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Phase-2 proposal in preparation 
Post LS4 ->

Apparatus for Meson and Baryon Experimental Research (AMBER,NA66)

Presently 32 institutes 
from 14 countries, but 
there is no upper limit 
on the values.
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Beam Target Additional hadware

Antiproton production 
crosse section

50 GeV – 280 GeV 
protons

LH2, LHe Liquid He target

Proton radius 
measurement

100 GeV muons High pressure 
Hydrogen

Active target TPC, 
tracking stations 
(SciFi,Silicon) 

Drell-Yan measurement 
with pions

190 GeV charged pions Carbon, Tungsten Vertex detector

Drell-Yan measurement 
with Kaons

~100 GeV charged 
Kaons

Carbon, Tungsten Vertex detectors, 
“active absorber”

Prompt photon 
measurement

> 100 GeV charged 
Kaon/pion beams

LH2, Nickel hodoscopes

K-induced 
spectroscopy

50 GeV – 100 GeV 
charged Kaons

LH2 Recoil ToF forward PID

Meson radii 50 GeV to 280 GeV 
charged pions and 
Kaons

2023 -> 2032

Beyond LS4

AMBER program

Phase 1
(approved)

Phase 2
(in preparation)

Done (2023 – 2024)
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AMBER APXs 
(2023-2024)

Minimum bias trigger: beam trigger with veto on non-
scattered beam particle

Oct 2022 
1 week 
Test run

APXS

May-July
2023 

Physics
APXS

May-July
2024

Physics
APXS

p + He → തp + 𝑋

p + H → തp + 𝑋
p + D → തp + 𝑋

Antiprotons arise from spallation processes and possible DM 
decays. Their flux interpretation needs good parametrization 
of the standard production in the typical occurring reactions.

J. Heseig , 
MIAPP2022

The major uncertainties in the current  antiproton flux interpretation stem from the poor knowledge of the antiproton 
production from prompt reactions (mainly p+p and p+He) and from antineutron decays.
AMBER collected data at different collision energies ( 𝑠𝑁𝑁 = 10.7 – 21.7 GeV) to precisely measure p+He, p+H and p+D.



AMBER PRM 
(2025/2026)

• Test of lepton universality

• Different systematics compared to others

Missing: muon-proton with Eμ of 10 - 100 GeV

Proton Radius Measurement @ AMBER

• Aimed precision of charge-radius below 1%

• Aimed Q2-range: 0.001 GeV2/c2 to 0.040 GeV2/c2

Proton-radius puzzle
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AMBER DY (post LS3)

Pion structure in pion induced DY

Expected accuracy as compared to NA3

Sea quark content of pion can be accurately measured

at AMBER for the first time 

AMBER

Probing valence and sea quark contents of pion at AMBER
Expected statistics 8 to 20 times higher than available
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AMBER DY (post LS3)

Pion structure in pion induced DY

Expected accuracy as compared to NA3

Sea quark content of pion can be accurately measured

at AMBER for the first time 

AMBER

https://indico.cern.ch/event/1459380/ 

https://indico.cern.ch/event/1459380/
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Why we work on the MM project

❖ In the present AMBER setup one of the main tracker are the MWPC stations 

✓ Triggered DAQ ❑ Trigger less DAQ

✓ Degraded detectors

✓ Limited Team

❑ Maintenance available for a long period of time

❑ Collaboration between, experts, ASIC teams and 
CERN MPT & GDD workshops

Reasonable situationPresent situation
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Decided path to the future

COMPASS MWPCs 
possible path to 
the future

Good

BAD

New detectors

New FE

FPGA based

New ASIC

New FE

New ASIC

Existing detectors

Trigger less 
DAQ (2025)

After 2024Till 2024
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Base requirements

➢ To reasonably match the existing MWPCs

MPGD to substitute it?

➢ To see if we can be better at low cost 

c
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Micro Pattern Gaseous Detectors Micro Mesh Gaseous Structure 
aka Micromegas aka MM

Classic Resistive
Floating Bulk
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1,5 m

1 m

~60 cm

Concept design 1

Reduce the material budged?

✓ Common cathode configuration

Spark reduction?

✓ Resistive configuration

Technology limitation?

✓ Staggered detector configuration

No thick frame allowed in the acceptance?

150 um

5 mm

DLC, 10 MΩ/
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Concept design 2
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➢ 2 types of modules

➢ common cathode



Lateral module prototype design

29/01/2025 Bormio 2025 | New LaMM and ToRA ASIC @ AMBER 14



Lateral module prototype production
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Lateral module prototype testing
Delivered on 11.10.24

Mechanics for transport and suspension mounted 
11.10.24

Transported and installed in the AMBER experiment
12.10.24

HV stability verified by MPT workshop experts
17.10.24

We express our gratitude to MPT and GDD labs colleagues and all the community that supports us in the task

325V cathodes planes
450V resistive layers 

resistive UV ~5nA
resistive X    ~7nA
drift UV        ~1,5nA
drift X           ~3nA
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Lateral module prototype testing

2024

➢ High Voltage stability

➢ Noise performance & shielding optimisation

➢ First data (beam/cosmics)

➢ Compare ArCO2 (93/7) and ArCO2Iso(93/5/2)

2025

➢ We will have our parasitic setup in the AMBER 
spectrometer for the whole beam period

➢ We need to achieve a stable operation/understand the 
problems before starting the layout of the Central module

➢ First test with the ToRA ASIC
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HV res 2

HV res 1

HV drift

GND

GND

Glimpse of the first operation 1
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HV res 2

HV res 1

HV drift

GND

GND

Glimpse of the first operation 1
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Glimpse of the first operation 1

Gain operation observed

HV res 2

HV res 1

HV drift

GND

GND
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Glimpse of the first operation 1

Gain operation observed

HV res 2

HV res 1

HV drift

GND

GND
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Glimpse of the first operation 2
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Glimpse of the first operation 2
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 2

Counts above 
threshold 
over a fixed 
time interval
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Glimpse of the first operation 3

Threshold interval for 
detector operation

Baseline • Data tacking possible 
only possible on the 
short strips

• Unexpected behaviour 
to be understood and 
corrected
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Glimpse of the first operation 4

We must update the ASIC design features

Why we see such a behaviour
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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
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Conclusions

➢ Detector prototype is under test

➢ ToRA v1 ASIC design is optimised 
on the base of first detector tests 
and being prepared for submission

➢ Signal propagation and detector to 
FE coupling study ongoing

➢ First successful powering achieved



Spares
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• Common time stamp distributed to all channels

• 3 data register for time acquisition

• 2 configuration registers

• Threshold and discharge current fine tuning

ASIC structure
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Under revision
03.2025
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ToRA is preparing to go silicon
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Glimpse of the first operation 2
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Glimpse of the first operation 2
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Glimpse of the first operation 3



➢ Charge Sensitive Amplifier

• Fours gains : 2,6,8 and 12 mV/fC

• Possibility to accept inputs from both polarities

➢ Shaper

• 3rd order, one real and two cc poles

• Programmable peaking time : 25, 50, 150 and 250 ns

➢ Double threshold signal detection

• Lower threshold for time measurement, higher threshold for validation

• Peak detector signal

• Peak holder for charge measurement (via ToT) 

• Linear ToT measurement under evaluation

Analog part (single channel)
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Under revision
03.2025



250 ns

25 ns
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Main ideas

• As simple as needed

• Based on existing design

• Tuned to limited use cases

Design in 2 steps based on feature set

V1 (2024) V2 (2025)

Limited flexibility

Power may not be optimised

Mostly full backend

Complete single channel structure

Implement MPGD+Wire

Power tuning (moderate)

Inter channel commutation

Time resolution???

43

• Trigger less
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Concept design

• Micromegas based detectors

• Reduced material in the acceptance

➢ Full size lateral module prototype in autumn 2024

➢ Full size central module prototype in autumn 2025/2026

• Not exceeding the base PCB technology sizes

Very tight schedule Reduce the R&D 
time and risks

• Reproduce the aged MWPCs performance

• Eventually add a pixel centre to cover the whole surface

learning
MPT workshop

(CERN)

2022 20232017 2020

?

?
?

?

?

2024

Reshaping the project

44
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How do I fit this?

There

Some moments later

One needs to ask 
a true engineer



Motivation

AMBER upgrade General use

MWPC, Drift
STRAWs

MPGDsMicromegas, GEMs?

Wire

MPGDs

+ Non 
Torino Wire 
detectors

+ needed new vertexing MM?
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ToRA (Torino Readout for AMBER) ASIC development remark

• The design approach seems to be agreed

V1(sub. 2024) – base features set targeting the MM

V2(sub. 2025) – extended features set for MM + Wire (time+charge)

➢ Main idea to have a fully digital relatively simple ASIC adapted to the MPGD and Wire detectors

• We have some ~2  mouth delay due to the decision taken in 
June to change from 110 nm node to the 65 nm

• Presently the submission is expected for 11.2024

• Characterization DAQ manpower has been allocated

• Delivery expected in 01.2025

Any contribution interest to test is welcome, pls. contact us
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Risultati immagini per cern logo

AMBER Phase-1 running plan
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Milestones:
1. May 1st 2023, 2024 – Antimatter production Run (Std. DAQ)
2. Sep. 1st 2024 – PRM Test  (FriDAQ, very limited setup)
3. June. 1st 2025 – PRM Pilot  (FriDAQ, limited setup)
4. May. 1st 2026 – PRM Physics  (FriDAQ, PRM setup)
5. Sep. 1st 2025, 2026 – DY Test  (FriDAQ, all trackers + mu id)
6. May 1st 2029/30 – DY Run (FriDAQ, full Drell-Yan setup)

Long Shutdown 3

Approved AMBER Phase-1 Program:
AXS: 4 months
Drell-Yan: 2 years
PRM: 1 + 1 year (conditionally)

https://www.google.com/search?q=cern+logo&client=firefox-b-d&channel=crow5&sxsrf=APq-WBvMSFlY0sjrxUHXljfRGYfeJsM1nw:1648640496271&tbm=isch&source=iu&ictx=1&vet=1&fir=OCosYJXo5RtluM%252CZUNhRJvhpog4bM%252C_%253BL4jNB0bzOl6fIM%252CeoyQSKIWwbaIZM%252C_%253BqgxT7HTe7lZiaM%252C3fc_8Du35QM9sM%252C_%253BG1p1-5OLtrtKkM%252C45X8Rz69RDhkVM%252C_%253BSb2Hf0Djzp1BvM%252CDuszXcbc6d4TtM%252C_%253BsHiaRpU3iog0gM%252CaALIXe9CKKRmuM%252C_%253B9fxYR6HQCnoHEM%252Ch5m6tc6PRtq0eM%252C_%253B9xMx5lFm7dt7SM%252C6PnkxXC5NIhJDM%252C_%253BUrQCf4Ylb3C4nM%252C6Tu1dz2RYoMCXM%252C_%253BtQ7mumN8VSNk6M%252Cci-q8QfUcHqucM%252C_%253BQWrK3kpgJZTlQM%252C8TMzDXj1nCwn5M%252C_%253B31V1ck49PpPbiM%252Cttwuj-XIr0nT0M%252C_%253BLQKPdHctaSi9cM%252Cl-6M90AjEsRI_M%252C_&usg=AI4_-kTjkc7VlCmYOeGVuGYLanIadt3KBw&sa=X&ved=2ahUKEwj1v5G54O32AhUPiv0HHfL-A6cQ9QF6BAgYEAE#imgrc=G1p1-5OLtrtKkM


Risultati immagini per cern logo

LHC and Injectors (PS, SPS) long term schedule 
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