

Using baseline information,

each pedestal for capacitor

was corrected.

Timing correction

ASD test inFPGA

Sine-like waveform can be

obtained using the

implemented function in which

the frequency (F) and width (W)

of waveform can be selected.

Two types of algorithms were adopted

and iteratively used for the correction.

Each shift is corrected

by fitting in local region.
Each cycle is corrected

by using known period.

Example of test pulse

(F=16.6MHz, W=30ns)

Timing resolutionNoise Gain/Linearity

Before pattern correction

After pattern correction

Before timing correction

After timing correction

s=noise s <0.6 nsS/N~5.6

@16 fC
~ 1 V/pC

Connection speed

Connection speed between

ROESTI and PC was

investigated.

Test of daisy chain was 

also performed and we

confirmed the function

worked well.

We confirmed performance of ROESTI 

satisfied our requirements.


