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Motivation
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✤ An Experiment to Search for “µ-N→e-N” at J-PARC 
✤ Muon-to-Electron Conversion = Lepton Flavour Violation 
✤ Very sensitive to the TeV-scale new physics, BSM 

→ Complementary and Competitive to the LHC

The COMET Experiment
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✤ Signal
✤ Ee=mµ-Bµ ~ 105MeV 
✤ Coherent Process (Zini=Zend)

✤ BGs
✤ Prompt (Beam-related) 
✤ Decay in Orbit (DIO) 
✤ Radiative π/µ-capture 
✤ Decay in Flight (DIF) 
✤ Cosmic-rays
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Need to achieve, at least,                       < 200 keV/c for 100MeV/c e-



✤ Material effect (Multiple Scattering: MS) is Essential 
✤ Need to be made by a very light material 

✤ Gaseous detector is suitable solution, eg. drift chamber 
✤ Need to be operational in vacuum 

✤ Required also by particle transportation

Tracker for COMET
5

Need to achieve, at least,                       
< 200 keV/c for 100MeV/c e-

✤ Solution : Vacuum-compatible  Straw Tracker made by thin film

Not only COMET,
also Mu2e (μ-e conv.),
Muon g-2 Fermilab,
NA62 CERN (K+→π+νν),
etc…
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Straw-Tracker Development



The COMET Straw Tracker
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✤ Planar wire-chamber-base tracker in Vacuum → Straw Tracker
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✤ Five super-layers (module) consist of 4 planes of straw tubes
✤ 2 planes for x-coordinate and 2 planes for y-coordinate, each layers are 

staggered by half a cell to solve the left-right ambiguity.
✤ All tracker modules are installed in vacuum.
✤ Timing(Trigger) is provided by the electromagnetic calorimeter.
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Straw Tube as a Wire Chamber
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✤ Two methods to make a very-thin & gas-tight straw

✤ Doubly-wound type;
✤ Easily obtained in the commercial market.
✤ Limit to achieve an extremely thin wall

✤ Straight-adhesion type;
✤ Big advantage from the view point of material budget
✤ It was difficult to keep a true circle x-section ← Enabled by NA62 

collaboration by ultra-sonic welding technique.

✤ “Doubly-wound” style & “Straight adhesion” style

original idea
doubly-wound

newly employed
straight adhesion

COMET employs 
straight adhesion, and aims 
to achieve  an even thiner 

straw wall
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Achievements to make a thin-wall straw
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✤ Developed “COMET straw 20μm” is employed by “COMET phase-I”
✤ COMET employs two-staged approach

✤ Phase-I aims to achieve 10-15 sensitivity and investigate the beam background
✤ Phase-II aims to achieve the final sensitivity, 10-17 

✤ COMET Phase-I straw tracker (t20μm, φ10mm)  is under construction, and 
new “thinner and smaller” straw (t12μm,φ 5mm) R&D is ongoing

NA62 straw COMET straw 20μm COMET straw 12μm

Mylar wall thickness 36 μm 20 μm 12 μm

Tube diameter 9.8 mm 9.8 mm 5.0 mm

Cathode material Cu(50nm) + Au(20nm) Al (70 nm) Al (70 nm)

Development status In Operation Detector Construction R&D 
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Development;  Past-Present-Future
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✤ ~2016,  New straw (t20μm,φ10mm) Development
✤ Test in vacuum, 1-straw prototype detector

✤ ~2019,  Tracker development and Thinner straw development
✤ Full-scale prototype detector, Test-beam for performance study

✤ Thinner straw R&D
✤ Started to investigate “thinner and smaller” straw, and 

Decided to aim “12μm thickness and 5mm diameter”

Vacuum Build-Up Measurement
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 Vacuum Build-Up Measurement : Set Ups

1atm difference between inside and outside 
of 1-straw chamber

vacuum valve

1-straw chamber

Vacuum chamber

gas

vacuum gauge
pump

exhaust

Make a vacuum and shut the vacuum valve. 
　　　Measure the  vacuum build-up. 
　　　Estimate gas leakage from 1-straw chamber.

Gas Leakage Study
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 1-straw chamber

Gas InletGas Outlet
Signal

Positive HV

Evaluation chamber in order to evaluate the mechanical performances of COMET straw quickly.

Gas Outlet Side

Gas Inlet Side

(introduced by Hajime Nishiguchi, in COMET-CM14)

第 8. 東北大学電子光理学研究センターにおけるビーム照射試験 8.1. セットアップ

図 8.3 ビーム照射試験におけるセットアップ。図 7.2 に示した大型プロトタイプを、立
てて設置している。

図 8.4 セットアップをビーム上流側から見
た図。ビーム出口、上流側 BDC、大型プロ
トタイプまでの配置が確認できる。

図 8.5 セットアップをビーム下流側から見
た図。大型プロトタイプに隣接するフレーム
に、下流側 BDCと TCが固定してある。

BDCから得られる 1台あたり全 64チャンネルの信号は、EASIROCモジュールを使用し
て、MPPCの出力波形の波高情報を取得する。FCの出力波形はそれぞれ NIMモジュール
の Discriminatorによってデジタル信号に変換され、トリガーの生成に使用する。
大型プロトタイプの全 32チャンネルのうち、y軸方向に軸を持つビーム上流側の 16チャ
ンネルは、ASDカード及び ASDバッファを介して増幅した波形を、WFDで取得する。ま
た、x軸方向に軸を持つビーム下流側の 16チャンネルは、ストローチューブ飛跡検出器の実
機に用いる予定である専用の読み出し回路 ROESTI(Read-Out Electronics for Straw Tube

81

第 8. 東北大学電子光理学研究センターにおけるビーム照射試験 8.3. 位置分解能評価
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図 8.12 Ar/C2H6=50/50、1900 Vで得られた X-Tプロット。自身の X-Tプロットか
ら X-T functionを定義しなおすことで、Residual分布がわずかに変化する。
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図 8.13 Ar/C2H6=50/50、1900 V で得られた Residual 分布をガウス関数でフィット
した結果の σ の値。X-T functionの再定義を繰り返すことで σ の値が変化する。

布の σ の値が、最小となるはずである。
図 8.12 は、Ar/C2H6=50/50、1900 V の設定で取得したイベントに対して、この解析を
行った際の X-Tプロットと Residual分布の様子である。左から順に、シミュレーションの
X-T functionによって作成したもの、X-T functionの再定義を 1、2、3回行ったものを示し
ている。第 7.3.4章における解析で得られた X-Tプロットに比べて、細く、位置分解能が良
い結果が得られた。第 1層・第 3層のストローチューブ間のギャップによって電子の飛跡が
決定できないため、アノードワイヤー近傍はイベントが少なくなっている。斜めに電子が入
射するイベントを用いてアノードワイヤー近傍のイベントを取得しようとしたが、ビームの
角度分布が小さく、これに該当するイベントはほとんど存在しなかった。このため、第 7.3.4

章における解析と同様、X-Tプロットのアノードワイヤー近傍領域に空白が存在する。
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Reported at 
VCI2016

Reported at 
VCI2019
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Development;  Past-Present-Future
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✤ Construction of the Straw Tracker for COMET Phase-I is ongoing.
✤ The 1st station, out of 5 stations, is completed.

✤ Assembly for 2nd station is ongoing.
✤ Will ready for COMET Phase-I commissioning in 2024.



12

Development;  Past-Present-Future
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✤ New straw R&D is ongoing → “12μm thickness and 5mm diameter”
✤ Lead by JINR COMET straw group (N. Tsverava et. al.)
✤ Assembly technique R&D by joint effort with NA62 collaboration 

at CERN (H. Danielsson et. al.)

20 µm straw seam cross-section

20 µm straw seam cross-section

10.10.2019 9

12 µm straw seam cross-section

Mechanical 
study, ongoing

Looks OK,
Still need 

further studies

New straw samples SEM image Test bench @ JINR

diameter vs 
pressure

Elongation 
vs weight

diameter uniformity



Even Thinner Straws ?
— for the future experiments —
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Technical limitation

Hajime NISHIGUCHI (KEK)                 “Vacuum-Compatible Ultra-Thin-Wall Straw Tracker Straw Tracker”                               VCI2022, Online

✤ Straight adhesion by ultrasonic welding
✤ (Maybe) 12μm-thickness is a limit

Seam width is important;
Need to be wide enough to keep tightness
Need to be narrow enough to keep roundness

✤ Doubly-wound adhesion
✤ (Maybe) Also close to a limit
✤ Need a glue, cannot reduce a certain amount of glue

Need a Paradigm Shift
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Idea of a Seamless Straw
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✤ Paid attention to the “electrospinning” technique by the newest nano-
technology = Popular for non-woven fabric products

Electrospinning is a fiber production method that 
uses electric force to draw charged threads of 
polymer solutions or polymer melts up to fiber 
diameters in the order of some hundred 
nanometers.

✤ By the electrospinning method, we can produce a kind of polymer 
fabric.
➡by using “a bar (or a tube) target” for electrospinning, 

a seamless and extremely thin polymer tube can be realized !!

Problems to be solved: 1. Gas-tightness
2. Conductivity
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Can we solve issues ?  YES
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✤ Gas-tightness
✤ At the 1st step (polymer fabric), polymer straw is 

made with a polyamic-acid solution (=base of 
Polyimide).

✤ At the 2nd step, by impregnation (soaking) with a 
polyamic-acid solution into polymer straw, gas-
tight straw is realized.

✤ Conductivity
✤ To make it a cathode of wire chamber, inner surface of straw 

should be metalized.
✤ By burning it, it might be carbonized !!  →  Graphite Straw 

✤ A graphite straw can make a paradigm shift !!
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Some pilot tests
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Issues still to be solved
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✤ Roundness
✤ How we can make it roundly ?

✤ First trial looks very wavy…
✤ More sophisticated method is necessary…

✤ Conductivity
✤ Electrical conductivity was measured with the first burned 

samples; 19.8 S/cm for 900℃ sample and 439 S/cm for 2,800℃ 
sample, respectively. → Worse than expected

✤ Might be caused by a base textile → Possible to make a dense 
textile at the 1st step.



Conclusions
Vacuum-compatible Ultra-thin straw is a good tracker for low-energy 
charged particle tracking, eg. μ-e conversion search, μ g-2, K rare decay, etc.
COMET experiment developed t20μm/φ10mm straw for COMET Phase-I

After VCI2019, final assembly for COMET Phase-I tracker started.
The 1st station, completed. Aim to complete 5 stations in 2024.

New thinner / smaller straw (t12μm/φ5mm) developed at JINR
Aim to develop new tracker for COMET Phase-II and NA62-upgrade with 
a joint effort among KEK/JINR/CERN.

Even thinner straw ?
Polyimide fabric by a nano-fibre technology can make a paradigm shift !
Gas-tightness / Conductivity can be realized by carbonization

Graphite Straw !!
Some pilot tests showed promising results, but still many issues we have.

In the next VCI, Hope to report i) completion of Phase-I tracker, ii) 
development of thinner/smaller straw tracker, and iii) prototype detector 
of the graphite straw !


