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CBM Physics and Detector Environment
 Explore the QCD phase diagram at high

net‑baryon densities
 Fixed‑target heavy‑ion collisions at FAIR
 Precision measurements of open‑charm hadrons

and low‑mass di-leptons
 High track densities and occupancies
 Triggerless, free‑streaming readout at very high

interaction rates (upto 10MHz)
T0: Time Zero and Beam Diagnostic
MVD: Micro-Vertex Detector
STS: Silicon Tracking System
MuCh: Muon Chamber

RICH: Ring Imaging Cherenkov Detector
TRD: Transition Radiation Detector
TOF: Time of Flight
FSD: Forward Spectator Detector

Schematics of the CBM experimental setup with its sub-detectorsOpportunity with MVD:
– Precise reconstruction of secondary decay

vertices
– Suppression of combinatorial background (di-

electron)
– Low momentum tracking
– Together with STS: reconstruction of Σ baryons

(which decay with neutral daughter)
TIPP 2026 302/02/2026

Beam direction

Au+Au: up to 11AGeV
p+Au: up to 30GeV



 Geometry and role:
• 4 MVD stations

• Two configuration: Tracking (baseline) & Vertexing
• TR: located ≈8–20 cm downstream of the target
• ~300 CMOS MAPS

• Placed inside the vacuum and inside the dipole magnetic field
• Provide precise primary and secondary vertexing for open charm

and di‑leptons

 Operation: 100kHz (11 AGeV Au+Au collisions), 10MHz (30
AGeV p+Au collisions)

Micro-Vertex Detector: Role and Requirements

MVD Setup: CAD design
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• 4 MVD stations

• Two configuration: Tracking (baseline) & Vertexing
• TR: located ≈8–20 cm downstream of the target
• ~300 CMOS MAPS

• Placed inside the vacuum and inside the dipole magnetic field
• Provide precise primary and secondary vertexing for open charm

and di‑leptons

 Operation: 100kHz (10 AGeV Au+Au collisions), 10MHz (30
AGeV p+Au collisions)

Micro-Vertex Detector: Role and Requirements

MVD Setup: CAD design Performance requirements:
• Single‑hit spatial resolution: ≈5–6 µm
• Effective time granularity: ≈5 µs
• Peak local hit rates: up to ≈80 MHz/cm²
• Radiation and material

– Annual TID ≈ 5 Mrad
– Annual NIEL up to ≈7×10¹³ neq/cm²
– Gradient over sensor: 100%

• Material budget per layer: 0.3–0.5 % X₀
– implies ~50–70 µm thin sensors on ultra‑light supports
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 Technology choice:
– CMOS Monolithic Active Pixel Sensors (MAPS)
– ALPIDE (TJ180nm) heritage (ALICE ITS sensor)

 Why ALPIDE “as‑is” is not sufficient for CBM:
– CBM: significantly higher local hit rates and a harsher

mixed radiation field

 MIMOSIS line:
– CBM‑specific MAPS development, building on ALPIDE

experience
– Fully redesigned digital micro‑architecture optimised for

CBM rates and radiation

MIMOSIS MAPS for the CBM MVD
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Known from ALPIDE

+ Radiation hardness
- Spat. Resolution

AC coupling
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MIMOSIS R&D Plan

2018
MIMOSIS-0

2020-2023
MIMOSIS-1

2023-2025
MIMOSIS-2

2026
MIMOSIS-3

• Demonstrate pixel concept.
• Demonstrate zero suppression.
• Demonstrate readout concept.

• Full dimension sensor
• Add buffer structure.
• SEE hardening 1/2

• On-chip pixel grouping.
• Final pixels.
• SEE hardening 2/2
• Delivered May 2024
• Tested in beam
• Excellent performance

• Final sensor for mass
production

We are at this stage
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 Facilities and beams:
– DESY: electron beams @ 5GeV
– CERN SPS: pion / proton beams at higher momenta @

120GeV
– Additional runs at COSY / CYRCé, as part of the

qualification program

 Typical setup:
– MIMOSIS device‑under‑test (DUT) mounted in a tracking

telescope
– Upstream and downstream reference planes for precise

track definition

 Scan parameters:
– Threshold and bias
– Comparison of irradiated vs non‑irradiated sensors (TID

and NIEL)
– Evaluation of different pixel flavours and epitaxial

thicknesses

Testbeam Campaigns for MIMOSIS

Photograph of testbeam setup

TIPP 2026 1002/02/2026



Detection Efficiency

p-stop 50µm shows superior performance and larger working range

Preliminary
mixed: 3e14+5Mrad

operation region
Beyond
requirement
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 All pixel show excellent
performance before
irradiation

 After irradiation (TID +
NIEL):
– cumulative dose up to ~5

Mrad and ~7×10¹³
neq/cm²

– With returned threshold,
efficiency remains >99 %
in operational region

 Dark rate:
– Marginal before irradiation
– <10-6 hit/frame after

irradiation



 Spatial resolution below 6
µm at nominal operating
point

 P-stop 50µm matches rad.
tolerance of P-stop 25 µm

 P-stop 50µm keeps its
advantages in terms of spat.
precision after 1014neq/cm²

Spatial Resolution
Spat. precision MIMOSIS-2.1

p-stop 25 µm vs. 50 µm
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 mMVD (two MIMOSIS) installed in the mini‑CBM (mCBM) setup at SIS18

 Objectives: Test and validate MVD DAQ in common CBM readout chain Validate synchronization with other detector subsystem

 First test in 2025: Spatial correlation between two sensors and with other
mSTS

 Planned tests: 2026/2027: test readout (multiple sensor per CRI); test one full quadrant
(optional)

Test in CBM-like environment (mCBM)

Spatial correlation between two MIMOSIS

Preliminary

ROOT Geometry of mCBM setup

Photograph of mMVD sensors installed in mCBM
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 Module concept:
Double‑sided TPG carrier with MIMOSIS sensors and flex PCBs
on both sides

– One module = one quadrant of a station; two modules
form a Half‑Station

– Wire‑bonded MIMOSIS to thin flex PCB

MVD Integration

Ref: F. Matejcek, et.al, DOI: 10.1088/1748-0221/20/06/C06024
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