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Motivation and goals

TREX-DM (TPC for Rare Event eXperiments - Dark Matter) conceived to 

• look for low mass WIMPs

• using a gas Time Projection Chamber holding 

• ~20 liters of pressurized gas (flexible target: ~0.3 kg Ar, ~0.16 kg Ne at 10 bar)

• equipped with novel micromesh gas structures (Micromegas) readouts

• at the Canfranc Underground Laboratory (LSC) in Spain

Requirements to search for low mass WIMPs:

– Very low energy threshold (<1 keVee)

– Light elements as target

– Radio-pure components to reduce background

s0
WIMP-n=10-40 cm2

Standard halo, SI
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• Important advantages for rare events detection:

− Topological information: to discriminate backgrounds from expected signal

− Low intrinsic radioactivity: made of kapton and copper, potentially very clean

− Scaling-up

25 x 25 cm2

TREX-DM fabricated at 
CERN

Muon

33

50 μm

5 μm

kapton

copper

copper

Micromegas technology as readout plane
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• Electron multiplication factor: ~103 ~104

• Energy resolution: 10% – 20%
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The largest surface (~25x25 cm2) ever produced with the Microbulk technology.

• Two planes (both end-caps) manufactured at CERN: 256 X strips, 256 Y strips, ~1 mm pitch

• Flat cables take the strips signals out the chamber.

• FaceToFace: A custom made radio-pure connections

25 cm

active 

area

Micromegas technology as readout plane
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Vessel:

• Designed to operate safely at 10 bar, certified as pressure equipment before installation at LSC

• Vessel pieces cleaned with nitric acid and demineralized water and passivated with citric acid

Gas system:

• Consisting of recirculation part + purification branch + gas recovery system (for depleted Ar)

Vessel & gas system
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• 5 cm copper + 20 cm lead

• DAQ electronics outside the shielding

• N2 or Rn-free air is flushed into the plastic cover

• Neutron shielding foreseen: polyethylene ceiling + water tanks  

5 cm copper

20 cm lead

PE blocks
Water tanks

Shielding
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• AGET-based system: self-trigger, allowing to trigger the

acquisition from the strips signals

• Two Front End Cards (FEC), with 4 AGET chips each, read out

the 2 x 256 channels of each micromegas detector. Each FEC is

connected to one Feminos card (FPGA)

• Employing more than one FEC-Feminos requires the use of a

synchronization board (Trigger Clock Module, TCM). The TCM

distributes a common 100 MHz reference clock and the trigger to all

the FECs

Readout electronics

Micromegas 1 Micromegas 2
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Detector chronology

2018

TREX-DM detector 

installed at LSC

2019-2021

Data taking campaigns

with Argon and Neon

June 2022

New Micromegas

installation

Sept 2022 – July 2023

Data taking stopped due

to experiment relocation

July 2023

Commissioning 

at the new site

August 2023 - present

New data 

taking campaign 

to reproduce previous results

2019-2021 period:

• Issues with leak currents and connectivity.

• Initial background level 2 orders of magnitude higher than background model  reduced to 1 order

• Restrictions due to the COVID-19 mainly in 2020.

• 4 interventions in clean room to repair connectivity, leak currents and to try to reduce surface contamination.

• Energy Threshold achieved ~ 1.5 KeVee .
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https://youtu.be/HlbEp_Y8nxQ?feature=shared
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Challenges 
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Main challenges:

• Energy Threshold reduction

• Background level reduction

• Gas sensitivity increase

• Detector stability
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Challenges 

Main challenges:

• Energy Threshold reduction

• Background level reduction

• Gas sensitivity increase

• Detector stability
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2019-2021 Energy Threshold ~ 1.5 KeVee limited by noise, Micromegas gain and trigger efficiency for low energy events

Combined GEM-MM system: 10-100 pre-amplification factor
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Challenges 

Main challenges:

• Energy Threshold reduction

• Background level reduction

• Gas sensitivity increase

• Detector stability
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2019-2021 Background Level ~ 80 dru dominated by pieces contamination with radon progeny

AlphaCAMM: screening alpha surface contamination  100 nBq·cm−2

https://iopscience.iop.org/

article/10.1088/1748-

0221/17/08/P08035

https://iopscience.iop.org/article/10.1088/1748-0221/17/08/P08035
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Challenges 

Main challenges:

• Energy Threshold reduction

• Background level reduction

• Gas sensitivity increase

• Detector stability
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Challenges 

Main challenges:

• Energy Threshold reduction

• Background level reduction

• Gas sensitivity increase

• Detector stability
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New Micromegas already installed. Several issues addressed:

• Connection problems (leak currents [nA] between pads in the footprints & channel loss)

• leak currents between the tracks in the own Micromegas circuit.

• Leak currents between the strips in the active area.

Gas quality

• Outgassing (pumping for days/weeks)

• Tightness (10-6 mbar*l/s Helium test) 

 Minimizing retro-diffusion.

• Virtual leaks (careful design & assembling)

Noise stabilization

• Robust connections

• Screening with aluminum foil & dedicated grounding

• Limitation of devices connected in the laboratory
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Challenges 
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R&D: Riveting & Distressing 

every time a problem is solved a new one appears
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ADDITIONAL  MATERIAL 
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Micromegas technology as readout plane

 New Microbulk Micromegas readouts: the largest surface (~25x25 cm2) ever produced with this

technology.

– Two planes manufactured at CERN and first installed at the Zaragoza set-up in September, 2017. 256 X strips,

256 Y strips, ~1 mm pitch

– Flat cables take out signals from strips and connect to the interface cards out of the vessel.

– Connections at both sides of flat cables made now by special silicone-based connectors (Zebra Gold 8000C from

Fujipoly) checked to be more radiopure.

• Micromegas are consolidated readout structures: 

simple, high granularity, large surfaces

• Different technologies:

– Classical (CAST, COMPASS, ATLAS, …)

– Bulk (T2K, nTOF, MIMAC, …)

– Microbulk: more homogeneous and radio-pure 

(CAST, nTOF , PANDAX-III, …)
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Challenges: Detector stability

New Micromegas already installed. Solved:

• Connection problems (leak currents [nA] between 

pads in the footprints & channel loss)

• Leak currents between the tracks in the own 

Micromegas circuit.

• Leak currents between the strips in the active area.
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Challenges: Detector stability

New Micromegas already installed. Partially solved:

• Connection problems (leak currents [nA] between 

pads in the footprints & channel loss)

• leak currents between the tracks in the own 

Micromegas circuit.

• Leak currents between the strips in the active area.

Gas quality

• Outgassing (pumping for days/weeks)

• Tightness (10-6 mbar*l/s Helium test)  Minimizing 

retro-diffusion.

• Virtual leaks (careful design & assembling)

Noise stabilization

• Robust connections

• Ad-hoc aluminum foil installation & grounded copper 

wires

• Control of devices connected in the laboratory
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Challenges: Background level reduction

Factor ~ 3 of contamination reduction respect to the 

previous Micromegas.

New design on going.

Next step once the background is dominated by the 

vessel activation.

Main challenges in radio-purity of materials:

• Search of clean commercial materials. Large screening programs

• Synthesize clean materials. 

• Control of processes in companies

• Storage in controlled environments
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Prospects & Planning

1. A planning is never fulfilled and people is frustrated

2. First though  very optimistic Second though  optimistic Third???

3. For execution, the most realistic planning. Team people opinion

Discussed and agreed

One person in charge

Updated frequently.
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