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The CBM experiment [Fri, 14:00, HK 66.1 D.Emschermann]

Goal:
To study the QCD phase diagram at

high net baryon densities and moderate
temperatures

SIS100 collision energies 2÷11 A GeV

Physics observables:

Differential cross-sections

Rare diagnostic probes
Strange mesons
Light vector mesons (𝜌, 𝜛, 𝜙)
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STS layout [Mon, 16:30, HK 15.1, A.Lymanets]

Momentum resolution ∆p/p ∼ 1%

Hit spatial resolution ∼ 25 𝜇m

Material budget ∼ 1% X0/station

8 tracking stations

double-sided sensors, p-n-n structure

sensor sizes 6×2, 6×4, 6×6, 6×12 cm2

1024 strips per side (58 𝜇m pitch)

stereo angle front-back sides 7.5 deg

radiation tolerance up to
1×1014 1 MeV n𝑒𝑞/cm2

S/N >10 for the hit reconstruction
efficiency ∼ 98%
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Motivation

Double metalization (DM) each strip is
connected to its partner on the opposite end
with a second metal layer

Interstrip cables on the top of the sensor
(SMwC) routing lines are made by the
microcables on the top of the sensor

The main aim of the studies:

I Compare sensors from two
vendors

II Choose the appropriate
technology for the routing lines

double metal sensor (DM) single metal with cable (SMwC)
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Charge collection measurements

4 sensors were selected for charge collection test before and after irradiation
(KIT, 2×1014 1 MeV n𝑒𝑞/cm2 – twice the maximum neutron fluence expected
in the CBM )
measurements in light tight metal box
air was dried by N2 flow
measurements inside fridge (temperature and humidity monitored)
after irradiation the measurement temperature: -10 (±2) ∘C

name size thickness inter- V𝑓𝑑 ±5

CBM0- cm × cm 𝜇m connection V

5H4-W18 6 × 4 327 SMwC 68
5H4-W10 6 × 4 331 DM 75
6C6-W14 6 × 6 293 SMwC 94
5C6-W6 6 × 6 291 DM 98

5 or 6 – prototype generation,
H = Hamamatsu, C = CiS – manufacturer,
4 or 6 – sensor height/strip length in cm,
W – wafer number
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Charge collection with radioactive source 90Sr

100% of collected charge was estimated for
the given thickness.

CiS & Hamamatsu sensors:
difference of charge collection
efficiency is negligible within
error bars

DM & SMwC:
sensors from the same vendor
shows the same result

after irradiation:
charge collection efficiency drop
about 20% at fluence
2×1014 1MeVn𝑒𝑞/cm2
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Charge collection with proton beam 2.4 GeV @COSY, Julich
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CBM05H4
w13 DM non

CBM05H4
w10 DM irr

CBM05H4
w24 SM non

CBM05H4
w18 SM irr

100% collected charge was calculated taking
into account interstrip and coupling
capacitance.

STS test system:

STS0, STS1: reference stations

STS2: module: sensor +
20 cm microcable

STS3: irradiated sensors
operated at -8∘ C

After irradiation signal dropped down by ∼ 20 %
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Charge collection studies with different read-out bonding configurations

At the outer part of detector where occupancy of particles is low →
possibility to cut signal with threshold

To get signal higher → to read not every strip, but from two or every second
strip

First approach: only perpendicular tracks

100 101 102 103 104

1 → 1
one strip correspond to one r/o

132 133 134 135 136 137 138 139 140 141132 134 136 138 140

every second strip is r/o

132 133 134 135 136 137 138 139 140 141132 133 134 135 136 137 138 139 140 141

2 → 1
two strips connected to one r/o

source

Scintillator+ PM

Mother Board
Sensor + Daughter Board
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Charge collection studies with different read-out bonding configurations

To reduce number of r/o channels in outer aperture of STS detector three different
configurations of connection were tested:

∙ each strip corresponds to one r/o channel

∙ every second strip is read-out

∙ two strips connected to one r/o channel

98 99 100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131 132 133 134 135 136 137 138 139 140 141 142 143 144 145 146 147 148 149 150 151 152 153 154 155 156 157 158 159 160 161 162 163 164 165 166 167 168 169 170 171 172 173 174 175 176 177 178 179 180 181 182 183 184 185 186 187 188 189 190 191 192 193 194 195 196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355 356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387 388 389 390 391 392 393 394 395 396 397 398 399 400 401 402 403 404 405 406 407 408 409 410 411 412 413 414 415 416 417 418 419 420 421 422 423 424 425 426 427 428 429 430 431 432 433 434 435 436 437 438 439 440 441 442 443 444 445 446 447 448 449 450 451 452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483 484 485 486100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115 116 117 118 119 120 121 122 123 124 125 126 127 128 129 130 131

×32

196 197 198 199 200 201 202 203 204 205 206 207 208 209 210 211 212 213 214 215 216 217 218 219 220 221 222 223 224 225 226 227

×32

356 357 358 359 360 361 362 363 364 365 366 367 368 369 370 371 372 373 374 375 376 377 378 379 380 381 382 383 384 385 386 387

×32

452 453 454 455 456 457 458 459 460 461 462 463 464 465 466 467 468 469 470 471 472 473 474 475 476 477 478 479 480 481 482 483

×32

228 229 230 231 232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 268 269 270 271 272 273 274 275 276 277 278 279 280 281 282 283 284 285 286 287 288 289 290 291 292 293 294 295 296 297 298 299 300 301 302 303 304 305 306 307 308 309 310 311 312 313 314 315 316 317 318 319 320 321 322 323 324 325 326 327 328 329 330 331 332 333 334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351 352 353 354 355

×128

132 134 136 138 140 142 144 146 148 150 152 154 156 158 160 162 164 166 168 170 172 174 176 178 180 182 184 186 188 190 192 194

×64

388 390 392 394 396 398 400 402 404 406 408 410 412 414 416 418 420 422 424 426 428 430 432 434 436 438 440 442 444 446 448 450

×64

Alibava Daughter Board [ext. trig.]

CBM06H6w29
no routing lines, only long strips

Advantages:
* possible S/N improvement
* less read-out electronics
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Charge collection studies with different read-out bonding configurations
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Cluster charge spectrum was fitted
by the Landau-Gaussian convolution

MPV interpreted as collected charge
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Noise
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Noise of Sensor cbm06h5w29 with different r/o connections

Edge&noisy channels were removed from analysis

100 101 102 103 104

1 → 1
one strip correspond to one r/o

I case
2.58±0.02 ADC
S/N ≈ 26

132 133 134 135 136 137 138 139 140 141132 134 136 138 140

every second strip is r/o

II case
2.27±0.04 ADC
S/N ≈ 25

132 133 134 135 136 137 138 139 140 141132 133 134 135 136 137 138 139 140 141

2 → 1
two strips connected to one r/o

III case
3.05±0.05 ADC
S/N ≈ 22
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Conclusion

* The prototype sensors from two vendors, in two technological configurations,
show a reduction of charge collection by 15% to 25% after irradiation to twice
the maximum neutron fluence expected in the CBM experiment.

* Double Metal and Single Metal with Cable sensors shows similar charge
collection result.

* Three types of connection schemes with perpendicular penetrated particles
were analysed:

For each group S/N > 20;
Cases when two strips and every strip connected to one read-out has shown
the same charge collection;
In case of every second strip is read-out collected charge is ≈ 15% less;
Study will be continued with inclined beam.

* New series of sensors are under preparation to forthcoming irradiation studies.

Thank you for attention!
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