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A cylindrical drift chamber (CDC) has been constructed for the COMET Phase-I experiment
where a lepton flavor violating process, the muon-to-electron conversion, is searched for with
a sensitivity of 3× 10−15 at J-PARC. The CDC design was optimized to measure 105-MeV/c
electrons as well as suppressing unwanted low-energy particles. In order to achieve required
momentum resolution of 200 keV/c, the chamber is operated with a low-Z gas mixture of He
(90%) and i-C4H10 (10%) to mitigate the multiple scattering effect. An alternated all stereo layer
configuration is also adopted to enhance a good position resolution in the longitudinal direction.
The 4,986 sense and 14,562 field wires were strung using gold-plated tungsten wires and unplated
aluminum wires, respectively. Proper tensions were applied to control the wire gravitational sag
within 55± 7 µm for the sense wires, and the sag differences between a given sense wire and
surrounding field wires within less than 100 µm. CDC performance tests using cosmic rays are
successfully in progress. We have confirmed decent hit efficiency as well as spatial resolution of
170 µm including a tracking uncertainty.
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1. Introduction

The COMET experiment at J-PARC searches for the neutrinoless coherent transition of a muon
to an electron in the field of an aluminum nucleus, which violates the lepton flavor conservation
and has never been observed yet so far [1, 2]. While the process is extremely suppressed in the
Standard Model, the conversion rate is predicted to be enhanced in new physics models beyond the
Standard Model. The goal of the COMET Phase-I is to explore the muon-to-electron conversion
with a single event sensitivity of 3×10−15, which is 100 times better than the current limit.

In the COMET Phase-I, the converted electrons, which possess monochromatic momentum
of 105 MeV/c, are detected with a cylindrical drift chamber (CDC) and trigger hodoscopes in a
solenoidal magnetic field of 1 T. Figure 1 shows a schematic layout of the cylindrical detector
system. An inevitable physical background is the decay-in-orbit (DIO) electrons emitted from the
normal 3-body muon decay in an atomic orbit. The momentum distribution of the DIO electrons
has a high-momentum tail which is able to reach nearly 105 MeV/c. In order to distinguish the
signal from the DIO background, good momentum resolution of 200 keV/c is required. Therefore
the CDC is designed to reduce material thickness to suppress the multiple scattering effect which
dominates momentum resolution in this low energy region. Since low-Z materials have a small
photoelectric cross section, they have an additional advantage to reduce background hits caused by
low-energy photons from a muon stopping target. Hence we adopt a gas mixture of He:i-C4H10

(90:10).
The CDC structure consists of inner and outer cylinders with 496 and 835-mm radii and 0.5

and 5-mm thicknesses, respectively, which are made of carbon-fiber-reinforced plastic, as well as
aluminum endplates with 1.5-m distance. Owing to the large inner radius, the CDC momentum
acceptance opens from 60 MeV/c, so that most of low-energy DIO electrons do not reach CDC
and are swept away. The cell geometry is almost square shape with 16.8-mm width and 16.0-mm
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Figure 1: Schematic layout of the cylindrical detector system
for the COMET Phase-I. Muon beams come from the left side.
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Figure 2: A partial cross section of the
CDC cell structure. The crosses and cir-
cles indicate sense and field wires. The
red and blue colors represent positive and
negative stereo angles.
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height. An alternated all stereo layer configuration with ±(64–75)-mrad tilt angles for 20 layers
in total is designed to achieve good spatial resolution for the longitudinal direction. As shown in
Figure 2, the cell shapes are slightly distorted from a square according to their positions. This
affects an electric field distribution in cell-edge regions, which is taken into account in analyses.

2. Construction of the Cylindrical Drift Chamber

The CDC construction was conducted from 2014 to 2016. To handle a endplate distortion by
total wire tension of 1.4 ton, the endplates were machined with a step structure which realizes a
taper angle of 10◦. Wire feedthrough holes were precisely drilled on the endplates with tolerances
of 0.01 and 0.05 mm for the diameter and the position, respectively.

Wire stringing for 19,548 wires in total was performed after attaching the endplates with the
outer cylinder. We use gold-plated tungsten wires with 25-µm diameter and unplated aluminum
wires with 126-µm diameter for the sense and field wires, respectively. To compensate an estimated
total wire tension, a pre-stress to the endplates were applied in advance and released appropriately
as the wires were strung from outside to inside. The wire tension was measured by a conventional
resonance frequency method using alternating current and a magnetic field. The nominal tension
weights for the sense and field wires were set to be 50 and 80 g which correspond to gravitational
sags of 50 and 120 µm, respectively. The gravitational sag at the wire center is given by ρL2/8w,
where ρ,L, and w are the wire linear density, length, and tension weight [3]. Figure 3(a) shows the
measured sags for the sense wires, which are satisfied between 48 and 61 µm. Figure 3(b) shows the
calculated sag differences between a given sense wire and surrounding field wires. We considered
5 patterns of field-wire relative positions from the given sense wire, which have the same stereo
angles. The zigzag structure in the figure reflects the pre-stress release timings. Nevertheless all
the sag differences are kept within less than 100 µm.

The inner cylinder was installed after the wire stringing to close the gas volume of 2,084
litters. The gas tightness was checked with a helium gas and leak points were sealed with silicone
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Figure 3: (a) Gravitational sag for sense wires. The horizontal axis denotes a sense wire ID labeled from
inside to outside. (b) Gravitational sag differences between a sense and surrounding field wires. The marker
colors represent field-wire relative positions from the sense wire.
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gum. We confirmed the gas leakage was less than 20 cc/min, which corresponds to only 1% of a
circulation flow rate of our gas system.

3. Performance tests of the Cylindrical Drift Chamber

CDC performance tests using cosmic rays are being carried out. Stable operation of the CDC
was established with He:i-C4H10 (90:10) gas mixture and with applied high voltages up to 1850
V. We use readout frontend electronics boards developed for the Belle-II CDC, which provide
digitized 960-MHz timing and 30-MHz pulse shape information [4]. Figure 4(a) shows a typical
event display where a clear cosmic-ray track can be drawn. Figure 4(b) shows a residual distribution
obtained from the deviation of drift distance from the distance of closest approach between a hit
wire and a reconstructed track. A position resolution is derived to be 170 µm including a tracking
uncertainty. The right-side tail in the residual distribution appears near the sense wire region due
to relatively small numbers of primary electron-ion pairs generated in a cell, which is an intrinsic
property of helium-based gas mixtures. Hit efficiency is defined as a fraction of events included
in residual within ±3σ to total reconstructed tracks. We have obtained a preliminary efficiency
of higher than 95% at 1850 V, and found it was higher than 98% if we included the right-side tail
contribution. The first demonstration of the CDC cosmic-ray tests shows a decent performance as
expected, and detailed investigation with large statistics data is in progress.

[mm]
800− 600− 400− 200− 0 200 400 600 800

[m
m
]

800−

600−

400−

200−

0

200

400

600

800

48

49
50

51

52

53

54

55

56

57

58

59

60

61

62

63

64

65

66
67

68

69

70

71 72

73

74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

91

9293
9495

336

337

338

339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358
359

360361

362

363

364

365

366

367

368369

370

371372373

374

375

376

377378

379

380

381

382 383

96

97

98
99

100

101

102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

137

138

139

140141142
143

384

385

386

387

388
389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408 409

410

411

412

413

414

415

416

417

418

419

420421

422

423

424

425

426

427

428

429430 431

144
145

146

147

148
149

150

151

152

153

154

155

156

157

158

159
160

161

162

163

164

165

166167 168 169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190 191

432

433

434
435

436

437

438439

440

441

442

443

444

445

446

447

448

449

450
451

452

453454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

478479

192 193
194

195196 197
198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234
235

236

237

238

239

480 481
482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

502

503

504

505

506

507508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

525
526

527

240

241

242

243

244

245

246

247

248

249

250

251
252

253

254255

256

257

258

259

260

261

262
263

264

265 266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282
283 284

285

286 287

528

529

530

531

532

533

534

535

536

537

538

539

540

541
542

543

544

545

546

547

548549

550

551
552 553

554

555
556 557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

572

573

574575

288289
290

291

292

293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309

310

311 312

313
314315

316

317

318

319

320

321

322

323

324

325

326

327

328

329330

331

332

333

334

335

576
577

578
579

580

581

582

583

584

585

586

587

588

589

590

591

592

593

594
595

596

597
598

599

600

601
602 603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621
622

623

(a)  Event Display

run203

track463

layer
0 2 4 6 8 10 12 14 16 18

[m
m

]
re

s
σ

0.16

0.18

0.2

0.22

0.24

0.26
sigma of residual for each layer run171-173

iteration1

iteration2

iteration3

sigma of residual for each layer run171-173

ਤ 4.18: ඈ੻ߏ࠶੒ͷ܁Γฦ͠ʹΑΔҐஔ෼ղೳͷ্޲

residual[mm]
2− 1.5− 1− 0.5− 0 0.5 1 1.5 2

en
try

/b
in

0

1000

2000

3000

4000

5000

6000

7000

8000

residual distribution for testlayer10

 / ndf 2χ   1850 / 37
Constant  25.2±  7047 
Mean      0.0005±0.0166 − 
Sigma     0.000± 0.163 

residual distribution for testlayer10

ਤ 4.19: ෼෍ͷΨ΢εϑΟοςΟϯάࠩ࢒

Ґஔ෼ղೳͱࠩ࢒෼෍ͷඪ४ภࠩͷؔ܎͸ɺࠩ࢒෼෍ͷඪ४ภࠩΛσresɺຊ࣭తͳҐஔ෼ղೳΛ

σspatialɺඈ੻ߏ࠶੒ͷࠩޡΛσtrackͱͨ͠৔߹ɺ

σres =
√
σspatial

2 + σtrack
2 (4.10)

ʹै͏ɻຊ࣭తҐஔ෼ղೳ σspatialͷ 2৐ͱඈ੻ߏ࠶੒ͷࠩޡ σtrack ͷ 2৐ͷ࿨ͷฏํ͕ࠜɺࠩ࢒

෼෍ͷඪ४ภࠩ σres ʹରԠ͢Δɻඈ੻ߏ࠶੒ͷࠩޡͱ͸ɺඈ੻Λߏ࠶੒͢Δࡍʹ CDCͷੑೳͱ

͸ผͰɺඈ੻ΛϑΟοςΟϯά͢ΔதͰੜͯ͡͠·͏ࠩޡͰ͋ΔɻҎ߱ɺσres ΛҐஔ෼ղೳͱݺ

ͼɺຊདྷͷҐஔ෼ղೳΛຊ࣭తҐஔ෼ղೳͱݺͿɻຊղੳͰ͸ɺ(4.6)ٴͼ (4.7)ͷબఆ৚݅Λຬͨ

43

(b) Residual Distribution

Figure 4: (a) Typical event display in cosmic-ray tests. (b) Residual distribution for a central layer at 1825 V.
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