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Compressed Baryonic Matter Experiment
Fixed Target A-A at ЍsNNI,>:E8,¯8,@:E,Sqb
Ÿ First-order chiral phase transition
ŸQ¥{¡uo,|tm q ,4 {r¡,pqo{zruzqp8,}¢m~w¦{zuo8,¯5
Ÿ EoSat neutron star core densities
Ÿ In-medium properties of hadrons
Ÿ Strangeness and Charm production, properties
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The Inner Tracker
Inside 1 T·mmagnet dipole field 
2.5 ¼25ϲpolar acceptance (full azimuth)
MVD: 4 layers CMOS MAPS
Ÿᾀ= 8 ¼20 cm (in vacuum)
STS: 8 layers Si-strips
Ÿᾀ= 30 ¼100 cm (in air)

Compressed Baryonic Matter Experiment
Fixed Target A-A at ЍsNNI,>:E8,¯8,@:E,Sqb
Ÿ First-order chiral phase transition
ŸQ¥{¡uo,|tm q ,4 {r¡,pqo{zruzqp8,}¢m~w¦{zuo8,¯5
Ÿ EoSat neutron star core densities
Ÿ In-medium properties of hadrons
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Physics with the MVD
Hypernucleiproduction

Selection w/ KFParticleFinder in CBM
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https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://link.springer.com/article/10.1140/epja/s10050-020-00275-w#citeas
https://doi.org/10.1016/j.physletb.2011.01.053


Franz A. Matejcek ¼GSI Pixel Platform Workshop ¼23.03.2026

Physics with the MVD

High track density in the Inner Tracker

MVD track seeds minimizing STS 
ambiguities

Hypernucleiproduction

Selection w/ KFParticleFinder in CBM
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Requirements for Low-p Tracking

„ ͯ
ɇ

Multiple Scattering 
dominates

Geometry dominates

Generic 2-station pointing precision
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Design driven by material budget
Ÿ Multiple Scattering dominated regime
Ÿ Technology: (thinned) CMOS MAPS
Ÿ Tracking beforebeam window (vacuum operation)

Requirements for Low-p Tracking
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Design driven by material budget
Ÿ Multiple Scattering dominated regime
Ÿ Technology: (thinned) CMOS MAPS
Ÿ Tracking beforebeam window (vacuum operation)

But: No lunch for free
Ÿ MVD rate limited to 100 kHz Au+Au (10 MHz pp)

Readout speed, radiation hardness
1st station needs annual exchange 

Ÿ Passive cooling in acceptance
Large modules for mechanics and cooling

Ÿ Double-sided integration

Requirements for Low-p Tracking

„ ͯ
ɇ

Multiple Scattering 
dominates

Geometry dominates

Generic 2-station pointing precision
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4 planar tracking stations, ~300 sensors
Ÿ 8 ¼20 cm downstream of target

Overview Micro Vertex Detector

Z=0
Target

8 cm 10 cm 12 cm 20 cm

Beam
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4 planar tracking stations, ~300 sensors
Ÿ 8 ¼20 cm downstream of target

Overview Micro Vertex Detector

MIMOSIS-2 on TPG

MIMOSIS-2.1 with MVD FPC
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https://iopscience.iop.org/article/10.1088/1748-0221/20/06/C06024
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4 planar tracking stations, ~300 sensors
Ÿ 8 ¼20 cm downstream of target

Key challenges: 
Ÿ Magnetic field and vacuum operation
Ÿ Material budget (0.3% ¼0.5% X0)
Ÿ Double-sided integration

Overview Micro Vertex Detector

MIMOSIS-2 on TPG

MIMOSIS-2.1 with MVD FPC
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https://iopscience.iop.org/article/10.1088/1748-0221/20/06/C06024
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CBM and the GSI Pixel Platform
Sensor validation infrastructure 
(SEE tests at UNILAC, 
yONYL_U_=D8,¯5
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CBM and the GSI Pixel Platform

Integration infrastructure 
(metrology, wire-bonding, probe 

testing, laser-mnxm¡u{z8,¯5

Sensor validation infrastructure 
(SEE tests at UNILAC, 
yONYL_U_=D8,¯5
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CBM and the GSI Pixel Platform

Integration infrastructure 
(metrology, wire-bonding, probe 

testing, laser-mnxm¡u{z8,¯5

Sensor validation infrastructure 
(SEE tests at UNILAC, 
yONYL_U_=D8,¯5

Integration expertise 
4n{zpuzs8,¡{{xuzs8,¯5
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CBM and the GSI Pixel Platform

Integration infrastructure 
(metrology, wire-bonding, probe 

testing, laser-mnxm¡u{z8,¯5

Sensor validation infrastructure 
(SEE tests at UNILAC, 
yONYL_U_=D8,¯5

Engineering expertise 
4£mo¢¢y,rqqp¡t~{¢st 8,tqm¡, uzw 8,¯5

Integration expertise 
4n{zpuzs8,¡{{xuzs8,¯5



Chapter 1

MIMOSIS
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The MIMOSIS Story

¹`tq,zqqpxq,uz,¡tq,tm¦ ¡mowº
Anti-Џin12 AGeVAu-Au collisions 

in the Inner Tracker

Requirement

Spatial precision ~5 µm

Time resolution ~5 µs

Thickness ~50 µm

Power dissipation < 100 mW/cm²

Radiation doses (non-ionizing) > 7x1013 neq/cm²

Radiation doses (ionizing) > 5 Mrad

Radiation gradient on chip ~100%

Rate capability avg. (peak) 20 (80) MHz/cm²

HI-tolerance 10 Hz/mm²
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The MIMOSIS Story

MIMOSIS-1 (2020) MIMOSIS-2/2.1 (2024)MIMOSIS-0 (2018) MIMOSIS-3 (2026)

~ x40 ¼50

¹`tq,zqqpxq,uz,¡tq,tm¦ ¡mowº
Anti-Џin12 AGeVAu-Au collisions 

in the Inner Tracker

Requirement

Spatial precision ~5 µm

Time resolution ~5 µs

Thickness ~50 µm

Power dissipation < 100 mW/cm²

Radiation doses (non-ionizing) > 7x1013 neq/cm²

Radiation doses (ionizing) > 5 Mrad

Radiation gradient on chip ~100%

Rate capability avg. (peak) 20 (80) MHz/cm²

HI-tolerance 10 Hz/mm²



The MIMOSIS Story
Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Ÿ Starting point: ALPIDE pixel, fully custom digital front-end

Standard
¹MX\UPQº
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The MIMOSIS Story
Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Ÿ Starting point: ALPIDE pixel, fully custom digital front-end

Improved radiation hardness
ŸY{puruqp,q|u¡m¥umx,xm¦q~,4¹|- ¡{|º5
Ÿ Increased diode bias (AC-coupling)
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https://indico.cern.ch/event/981823/contributions/4293566/
https://iopscience.iop.org/article/10.1088/1748-0221/18/06/C06013/pdf
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Improved radiation hardness
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Improved operation range (signal)
Ÿ 50 µm epi thickness
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The MIMOSIS Story
Joint venture: IPHC Strasbourg, University Frankfurt, GSI
Ÿ Starting point: ALPIDE pixel, fully custom digital front-end

Improved radiation hardness
ŸY{puruqp,q|u¡m¥umx,xm¦q~,4¹|- ¡{|º5
Ÿ Increased diode bias (AC-coupling)

Improved operation range (signal)
Ÿ 50 µm epi thickness

Improved readout speed
Ÿ 8 x 320 Mbit/s

Improved SEE hardening
Ÿ Hamming encoding (DACs)
Ÿ Triple Modular Redundancy
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https://indico.cern.ch/event/981823/contributions/4293566/
https://iopscience.iop.org/article/10.1088/1748-0221/18/06/C06013/pdf
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All¼MIMOSIS beam telescope
Ÿ 4 reference sensors, 2 DUTs
Ÿ Controlled room temperature
Ÿ Dark rate <10-10/pixel/frame

MIMOSIS-2.1 Performance

25 or 50 µm 
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All¼MIMOSIS beam telescope
Ÿ 4 reference sensors, 2 DUTs
Ÿ Controlled room temperature
Ÿ Dark rate <10-10/pixel/frame

MIMOSIS-2.1 Performance

25 or 50 µm 



P-Stop, 50 µm Epi

End-of-Lifetime+40%

Far beyond 
EOL

25 or 50 µm 
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Induced radiation damage
Ÿ Reactor neutrons, 60 keV X-rays
Ÿ EOL dose + safety margins
Ÿ Dark rate <10-6/pixel/frame

¯,mr¡q~,U~~mpum¡u{z



28Franz A. Matejcek ¼GSI Pixel Platform Workshop ¼23.03.2026

Single Event Effects from beam halo, target fragments, direct beam impact
Ÿ 5.4 mm next to the beam!

ALICE: ITS2 23 mm, ITS3: 19 mm, IRIS: 5 mm
Ÿ Validate with ~4 AMeV Au @GSI

Challenge: Fixed Target (SEE)
First results: B. Arnoldi-

Meadows et al.

Hit gradient 1st MVD station

https://iopscience.iop.org/article/10.1088/1748-0221/18/04/C04002/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/18/04/C04002/pdf
https://iopscience.iop.org/article/10.1088/1748-0221/18/04/C04002/pdf
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Single Event Effects from beam halo, target fragments, direct beam impact
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ɿ-e¼(+ dipole field: irradiation gradient)
Ÿ Load uncorrelated to physics events (tracking ambiguity)
Threshold shift from TID (charge build-up in gate oxide)
Ÿ Saturates (~1 Mrad if biased, 3 Mrad if unbiased)
Ÿ Pre-irradiation to homogenize pixel response (60Co ɾ)

Challenge: Fixed Target (Deltas)

Hit gradient 1st MVD station

A B C D
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ɿ-e¼(+ dipole field: irradiation gradient)
Ÿ Load uncorrelated to physics events (tracking ambiguity)
Threshold shift from TID (charge build-up in gate oxide)
Ÿ Saturates (~1 Mrad if biased, 3 Mrad if unbiased)
Ÿ Pre-irradiation to homogenize pixel response (60Co ɾ)

Challenge: Fixed Target (Deltas)

Hit gradient 1st MVD station Threshold shift biased MIMOSIS-1 Threshold shift unbiased MIMOSIS-2.1

A B C D
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Non-ideal spills in realistic accelerators (SIS100)
Ÿ Global spill: 0.5 s synchrotron refill, 10 s slow extraction 
Ÿ µ-spill structure (known from SIS18)
Ÿ Substantially improved withSpill Optimization System (SOS)

Challenge: Fixed Target (Intensitiy Fluctuations)
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Non-ideal spills in realistic accelerators (SIS100)
Ÿ Global spill: 0.5 s synchrotron refill, 10 s slow extraction 
Ÿ µ-spill structure (known from SIS18)
Ÿ Substantially improved withSpill Optimization System (SOS)

Elastic buffer in MIMOSIS 
Ÿ Peak/average >3 for 50 µs
ŸWrite speed 10.24 Gb/s > Read speed 2.56 Gb/s (for 8 links)

Challenge: Fixed Target (Intensitiy Fluctuations)



Chapter 2

Integration
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Front-End Electronics

ReadOut
Board (ROB)

Front End 
Board (FEB)

Sensor FPC

Data FPC

Power Board 
(POB)
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Front-End Electronics

ReadOut
Board (ROB)

Front End 
Board (FEB)

Sensor FPC

Data FPC

Power Board 
(POB)

ROB and POB fully functional 

FEB powers on
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Optimize power distribution network (on-chip and in-detector)
Ÿ Static and dynamic voltage drops on all time scales

Challenge: Powering

100 mV voltage fluctuations on 
VDD every frame (5 µs)
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2x digital power increase 
during spills, TID effects
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Optimize power distribution network (on-chip and in-detector)
Ÿ Static and dynamic voltage drops on all time scales

Challenge: Powering

100 mV voltage fluctuations on 
VDD every frame (5 µs)

2x digital power increase 
during spills, TID effects

~4x improvements in analog 
power grid from M1 to M2
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Challenge: Powering

Stable operation voltage range

Z{¡qF,`tu ,u ,mz,¹qm ¦º, ¦ ¡qy,
Ÿ Parallelpowering
Ÿ Cross-powering and latch-ups not observed
Ÿ Sufficient stable operation voltage range
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Detector PDN
Ÿ LV distribution in vacuum (FEAST DC/DC)
Ÿ Low R cabling 
Ÿ >50% of FPC area for powering
Ÿ Separated power domains
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Challenge: Powering

Stable operation voltage range

Z{¡qF,`tu ,u ,mz,¹qm ¦º, ¦ ¡qy,
Ÿ Parallelpowering
Ÿ Cross-powering and latch-ups not observed
Ÿ Sufficient stable operation voltage range 

Detector PDN
Ÿ LV distribution in vacuum (FEAST DC/DC)
Ÿ Low R cabling 
Ÿ >50% of FPC area for powering
Ÿ Separated power domains

But: Capacitors in acceptance
But: Grouping of components
But: External biasing (20 m) 
But: ~40 mV GND shift (biasing, SLVS)
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High-speed signals over imperfect transmission path
Ÿ 320 Mb/s SLVS, up to 90 cm FPCs + PCBs
Ÿ Three connectors (discontinuities) in data path
Ÿ Single-layer, unshielded FPCs
Ÿ SLVS CM (200 mV) shifts due to GND shift (40 mV)
Ÿ Dynamic phase shifts due to power f luctuations

Various aspects validated, full system test in preparation

Challenge: Data Integrity

Ideal operating conditions MVD operating conditions
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Control functionality and Data Integrity
Ÿ Sensor FPCs, wire-bonded MIMOSIS 2.1
Ÿ Full-system tests¤;,ruzmx,|{¤q~uzs8,omnxq,xqzs¡t 8,¯

Sensor FPC 
Ÿ Not final ultra-thin design
Ÿ Now 18 µm, later 12 µm copper
Ÿ Validate FEB, next iteration

FEE Validation: Next Steps


