The Mu3e vertex detector:

prototyping, cooling, and upcoming production
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Physics motivation of Mu3e: The vertex detector: Why gaseous helium as coolant for the pixel detectors?

® Search for charged lepton flavor ® Two innermost layers of the
violation in the decay: HV-MAPS based pixel detector

® Signal decay has to be distinguished from: u* — eTe etvw

® Only possible for sufficient momentum resolution.
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little material budget: ~ 0.1 %X, per tracking layer
negligible scattering in passive part of detector
gaseous cooling adds least material

Pixel ladders
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Thermal-mechanical mock-up: Successful operation of a 50 pm thin pixel detector

with gaseous helium cooling:

® Mechanical copy of vertex detector
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® Mu3e integration run 2021 with
around 70 functional MuPix10 chips
(50 ym thickness).

silicon heater chips. thermometer =

i ® PCB-based ladders instead of thin
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® Correlations between two tracking
silicon heater HDI layers for two different target
Cooling studies: configurations
Heat loads: 215 mW/cm? & 350 mW/cm? Simulated correlation pattern Measured correlation pattern
. . . § Mu3eIntRun 2021 § Mu3elIntRun 2021
GaS ﬂOW. 2 g/S hellum, ﬂOW from Chlp O to 5 Mu3e double double dlSC target §m71 ém
Flow channels:  Between the 2 layers & around the outer layer cone target (no magnetic field) ™ ==- 4
: u r with magn. fi v
Measurement:  Map of all chip temperatures (see below) Muse oot wh magn. Ted I =l S
S 1107 8 gt 10
Results: Layer 1 Layer 1 ,
Layer 0 0 - Layer 0 0 50 e A b ______
0 1 < 0 1 < Y S 10*
1 z w0 z 0 & N & |1 /
. 3 © Lo . LameEl . &S
oF 5 05 g 5 |
S4 S5 0 S 4 8 5 v 0 1 2 3 4 5 0 1 2 3 4 5 10° 60 100
8 S e 20 2 S S 20 2 Chip (Layer 0) Chip (Layer 0) 2 13 14 15 16 17, 12 13 14 15 16 17,
g g . . .« . Layer O - Ladder 2 %
° . 10 £ ° . 10 2 On-chip temperature during operation: J el chins
O 1 2 3 4 5 9 O 1 2 3 4 5 9 Temperature difference (powereo_l to u_npowere_d state).
Chip ID 012 3 4 5 0 Chip ID 012 3 4 5 0 LM35 sensor glued on active pixel matrix. B Disclaimer:
ChiplD ChiplD glﬁ' USL1-2
215 mW/cm? (nominal heat dissipation) 350 mW/cm? (conservative limit) @ 141 v DSL1-2 ® PCB ladders behave as heat sinks
$ 121 » USL1-6 .
Tromean = 20.3(1V K Tr1mean = 14.8(2) K Tromean = 32.0(1V K Trimean = 24.1(3) K 510 . DSL1-6 differently than the final HDI ladders.
Tromazs = 33.2(12) K Tp1maz = 28.9(15) K Tromaz = 52.5(9)K  Tr1mae = 49.3(15) K I 8-\ ® Helium distribution not as in final
*;emperal;cure difference to inlet % 6 d eteCtO I.
o as temperature g “\t\,\‘\r\h | .
® Temperatures are well below T..,;; = 70 °C (glass transition < S S S S N e ® Results can't be directly compared to
. : o = sensor _ i _
temperature of adhesives used) for an inlet temperature of 0°C o o US L1 thermal-mechanical mock-up.

Mass flow (g/s)

Vertex detector production:

Quality control: Ladder & module assembly:

® Qualification of MuPix sensor before
assembly by probe card

® Optical survey of all detector components
by digital microscopes

® Pixel ladders and modules operated with
final readout electronics in lab
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MuPix probe card Chip placement on ladder assembly tool HDI glued onto 6 chips Layer 0 module assembly tool
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