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The ATLAS Muon Spectrometer

Demands on the Muon Spectrometer:

Momentum resolution ∆pT
pT

< 10 % for muons up to 1 TeV

Tracking efficiency > 90 %
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The ATLAS Monitored Drift Tube Chambers

Drift Radius r / mm
0 2 4 6 8 10 12 14

D
rif

t t
im

e 
t /

 n
s

0

100

200

300

400

500

600

3 or 4
drift tube 

layers

µ

0.05 mm

W−Re wire

r

30 mm

Al tube wall

RO

HV

length: 1−6 m

width: 1 −2 m

1 charged particle ionizes gas along its path

2 electrons drift in electric field towards the wire

3 avalanche multiplication close to the anode wire
(≈ 150 µm)

4 measurement of charge arrival time t at the anode wire

5 determine drift radii r(t) and fit track segment

MDT chamber parameters:
Gas Mixture: Ar/CO2 (93/7)

Max. drift time: ≈ 700 ns

Single-tube resolution: 80 µm

Track reconstruction accuracy: 35 µm
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Problems at High Background Rates

Background neutrons and γ’s from secondary reactions in
shielding and other detector components cause drop of efficiency
and spatial resolution.
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LHC Luminosity Upgrade Plan

Upgrade of the LHC luminosity over the coming decade to
5× nominal luminosity: L = 5 · 1034 cm−2s−1

Background rate expected to increase proportional to
luminosity increase

⇒ Background rate capability exceeded in the inner forward region
(Small Wheel) of the muon spectrometer

Expected rate in Hz / cm2 at
nominal LHC luminosity:
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Reducing the Tube Diameter

0 2 4 6 8 10 12 14

700

0

100

200

300

400

500

600

Drift Time (ns)

Drift Radius (mm)

D
ri

ft
T

im
e

(n
s
)

15 mm ⌀ tubes

30 mm ⌀ tubes

Drift gas: Ar/CO2 (93:7), 3 bar

Reducing the tube diameter from 30 to
15 mm:

7× lower occupancy due to
shorter maximum drift time
(factor 3.5)
smaller tube diameter (factor 2)

More tube layers in the same
volume⇒ better tracking efficiency

occupancy: 42% 5%

rate:  ~3 kHz / cm²
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New Drift Tube Chamber Design

trapezoidal shape

3 different tube lengths

2×8 tube layers

1152 tubes in total
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Construction of a Full Scale Prototype Chamber
Drift Tube Production and Tests

Assembly in clean room

1200 tubes produced in 3
weeks, manpower 3 people

Tubes tested for correct wire
tension, gas tightness and
sustaining high-voltage

Overall failure rate ≈7 % —
decreased to ≈1 % later
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Construction of a Full Scale Prototype Chamber

glued multilayers of drift tubes

high-voltage distribution boards

front-end read-out electronics
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Test Beam Measurements
180 GeV Muon Beam at CERN

Goals:
First operation of the prototype chamber

Optimization of the operating parameters

Measurement of the spatial resolution and the efficiency
without background radiation
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Test Beam Measurements
180 GeV Muon Beam at CERN

Goals:
First operation of the prototype chamber

Optimization of the operating parameters

Measurement of the spatial resolution and the efficiency
without background radiation

192

196

200

204

208

212

240

244

248

252

256

260

288

292

296

300

304

308

336

340

344

348

352

356

193

197

201

205

209

213

241

245

249

253

257

261

289

293

297

301

305

309

337

341

345

349

353

357

194

198

202

206

210

214

242

246

250

254

258

262

290

294

298

302

306

310

338

342

346

350

354

358

195

199

203

207

211

215

243

247

251

255

259

263

291

295

299

303

307

311

339

343

347

351

355

359

216

220

224

228

232

236

264

268

272

276

280

284

312

316

320

324

328

332

360

364

368

372

376

380

217

221

225

229

233

237

265

269

273

277

281

285

313

317

321

325

329

333

361

365

369

373

377

381

218

222

226

230

234

238

266

270

274

278

282

286

314

318

322

326

330

334

362

366

370

374

378

382

219

223

227

231

235

239

267

271

275

279

283

287

315

319

323

327

331

335

363

367

371

375

379

383

0

4

8

12

16

20

48

52

56

60

64

68

96

100

104

108

112

116

144

148

152

156

160

164

1

5

9

13

17

21

49

53

57

61

65

69

97

101

105

109

113

117

145

149

153

157

161

165

2

6

10

14

18

22

50

54

58

62

66

70

98

102

106

110

114

118

146

150

154

158

162

166

3

7

11

15

19

23

51

55

59

63

67

71

99

103

107

111

115

119

147

151

155

159

163

167

24

28

32

36

40

44

72

76

80

84

88

92

120

124

128

132

136

140

168

172

176

180

184

188

25

29

33

37

41

45

73

77

81

85

89

93

121

125

129

133

137

141

169

173

177

181

185

189

26

30

34

38

42

46

74

78

82

86

90

94

122

126

130

134

138

142

170

174

178

182

186

190

91

11 / 19



Test Beam Measurements
Results

Stable operation of the prototype chamber in the test beam for one
week:

More than 30 million events recorded

No high-voltage or electronic noise problems
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High-Rate Tests
CERN Gamma Irradiation Facility (GIF)

Goal: Measurement of spatial resolution and efficiency as a
function of the background counting rate.
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Challenges:
No muon beam in the GIF→ have to use cosmic muons

Spatial resolution dominated by multiple scattering and track
extrapolation uncertainties
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High-Rate Tests
Results

Rate per Tube (kHz)
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Efficiency measurement shows good agreement with
expectancy
Resolution measurement not yet possible, need better trigger
acceptance and better tracking
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Summary and Conclusions

Inner forward regions of ATLAS muon spectrometer have to
be replaced for high luminosity upgrades of the LHC

Monitored Drift Tubes are proven and well tested technology
for high counting rates

Successful construction and operation of a full-scale
prototype chamber with 15 mm diameter drift tubes

Efficiency measurements with and without background
radiation as expected

Spatial resolution without background radiation as expected

15 mm diameter drift tubes are good candidates for an
upgrade of the Small Wheel
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Outlook
This Year

Measurement of spatial resolution with background radiation

Construction of four MDT chambers with 15 mm diameter drift
tubes for ATLAS
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Questions!?
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Backup
A Rough LHC Luminosity Upgrade Outlook
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Backup
Spatial Resolution vs. Rate
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