
AMBER experiment new ASIC requirements

Detector MicroMegas Wire chambers

Detector capacitance <= 150 pF 20-100 pF

Dynamic range 1-100 fC 1-1000 fC

Charge resolution to be defined 10 bit

Time resolution 1 ns 1 ns

Potenza dissipata per canale < 5mW < 10mW

Numero di canali per chip 64 - 128 32 - 64

Numero di canali totali per 

detector

3x MM ~ 

5760 ch x3 ~ 

17780 ch

Rate per canale < 1 MHz

< 250kHz (stima 

rate per filo)

Timelines

2025 first prototype 

test with new FEE

2024 first 

prototype

Development and test of the readout electronics for the new large 
area MicroMegas detector for the AMBER experiment at CERN

C. Alice on behalf of the AMBER-Torino group

AMBER Collaboration:
13 countries + JINR (Dubna),

33 institutions, ~ 200 members.   

Conventional muon/hadron M2 beams

Proton Radius Measurement
Antimatter production cross section
Pion and kaon structure (PDFs and PDAs)
via DY and J/Psi production

Phase-1: Proposal approved by RB on 02/12/2020 

High precision strange-meson spectrum
Kaon and pion charge radius
Kaon induced Primakoff reaction
Gluonic content of kaon via prompt 
photons production

Phase-2 Proposal submission 2024

An MPGD detector with the new triggerless RO could find
its first application during the Drell-Yan Pilot Run which is
currently scheduled to the end of 2025.

Candidates to be substituted

The AMBER experiment at CERN  MM development
▪ Detectors requirements and motivation:

• Active area: 6,8 x 6,8 cm²
• Amplification gap: 128 μm
• Conversion gap: ~ 5 mm
• Strips width: 400 μm
• Pitch: 550 μm
• Holes: 45 x 45 μm²
• Wires diameter: 18 μm

Beam OFF

Beam ON

Initial digital RO chain

Mesh electrode Drift electrode Gas vesselAnode PCB

Operation at the RD51 TB

TIGER ASIC
(Torino Integrated Gem Electronics for Read-out)

ON-DETECOR electronics: TIGER ASIC based FE card

OFF-DETECTOR electronics: GEMROC based RO (Fe&To INFN)

DAQ software: GUFI DAQ software (To INFN)

Fe55 laboratory test with MCA 

After 1 day on
beam, most of
the channels
are damaged

Two issues were identified

• The grounding could be tricky

• The discharge protection circuit is
not sufficient in our configuration

CGEM ESD circuit

Our first prototype: non-resistive floating mesh MM 

Beam OFF

Beam OFF

Beam ON

Quality check of the production

Strips  voltage  520V

Kapton tape added

Strips voltage 590V

An optical system to
analyse the anode
defects has been
implemented

Video frames merged to obtain the
discharges distribution

MM detector

Camera

Problematic
edges

We have removed the
problematic areas

Only local defects of
the Cu on the strips

We can address the
problematic areas

New ESD protection circuit have been designed in order
to face up the MM detector discharges

NEW ESD circuit

Chiara Alice          3rd International Conference on Detector Stability and Aging Phenomena in Gaseous Detectors           chiara.alice@to.infn.it

2025 Drell-Yan setup

The replacement of a part 
of the COMPASS MWPCs 
is planned, to face
up the aging of some of 
the structural elements.

For the AMBER (NA66) experiment several upgrades of the
COMPASS (NA58) spectrometer are foreseen for the medium and
long-term AMBER program.

▪ AMBER MicroMegas detector design:
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LATERAL modules

CENTRAL module

• 512 X-strips LATERAL 
modules

•  512 UV-strips 
LATERAL modules

• 512 X-strips + 512 
PADs CENTRAL module

•  512 UV-Strips + dead 
area CENTRAL module

51,2 cm

1 m

Common drift electrode

Mesh electrodes

Mesh electrodes

X - coordinate readout planes

UV – double coordinate readout planes

Anodic planes

Anodic planes

x

y

z beam

New AMBER FEB TIGER-based

Common drift electrode

Mesh electrodes

Mesh electrodes

X - coordinate readout planes

UV – double coordinate readout planes

512 mm

1 m

• 4 FEB: 128 RO 
channels each

• X-Strips : 512 

• 1mm strip pitch 

• 512 mm area 
covered by strips

UV – double coordinate readout planes

512 mm

• 10 FEB: 128 RO 
channels each

• U-Strips: 512
• V-Strips: 512

• 1mm strip pitch 

10° U-tilted

X – coordinate readout planes
• Bulk technology

• Resistive uniform DLC 20MΩ

• Anode: FR4 PCB readout planes

• Cathode: thin PCB drift plane 

FEBs for U-Strips

FEBs for V-Strips

FEBs for X-Strips

512 mm

1 m

• 9 FEB: 128 RO 
channels each

• X-Strips : 512 

• Half X-Strips: 128

• 512 PADs

• 1mm strip pitch 

512 mm

• 12 FEB: 128 RO 
channels each

• U-Strips: 512
• Half U-strips: 

128
• V-Strips: 512
• Half V-strips: 

128

• 1mm strip pitch 

10° U-tilted

FEBs for U-Strips

FEBs for 
V-Strips

FEBs for X-Strips

FEB for short X-Strips

FEBs for half of the PADs

FEBs for half of the 
PADs

128 mm

FEB for short U-Strips

FEB for short 
V-Strips

1 m

LATERAL module

CENTRAL module

New RO chain

2x FireFly to reach
full bandwidth

FX10A-140P14-SV1, 
128ch connector, 
integrated GND

New protection circuit

2x TIGER 
ASICs

Cooling pads

MM CHAMBER
AMBER micromegas FE

INFN-To
Data and LV Patch Card 2

JINR

GEMROC
INFN-Fe

• Resistive MM 
• 50x100cm2

• NON-resistive MM

• Floating mesh

• New TIGER FE • New MM ASIC

2023/24

Lateral module
R. De Oliveira & MPT workshop @ 

CERN

2025

Central module
R. De Oliveira & MPT workshop @ 

CERN

New TIGER-based FEB

• Bulk technology

2022/23
New ASIC development

(ToASt based)

DY test run

• Lateral module

• Central module

• NEW FEE

2026The new protection circuit will allow for
an individual channel quenching.
For NON-resistive MM.

Channel concept of the new ToASt-based ASIC

https://indico.cern.ch/event/1237829/
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