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TREX-DM

Detector to search for low-mass WIMPs.

High Pressure Gas Time Projection Chamber (HPTPC):

e active volume ~ 20 L.

Requirements - TREX-DM prospects:
* Light nuclei as target - Ar/Ne + Isobutane
* Very low energy threshold - < 100 eVee
* Ultra-low background - < 10 dru (c/keV/kg/d )

Using novel Micro-MEsh GAseous Structure
(Micromegas) readouts. 2 readouts, 1 cathode.

Located at the Canfranc Underground Laboratory:
e ~2400 m.w.e
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Microbulk Micromegas

Absolute gain ~ 103-104

* Micromegas are a consolidated technology for TPC readouts. RS resolution - 10.2006
esoliution -

e Advantages of the Microbulk-mM: S HY,
* Topological information: to discriminate background from . \ Conversion gap _
expected DM signal. ) A\ a g >
.................................. Micromesh _____ —

* Low intrinsic radioactivity: kapton and copper. e St E
§ Amplification gap §

* Good energy resolution: ~ 10-20%

* Potential to reach low energy threshold.

I Readout strip

* Two Microbulk-mM readouts: the largest surface

North
saon0 Envis 2005661 (~ 25x25 cm?) ever produced with this technology.
T « 512 channels: 256 X strips, 256 Y strips, ~ 1 mm
= 15% FWHM pitch.
20000 @22keV
- * Flat cables to extract the signals and connectors
Enerey (el made of radiopure material (FaceToFace).
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Installation at LSC.

Experiment chronology

Commissioning
and data taking
with Ar & Ne.

High background
(600 dru). 222Rn
from gas filters.

New Micromegas
installed.

Threshold ~ 1 keV

Background
reduce to 80 dru
(open loop)

Relocation and
commissioning at
LAB2500.

Same Alpha
background.

GEM+MM test at
Zaragoza.

Main challenges:
* Energy threshold
* Background level

* @Gas sensitivity increase

GEM+MM
installation in
TREX-DM.

Threshold ~ 20 eV

Cathode replaced,
still contaminated.

GEM commisioning
efforts.

Ar & Ne opperation.

Major intervention
- Wire cathode

- New field cage

- GEM replaced



Preamplification stage: GEM + MM

It allows higher gain = increase signal-to-noise ratio.
e Small microbulk mM @1-10 bar (x100 to x10)

* 25x%25 cm? microbulk mM @1bar (x100)

Vcath

.

Castel Pablo JF et al., Open Res Europe, 2025
doi.org/10.12688/openreseurope.19258.2

Energy threshold reduction
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Counts
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https://doi.org/10.12688/openreseurope.19258.2

Pérez O. et al., 2025 arXiv 2510.05877
Energy threshold reduction

GEM + MM installed in TREX-DM:

Demostrates x20 amplification during
opperation in Ar+1%iso at 1bar.

Low-energy calibrations:

Understanding of the detector’s behavior and the energy
reconstruction at those energies - need for a low-energy

I Vmesh =295V

Q . q 9 - Vgem = 280 V
calibration with high statistics. 22
ztr W Vmesh =295V
v
~ E | Vgem=0V
e 37Ar (2.82 keV, 0.27 keV) g 1of [ 282kev n
B E_ wo GEM
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https://arxiv.org/abs/2510.05877

Background level

5 1800 |ow-gain (alphaS)

Background model simulation = ~10 dru

>

Rn issue:

* Filters in the gas system (H,0 and O,)
* LE and HE runs in seal mode - Rn + constant component
- Before Rn decay (0-50 keV) - 600 dru

- After Rn decay (0-50 keV) = 100 dru

- Open loop, surface contamination (?1°Pb) = < 80 dru

Dominated by the contamination on the cathode surface?
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Gas composition

Incrementing presence of H (iC,H,,)

Recoil spectra m=0.1 GeV Recoil spectra m=1 GeV Recoil spectra m=10 GeV
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Sensitivity prospects
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Vessel & gas system

Vessel:
- Cylindrical vessel made of copper (cleaned with nitric acid and demineralised water, passivated with citric acid).
- Designed and certified to operate up to 10 bar.

Field cage ____ Lastring

Gas system:
- Consisting of recirculation part + purification branch
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Shielding

5 cm copper + 20 cm lead DAQ outside the shielding  Neutron shielding: PE ceiling + water tanks

2 2, =

| PEblocks
[ —
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Micromegas readouts

BULK
Robust
Mature

Very large
areas available

(2 m?)

*‘MICROBULK
Higher
- homogeneity
TRZEDX Light weight,
radiopure

Beyond
microbulk?

Microfabricate
d Micromegas

Readout plane + mesh all in one Woven Inox
mesh 30 ym
| i [ | I I [
I__“ ::IJ I ’j ~ " vacrel 128
I I | | [ | | | um
Readout
pads
Micromesh
Readout plane + mesh all in one 5um copper
TITITONNNTNINTNONDT — canconnm
See for details: Readout pads

JINST 5 (2010) P02001

Started development with CNM

Micromegas structures with Si-wafer

microfabrication techniques...

Higher Flexibility & precision in geometrical parameters
Better tailored to application...



Microbulk Micromegas

« Made out of copper & polyimide (kapton)

« potentially very radiopure

« High gap homogeneity
« good energy resolution

« Stability/homegeneity in response SN

de Oliveira’s
workshop at CERN

] Double side Cu-coated (5 um) Kapton foil (50 um),

L ! Construction of readout strips/pads (photolithography)
]
L = ' Attachment of a single-side Cu-coated kapton foil (25/5 pm)
copper E - |
o " Construction of readout lines
f— ]
kapton i T T == Etching of kapton
coppe bt e e ] Vias construct;
X [um] ias construction
—=T =="T =% 2" Layer of Cu-coated kapton
See for details: —— — — Photochemical production of mesh holes
JINST 5 (2010) P0O2001 P _______
=" = Kapton etching / Cleaning
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 Mirallas Readout electronics

« AGET-based system: self-trigger, allowing to trigger the Micromegas 1 Micromegas 2
- agw - - l I
acquisition from the strips signals — —
‘ 11

« Two Front End Cards (FEC), with 4 AGET chips each, read out (Sioosy  [Fonies) | f6emine
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 STy Gp'm GDIE = Ql =
synchronization board (Trigger Clock Module, TCM). The TCM - — switch
distributes a common 100 MHz reference clock and the trigger to all
the FECS Support and 5Vin  TCM cable

Event 1D 289754 Event ID 289754 cooling pate
Ethernet
5 @ . DAQ cable Feminos
o | a0 30 . - cables
80077 4
600 [
400— % | M
200 ::
L Ethernet
C . \ s0}- -(1 DAQ cable
OQNJ‘»_‘WJHOO S R ;5' ;0‘ ‘;ﬁ o 5'0 R b is ;n" 21, Feminos card (top) TCM card
time bins X-axis (mm) Y-axis (mm) FEC-AGET (bottom)
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Credit:
O.Pérez

Background status: Rn issue

* Internally emanated Radon is the main source of background (removing it takes us from

~600 dru down to ~100 dru in the 0-50 keV range)

. A lot of effort put into removing it from the system:

Trying with several commercial filters

Testing 5A molecular sieves (we found out they do trap Rn, but emanate more
than Agilent filters, best commercial filters we have)

Testing a custom-made 02+H20 filter developed by the University of
Birmingham with low-emanation materials (ongoing collaboration with NEWS-
G)

Testing activated carbon filters

Open-loop operation bypassing the filters and the recirculation pump

* Rn progeny surface contamination may well be responsible for the rest of background not

accounted for in our background model

« A program to identify alpha surface contaminations + its mitigation is ongoing

19/11/2025
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Credit:
O.Pérez

Open loop: no longer a Rn spectrum, only surface contamination

Counts

Y [mm]
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Credit:
O.Pérez

Background level comparison: seal mode in June 2021 vs. open loop

Thresholdintegral_0-50_keV_AllCuts_Fiducial Hitmap_0-50_keV_AlICuts_Fiducial )
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Credit:
O.Pérez
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Surface alphas (Rn progeny)

Reminder: machining of
the Teflon walls led to
reduction of both HE and
LE background counts in
the outer region

> Rn progeny (Pb210)
attached to surfaces
(from past exposure)
produces alpha events,
but also LE events (in
similar proportion)

Y [mm]

22.3 80%: 317.0 keV -

[ conv. e 30.2 keV + Auger e's
1 + 22.0%: x-rays 9.4-15.7 keV
13.7%: conv. e 42.5 keV + Auger e
3.5%: conv. e 45.6 keV + Auger e
_4'3%: y 46.5 keV

58.1%:

Y [mm]

20%: 3 63.5 keV

210B;
100%: B 1161.5 keV

PTFE piece inside field
cage

13844

100%: a 5.3 MeV
206Ph 103 keV
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Background reduction overview

igh LE ' Reduced LE Relocation to Replace cathode Major intervention
background: background to 100 Lab2500 to Copper-Kapton to replace field
600 dru dru (open loop) cage

Same alpha Cathode still

Dominated by New Micromegas background levels contaminated New wired cathodg
222Rn from the installed installed

gas filters

Low-gain runs (alphas) Nominal-gain runs (low energy) —

co=31%1clh

¢, =20 %1 clh
t1/2= 3.3x0.1d

t1/2= 3.770.11d

S

| | [ Smas -
06/05 13/05 20/05 27/05
Date/Time

I | !
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Background reduction overview

<2022 2022 2023 2024 2025

» Reduced LE
background to 100
dru (open loop)

= New Micromegas
installed

37t LSC Scientific Committee
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Background reduction overview

<2022

2023 2024 2025

= Relocation to
Lab2500

= Same alpha
background levels

Hitmap_TrackOrigin 670 € / d ay

Br e . 8 &0 ) KR
RV i v ey 58 A))
R S O P NN~
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Background reduction overview

<2022 2023 2024 2025

» Replace cathode
to Copper-Kapton

= Cathode still
contaminated

Hitmap_TrackOrigin 670 € / d ay

“1720°¢/day o
AT

37th LSC Scientific Committee



Background reduction overview

<2022 2023 2024 2025

= Major intervention
to replace field
cage

= New wired cathode
installed

37th LSC Scientific Committee 27



Background reduction overview

Eigt LE " Reduced LE Relocation to Replace cathode Major intervention
ackground: background to 100 Lab2500 to Copper-Kapton to replace field
600 dru dru (open loop) cage
Same alpha Cathode still

Dominated by = New Micromegas background levels contaminated New wired cathode
222Rn from the installed installed

gas filters




High energy background after intervention

» | ess overall alphas
o Less teflon in the new field cage

= Same fiducial area rate PRELIMINARY

TrackOrigin 600 C/day
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High energy backgroun

C

AlphaCAMM

= Tests with wired cathode do not support the
superficial contamination hypothesis

= Measurements with thoron emanator source

HV cathode
-2000 V

Cathode

— window
| NTANNAN NN

=
VA V]

HV Mesh

TPC

VA VI

T Egeia
~150 V/em

77V,
=

a
20V [} Mi ‘\\\\
icromegas
7 ]—- ----- acromegas N . ; )
- 2 //

© 0 0 0 0 0 0 0 o 11

0 0 0 ©0 0 o o o o

Readout
plane (anode)

= First tests with silver-zeolite filters
o x10 reduction after flushing with 22?Rn source
o Improving the setup

107
101
10°§
10714

1033

Campaign 2 - Silver-zeolite

Background Radon decay Quality cut
Radon diffusion Trap open 214pg cut
B
|| x10%1
X I
1 2 3 5 6 7
Time [s] x10°

eduction

arXiv:2505.0/97/9
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https://arxiv.org/abs/2505.07979v1

End of 2025

= Commissioning and
assessment of the
Intervention improvements

= Operation with Ne+2%iso

= Gas system upgrades for
the use of flammable gases

Future plans

= Completion of neutron
shielding

= Physics run with
Ne+2% isobutane or
more if possible

* |mplementation of

silver-zeolites filters

37th LSC Scientific Committee

» Extended data-taking
at higher pressure
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