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AMBER experiment at CERN 

AMBER experiment:
SPS, North area, EHN2 hall

AMBER (NA66) is a fixed target experiment at the M2
beam-line in the North Area of CERN. It is located in the
same experimental hall (EHN2) in which COMPASS
experiment was.
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Physics program before LS3

● Antiproton production cross-section for 
indirect Dark Matter search (APX)

● Proton charge-radius measurement (PRM)

● Test run of Drell-Yan processes for Kaon and 
Pion PDFs (DY)

AMBER experiment at CERN

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

More details on Maxim 
Alexeev’s talk of yesterday
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AMBER spectrometer

The former COMPASS spectrometer is being used for APX 
measurement and will undergo several upgrades for the 
mid- and long-term program.

~50 m

AMBER experiment at CERN

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025



Torino group is responsible for the Multi-Wire 
Proportional Chamber (MWPC) tracking stations and 
the Rich Wall Mini-Drift Tubes (MDTs) detector.
Part of the MWPCs will be substituted by Micro-Pattern 
Gaseous Detectors (MPGD) to face their structural 
aging.
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AMBER spectrometer

AMBER experiment at CERN

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

The former COMPASS spectrometer is being used for APX 
measurement and will undergo several upgrades for the 
mid- and long-term program.
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• AMBER MWPC stations are structurally aged. During last years we carried out a
refurbishment campaign for MWPC-PB type.

• For AMBER mid and long-term program we decide to substitute a part of the
MWPCs (PA-type) with a micromegas detector.

micromegas working principle

MICRO-MEsh GAseous Structure

1.2 m x 1 m

Large area micromegas project: detector development
Detector development motivation:

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025
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The large-area MM detector (LMM) for AMBER will be
composed of three different modules covering a total active
area of 1.5 m x 1 m

Each indipendent module will be a bulk resistive
micromegas in a «face-to-face» configuration

Detector concept:

Large area micromegas project: detector development

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

Not to scale 

More details on Maxim 
Alexeev’s talk of yesterday



Mechanical structure and readout PCBs

UV-coordinates R/O plane

FR4 gas vessel frame

Cathode PCB - drift electrode

FR4 gas vessel frame

X-coordinate R/O plane
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Suspension holes

Alignment holes

Survey point

gas inlets/outlets

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

LMM lateral module prototype: detector design



Mechanical structure and readout PCBs

UV-coordinates R/O plane

FR4 gas vessel frame

Cathode PCB - drift electrode

FR4 gas vessel frame

X-coordinate R/O plane
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● 512 strips 
● 1mm pitch
● 750 um width
● 4 FEBs: 512 fe 

channels

X-coordinate R/O plane

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

LMM lateral module prototype: detector design



Mechanical structure and readout PCBs

UV-coordinates R/O plane

FR4 gas vessel frame

Cathode PCB - drift electrode

FR4 gas vessel frame

X-coordinate R/O plane
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LMM lateral module prototype: detector design

● 1280 strips 
● 1mm pitch
● 250 um U strips width
● 150 um V strips width
● 10 FEBs:  1280 fe channels

UV-coordinate R/O plane
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LMM lateral module prototype production

FR4 frame with cathode electrode

Micromegas detector assembled

Diamond-like carbon (DLC) resistive layer: 10 MΩ/cm2

Mesh electrode high: 150 um 

After PCB production the DLC deposition is performed followed by “bulkage” process

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

LMM lateral module prototype: detector production

Manufacturing techniques - RD51 school lecture by Rui De Oliveira

https://indico.cern.ch/event/1239595/contributions/5265614/attachments/2760966/4808030/Manufacturing%20techniques.pdf
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Signal trasmission study

● Ionization and gas amplification modeling

○ Micromegas detector working principle
○ Gas multiplication mechanism
○ Signal induction on the anode

● AMBER Large-area MicroMegas (LMM) detector simulation 

○ Detector stackup
○ ANSYS HFSS FEM description 

● Signal path modeling

○ Signal path description and simulation
○ TDR impedance measurements 
○ SPICE modeling

Optimization of the readout ASIC front-end

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025
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Signal trasmission study

● Ionization and gas amplification modeling

○ Micromegas detector working principle
○ Gas multiplication mechanism
○ Signal induction on the anode

● AMBER Large-area MicroMegas (LMM) detector simulation 

○ Detector stackup
○ ANSYS HFSS FEM description 

● Signal path modeling

○ Signal path description and simulation
○ TDR impedance measurements 
○ SPICE modeling

FEM weighting
potential calculation

Garfield++ signal
simulation

Courtesy of Djunes Jassen DRD1 school presentation

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

https://indico.cern.ch/event/1384298/contributions/5911819/attachments/2977526/5241940/DRD1School_2024_DjunesJanssens.pdf
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Signal trasmission study

● Ionization and gas amplification modeling

○ Micromegas detector working principle
○ Gas multiplication mechanism
○ Signal induction on the anode

● AMBER Large-area MicroMegas (LMM) detector simulation 

○ Detector stackup
○ ANSYS HFSS FEM description 

● Signal path modeling

○ Signal path description and simulation
○ TDR impedance measurements 
○ SPICE modeling

Extract S-Parameters in Ansys 
and use Matlab to merge       

Techniques to simulate the current
induced on the detector strips:

→ cascade elements
→ element lenght sweep 

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025



15

Signal trasmission study

● Ionization and gas amplification modeling

○ Micromegas detector working principle
○ Gas multiplication mechanism
○ Signal induction on the anode

● AMBER Large-area MicroMegas (LMM) detector simulation 

○ Detector stackup
○ ANSYS HFSS FEM description 

● Signal path modeling

○ Signal path description and simulation
○ Time Domain Reflectometer (TDR)
        impedance measurements 
○ SPICE modeling

Design of the PCB used to study the
impedence of the singular elements of the
readout pattern.

Different productions of similar elements will
allow to study the effect of adding capacitive
coupling with DLC layer and mesh grid.

PCBs produced @CERN MPT workshop

• ITEM 1: Cu BOTTOM, 3.2 mm FR4, Cu TOP 
• ITEM 2: Cu BOTTOM, 3.2 mm FR4, Cu TOP, Prepreg and Kapton
• ITEM 3: Cu BOTTOM, 3.2 mm FR4, Cu TOP, Prepreg and Kapton, DLC
• ITEM 4: Cu BOTTOM, 3.2 mm FR4, Cu TOP, Prepreg and Kapton, DLC, pillars and mesh 

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025
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TDR measurements

Detector strip line plus routing line 
measurement

DC resistance compensation applied (LOSS 
compensation): 0.15 Ω/mm

Example of 4 identical ITEM 1 measured
impedance

Raw data

Compensantion
applied

Probe lenghtProbe connection 

Probe surface
contact with 
the line

End of the line

Transition
between the 
two lines size

Routing line 
impedance

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

The goal of the TDR measurement is to determine
the characteristic impedence of the singular
elements of the readout pattern and predict then
the behaviour of the signal fed to the FE
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Signal trasmission study

● Ionization and gas amplification modeling

○ Micromegas detector working principle
○ Gas multiplication mechanism
○ Signal induction on the anode

● AMBER Large-area MicroMegas (LMM) detector simulation 

○ Detector stackup
○ ANSYS HFSS FEM description 

● Signal path modeling

○ Signal path description and simulation
○ TDR impedance measurements 
○ SPICE modeling

SPICE model build up on signal path model in 
terms of capacitance coupling and impedance. 
TDR measurements to extract real elements 
response.

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

Detector

ASIC CSA

ToRA ASIC front-end design 
driven by MPGD and wire 
detector  signals requirements
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Main characteristics:

● Torino Readout for AMBER will be a 64 chs ASIC with a 
fully digital interface at 200 MHz clock frequency

● compatibility with MPGD and Wire chambers

● digital back-end inherited from ToASt ASIC (110 nm 
CMOS) to be adapted for ToRA v1 which will be 
implemented in 65 nm CMOS technology

● The ASIC front-end design development was done 
providing simulated signal with Garfield++ to optimize 
signal amplification and conditioning

● time schedule
■ ToRA v1 submission May 2025
■ ToRA readout chain design first 

GeneSys2 (Kintex-7 based)

Front-end electronics: future ToRA-based FEE 

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

Courtesy of Gianni Mazza internal INFN-
To microelectronics group meeting

ToRA v1 layout

2025.01.13-ToRA_MeetingVLSI.pdf
2025.01.13-ToRA_MeetingVLSI.pdf
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Amplification stage:

● Charge Sensitive Amplifier (CSA)
● Programmable gain: 2,6,8,12 mV/fC
● Both polarities handling using current

buffer with programmable inversion

Front-end electronics: future ToRA-based FEE 

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

Shaping stage:

● 3rd order shaper 
● Programmable peaking time: 25,50,150 and 250ns

Discriminator stage:

● Double threshold signal detection
● Peak detector 
● Peak holder for ToT measurement 

(charge)

Courtesy of Gianni Mazza internal INFN-To microelectronics group meeting

❖ Common time stamp distributed to all channels 
❖ 3 data register for time acquisition 
❖ 2 configuration registers
❖ Data output in 32 bits words over 200 Mb/s serial links 
❖ It can be configured to use 1 or 2 links 
❖ Frame lenght : 20.48 µs at 200 MHz

→ Front-end

→ Back-end
Courtesy of Gianni Mazza internal INFN-To microelectronics group meeting

2025.01.13-ToRA_MeetingVLSI.pdf
2025.01.13-ToRA_MeetingVLSI.pdf


Conclusions

▪ LMM detector for AMBER: 

✓ Design and production of the first full size lateral module 
prototype

Not covered in this talk…
✓ First tests in AMBER experimental hall EHN2 at CERN

• Validity of the mechanical elements
• TIGER-based DAQ infrastructure
• cooling system
• data transmission proven

o Complete characterization of the detector ongoing
✓ Strips capacitance measurement
o Grounding enhancement studies
o Test with VMM-readout at GDD lab @ CERN
o Design of the final mechanical suspension structure

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025
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▪ Signal transmission study: 

✓ Garfield++ simulations
o ANSYS HFSS FEM detector simulation
✓ Signal transmission emulator PCB design
o Signal transmission emulator PCB test ongoing 

▪ ToRA V1 ASIC:

o Front-end architecture definition final phase
✓ Back-end and data structure defined
o TSMC 65nm submission foreseen May 21°
o R/O chain design to be start soon with the support of INFN-

Torino electronics workshop

→ Summary and next steps



Thanks for your attention!
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Stackup  

X shielding and connector layer : 35um copper

-3.2mm Glass epoxy

X strip layer : 35um Copper

-50um Prepreg

-50um Kapton

X DLC layer

-pillars 150um

X mesh: 45/18

Drift gap : 5mm

Drift PCB: 500 um glass epoxy, 17 um Cu

Drift gap: 5mm

UV mesh: 45/18

-pillars 150um

UV DLC layer

-50um Kapton

-50um Prepreg

U layer: 35um Copper

-28um Prepreg

V Layer: 17um copper

-3.2mm glass epoxy

UV bottom shielding and connector layer: 35um copper

material Density 

[g/cm^3]

radiation 

lenght (from 

PDG) [mm]

Cu 8.96 14.36 

Glass epoxy 1.98 159.3*

Prepreg 1.47 354.9*

Kapton 1.42 285.7 

photoresist 1 340.7 

DLC 3 121.3 

Stainless 

steel

7.93 14.22

C. Alice - MM stackup weight and X0 - 17/10/2024

LMM lateral module detector prototype stackup

* from Radiation length of the ALICE TRD

~500V

~500V

-300V

-300V

resistive X

resistive UV

drift 

X

drift 

UV

https://www-physics.lbl.gov/~gilg/PixelUpgradeMechanicsCooling/Material/Radiationlength.pdf


material Density 

[g/cm^3]

Cu 8.96

Glass 

epoxy

1.98

Prepreg 1.47

Kapton 1.42

photoresist 1

DLC 3

Stainless 

steel

7.93

● Cu: 

SHIELDING x2: (0.0035*100*51.2)*2 cm3 = 17.92*2 cm3 

X strips: (0.0035*100*25.6)cm3 = 8.96 cm3 

U strips: (0.0035*100*32)cm3 = 11.2 cm3 

V strips: (0.0017*100*32)cm3 = 5.44 cm3 

Total copper = 550.5 g 

● Glass epoxy: 

x2 (0.32*100*51.2)*2 cm3 =1638*2 cm3

Total glass epoxy = 6486.5 g 

● Prepreg: 

x2 (0.005*100*51.2)*2 cm3 = 25.6*2 cm3 ; 

x1 (0.0028*100*51.2)cm3 = 14.336 cm3

Total Prepreg : 96.338 g

● Kapton:   

x2 (0.005*100*51.2)*2cm3 = 25.6*2 cm3

Total Kapton: 72.704 g

● Photoresist (uniform layer approx): 

x2 (0.0150*100*51.2)*2 cm3= 65.536*2 cm3

Total photoresist: 127,072 g

● DLC: 

x2 (0.01*100*51.2)*2 cm3 = 51.2*2 cm3

Total DLC: 307.2 g 

● Stainless Steel (uniform layer approx): 

x3 (0.0018*100*51.2)*3 cm3 = 9.216*3 cm3

Total SS: 219.25 g 

Total mass first estimation: 7.812 kg

LMM lateral module detector prototype weight

X shielding and connector layer : 35um copper

-3.2mm Glass epoxy

X strip layer : 35um Copper

-50um Prepreg

-50um Kapton

X DLC layer

-pillars 150um

X mesh: 45/18

Drift gap : 5mm

Drift mesh : 45/18

Drift gap: 5mm

U.V mesh: 45/18

-pillars 150um

U.V DLC layer

-50um Kapton

-50um Prepreg

U layer: 35um Copper

-28um Prepreg

V Layer: 17um copper

-3.2mm glass epoxy

U.V bottom shielding and connector layer: 35um copper

C. Alice - MM stackup weight and X0 - 17/10/2024
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material Density 

[g/cm^3]

radiation 

lenght (from 

PDG) [mm]

Cu 8.96 14.36 

Glass epoxy 1.98 159.3*

Prepreg 1.47 354.9*

Kapton 1.42 285.7 

photoresist 1 340.7 

DLC 3 121.3 

Stainless 

steel

7.93 14.22

LMM lateral module detector prototype X0 calculation

Radiation length in composite materials:
wi and Xi are the fraction by 

weight and the radiation 

length for the i-th element

X shielding and connector layer : 35um copper

-3.2mm Glass epoxy

X strip layer : 35um Copper

-50um Prepreg

-50um Kapton

X DLC layer

-pillars 150um

X mesh: 45/18

Drift gap : 5mm

Drift mesh : 45/18

Drift gap: 5mm

UV mesh: 45/18

-pillars 150um

UV DLC layer

-50um Kapton

-50um Prepreg

U layer: 35um Copper

-28um Prepreg

V Layer: 17um copper

-3.2mm glass epoxy

UV bottom shielding and connector layer: 35um copper

Radiation length  (avoiding pillars)

● FR-4  (PCB): 6.4/159.3 = 0.04

● Cu:  0.0157/14.36 = 0.001

● Prepreg: 0.0128/354.9 = 0.00004

● Kapton: 0.01/285.7 = 0.000035

● DLC: 0.002/121.3 = 0.00002

X0 ≈ 4 %

C. Alice - MM stackup weight and X0 - 17/10/2024
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• AMBER MWPC stations are structurally aged. During last years we carried out a
refurbishment campaign for MWPC-PB type.

• For AMBER mid and long-term program we decide to substitute a part of the
MWPCs (PA-type) with a micromegas detector.

micromegas working principle

MICRO-MEsh GAseous Structure

1.2 m x 1 m

BACKUP : Large area micromegas project: detector development
Detector development motivation:

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025



Backup slides: DY test run 
For Drell-Yan test run (2026) definitive suspension structure + FEE should be finalized:
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DAQ still not defined, we are at the stage of stand-alone 
readout chain design. AMBER integration to be defined.

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025



30.01.2025
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Torino Readout for AMBER (ToRA) ASIC

• MPGD and Wire detectors compatible

• Target specific application

• Reuse existing solutions

• 2 step design

550

• Limited complexity

• 65nm

Chiara Alice - 61° International Winter Meeting on Nuclear Physics - 30.01.2025

Courtesy of Maxim Alexeev HEPNP2025

2025.01.13-ToRA_MeetingVLSI.pdf
2025.01.13-ToRA_MeetingVLSI.pdf
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