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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.

AMBER experiment:
SPS, North area, EHN2 hall

Physics program before LS3

➔ Antiproton production cross-section for 
indirect dark matter search (APXS)

➔ Proton charge-radius measurement 
(PRM)

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

The Apparatus for Mesons and Baryons Experimental Research

AMBER experiment at CERN
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AMBER spectrometer

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

~50 m

AMBER experiment at CERN
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Torino group is responsible for the Multi-Wire 
Proportional Chamber (MWPC) tracking stations.

Part of the MWPCs will be substituted by Micro-
Pattern Gaseous Detectors (MPGD) to face their 
structural aging.

AMBER experiment at CERN

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

AMBER spectrometer

Chiara Alice TIPP 2026 | Technology & Instrumentation in Particle Physics 02.02.2026Chiara Alice 02.02.2026 5/16TIPP 2026 | Technology & Instrumentation in Particle Physics



micromegas working principle

MICRO-MEsh GAseous Structure

1.2 m x 1 m

AMBER’s tracking stations upgrade: LMM detector project
Large-area Micromegas detector project: motivation

➔ AMBER MWPC stations are structurally aged. During last years we
carried out a refurbishment campaign for MWPC.

➔ For AMBER mid and long-term program we decide to substitute a part
of the MWPCs with a resistive bulk micromegas detectors.

In the context of AMBER’s spectrometer
upgrades several detector technologies
will be employed to enhance tracking
performances and rate capability
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UV-coordinate R/O plane

X-coordinate R/O plane

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 independent module is a bulk resistive
micromegas in a «face-to-face» configuration

Large-area MicroMegas detector development
Detector design and production

512 strips 
1mm pitch

750 um width
4 FEBs: 512 fe channels

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

LATERAL MODULES

CENTRAL MODULE
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Micromegas detector assembled

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

Mesh electrode high: 150 um 

Large-area MicroMegas detector development
Detector design and production

Mechanical design and development

PCB design and production

DLC deposition

Bulkage process
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Large-area MicroMegas detector test campaign
First test at AMBER in 2024

Test area 

downstream SM2

✓ HV stability tests
✓ Test facilities validation
✓ Cooling system validation
✓ Mechanical elements validation
✓ TIGER[6]-based DAQ infrastructure adapted for AMBER’s LMM
✓ Detector strips capacitances investigation

X strips
210-250pF

U strips
30-520pF

V strips
28-450pF

Chiara Alice TIPP 2026 | Technology & Instrumentation in Particle Physics 02.02.2026Chiara Alice 02.02.2026 10/16TIPP 2026 | Technology & Instrumentation in Particle Physics



Large-area MicroMegas detector test campaign
First test at AMBER in 2024

➔ Limited RO capability (6 FEBs)
➔ Only shorter strips of UV considered
➔ Spill-structure visible in longer strips 

hit rate, charge distribution and in 
cluster rate
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➔ X-plane not tested due to noise level 
GND configuration studies @UniTo allowed us to repeat the test of the X plane in 2025



Large-area MicroMegas detector test campaign
Beam test at AMBER in 2025

➔ Extended TIGER-based setup
➔ Lateral module X-plane readout achieved
➔ UV-plane short → not tested with Ar/CO2/iC4H10
➔ LMM + PADDY400[13] tracking system 
➔ ToRA-based readout first test

PRELIMINARYPRELIMINARYPRELIMINARY

PRELIMINARY
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…see Kacper’s talk
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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: ToRA-based readout

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

❖ Event driven (no trigger)
❖ 4 data registers for time acquisition
❖ Two 32-bit words per event (one in Le/Te mode)
❖ Data output sent over 200 Mb/s serial links 
❖ Frame lenght : 20.48 µs at 200 MHz

Ҧ CǊƻƴǘ-end

Ҧ .ŀŎƪ-end
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Front-end electronics: ToRA-based readout
● First “Blind” data acquisition

○ X : beam and off-beam
○ U : off-beam
○ V : off-beam
○ PADDY : off-beam

● Data taken in Le/Te mode
● First data decoding ongoing

DAQ PC
Genesys2

FPGA
Breakout board 
(INFN Bologna) AMBER ToRA FEB 

(INFN Torino)

ToRA ASIC
(INFN Torino)OFF 

spill
ON 
spill

PRELIMINARY

PRELIMINARY
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Conclusions

Large-area MicroMegas detector development project

AMBER experiment upgrade program

Torino Readout for AMBER ASIC development

For AMBER-DY (post-LS3) program
First prototype of the lateral module designed and produced in 2023-2024
Test campaign started in 2024 with several readout 
LMM first prototype HV stability issue investigation at MPT @ CERN
More prototypes tests and central module production expected during 2026

Designed and produced in 2025 
First characterization and tests in 2025 -2026
Stand-alone DAQ system development ongoing
Integration with AMBER’s FriDAQ (during-LS3)

From triggered to streaming data acquisition system 
● data concentrators, storage and processing development
● trigger-less/self triggered front-end electronics development for all detectors → ToRA ASIC development

Several detector technologies will be upgraded → LMM detector project
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Thanks for your attention!
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AMBER experiment at CERN 

AMBER Physics program Phase-I

ǒ Antiproton production cross-section for 
indirect Dark Matter search (APXS)

ǒ Proton radius measurement (PRM)

ǒ Drell-Yan processes for Kaon and Pion 
PDFs (DY)

AMBER experiment at CERN
DARK MATTER: 
Introduced at beginning of 1900s
Discrepancy between astrophysical data and theoretical values of 
rotational velocities of galaxies

Several explanations: 
ǒ baryonic nature
ǒ modified gravity 
ǒ particle models ŸWeekly Interactive Massive Particles

Indirect search:
DM particles annihilate/decay into SM particles 

Antimatter is produced in spallation 
processes between Cosmic Rays 
and the Interstellar Medium

Antiprotons are considered one of 
the golden-probe channels

AMS-02 measurement: (on ISS since 2011)

High precision measurements show tension between
experimental and theoretical pbar flux in [10,100] GeV

Severe uncertainties in theoretical models due to limited
knowledge of pbar production cross section in 
p + pŸ pbar + X  Ÿ effect of DM annihilation?

Experimental measurements at accelerators:

Courtesy of Davide Giordano
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AMBER experiment at CERN 

AMBER Physics program Phase-I

ǒ Antiproton production cross-section for 
indirect Dark Matter search (APXS)

ǒ Proton radius measurement (PRM)

ǒ Drell-Yan processes for Kaon and Pion 
PDFs (DY)

AMBER experiment at CERN
APXS measurement at AMBER:

timeline

energies
year target energy[GeV]

2023 LHe 60,80,100,160,190,250

2024 LH2 80,160,250

2024 LD2 80,160,250

Beam at AMBER:

ǒ Located @EHN2 Ÿ fixed target layout
ǒ 400 GeV/c primary proton beam from 

SPS impinges on production target T6
ǒ secondary beam collected (hadrons, 

muons or electrons) at 60-250 GeV/c
ǒ beam PID: 

two CEDAR (Cherenkov light based) 
detectors

Courtesy of Davide Giordano
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AMBER experiment at CERN 

AMBER Physics program Phase-I

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

ǒ Proton radius measurement (PRM)

ǒ Drell-Yan processes for Kaon and Pion 
PDFs (DY)

AMBER experiment at CERN

PRM beam at AMBER: 

ǒ 100 GeV muon beam
ǒ active-target TPC with high-pressure H2
ǒ high-precision tracking and spectrometer for muon 

reconstruction
ǒ 70 million elastic scattering events in 10-3 < Q2 < 4x10-2 GeV2

ǒ precision of charge-radius below 1%

First physics run planned for this year!

Courtesy of Jan Friedrich
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AMBER experiment at CERN 

AMBER Physics program Phase-I

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

ǒ Proton radius measurement (PRM)

ǒ Drell-Yan processes for Kaon and Pion 
PDFs (DY)

AMBER experiment at CERN

Drell-Yan (DY) physics program:
Aiming at study Pion and Kaon PDFs : π± and K± induced Drell-Yan

Motivation:
ǒ Pion-induced Drell-Yan data collected by NA3, NA10, WA39 

(CERN) and E615 (Fermilab), more than 30 years ago
ǒ Sea and gluon PDFs basically unknown
ǒ Mostly heavy nuclear targets (Pt, W) ᵼ large nuclear effects

AMBER:
ǒ Isoscalar 12C target ᵼminimize nuclear effects
ǒ “+ and “− beams ᵼseparate valence and sea
ǒ important gain in statistics with respect to NA3 (sole 

measurement)
ǒ K+ and K- beams

New AMBER spectrometer
configuration planned after
LS3 for DYmeasurements.

Courtesy of Bernhard Ketzer and Michela Chiosso

AMBER proposal
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AMBER TIGER-based readout chain:

AMBER-micromegas_FE

designed at INFN To

TIGER-based front-end board

Data and Low Voltage Patch 

Card - DLVPC

designed at JINR 

adapter for data and LV 

GEMROC modules

designed at INFN Fe

Configuration and control 

signal distribution

Data concentration 

Local FAN OUT

designed at INFN Fe 

Trigger and clock 

distribution 

LMM test @ AMBER: readout chain

Chiara Alice - LMM test AMBER collaboration meeting - 03.12.2024Chiara Alice - AMBER collaboration meeting - 03.12.2024



LMM test @ AMBER: readout chain
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eFine calibration in SH mode: 
Injecting a know charge pulse one of our FEBs was calibrated (unfortunately not all of 
them since they were in use by the straw team). the conversion factor is shown.

Energy calibration (S&H mode)

Example RUN1 SUB0:
conversion factor (CF) ~0.12; eFine_cut = 150 dgt Ÿ Q=18fC



Cluster analysis
Clustering algorithm: 
based on eFine distributions an energy cut is applied. the hits passing the cut are 
then ordered by time and the algorithm is building cluster if it found hits on adjacent 
strips

Probability of having two hit within 20ns 

(ΔT):

P1 = R ẗΔT = 14kHzẗ20ns = 2.8ẗ10-4

for 2 independent strips:

P2 = (2.8ẗ10−4)2 ≈ 7.84ẗ10−8

Number of 20ns windows in 1s:

Nwin = 5x107

Number of pairs of adjacent strips = 127

Number of casual cluster (not from beam)

Ncasual= NwinẗNpairsẗP2 = 

5ẗ107ẗ127ẗ7.84ẗ10−8≈ 498 cluster/s

rates off-spill : 14kHz
rates ON-spill: 17kHz

New cluster rate 

bug found in cluster building 
algorithm on the edges of 

chunks

700 Hz

1.3 kHz



Large-area MicroMegas detector test campaign
Cosmic rays studies @ University of Turin

➔ Cremat CSA + CAEN NIM 
shaper RO 

➔ Scintillators PMT reference
➔ Cosmic fluxes comparison
➔ Noise improvement allowed 

us to test X-plane in 2025

Cremat amplifier:
fCSA = 1.5 mVƹfC−1

Shaper:
3μs and a gain factor of 20
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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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Large-area MicroMegas detector test 2024
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Large-area MicroMegas detector test campaign
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Large-area MicroMegas detector test campaign
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Large-area MicroMegas detector test campaign
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ToRA ASIC > analog channel 
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