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Outline

What, Why and How .. Is TREX-DM
Past and current challenges
Prospects

® 9th Patras at Patras, Sep 2024 Tﬁeopij’ﬁ Dafni CAPA/UNIZAR.



TREX-DM

» Detector looking for low-mass WIMPs

* HP (up to 10 bar), symmetrnical gas TPC

o Active volume of 20L @ 10bar
(~0.32 kg Ar or ~0.16 kg Ne)

« Shielding
o 5cm copper + 20cm lead walls
o Polyethylene ceiling + water

 Located at Laboratorio
Subterrdneo de Canfranc (LSC)
(2400 m.w.e.)

"|Front-end
-~ _electronics
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Purpose and motivation s [ T
« Community interest shifted to low masses (< 10 GeV/c?) ;“"510-2-
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o Verylow energy threshold (< 1 keVee)
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Why Gas TPC?

T-REX: merge MPGD-read TPC + low background techniques

TPCs for Rare-Event searches Micromegas
o Target selection flexibility o Consolidated structures
o Low energy threshold o Microbulk flavour particularly inferesting
o Highly segmented readouts available * Low intrinsic radioactivity
o Access to rich topological information *+ Good energy resolution

* Low energy threshold

/ \ ,,,,, - Topological information
”:p" « Scaling-up

o7 |

Drift Field
(~102kV/em)

Amp. Field
~10*kV/em
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Equipping TREX-DM with microbulk mM

E North
. Biggest microbulk surface built
« Radioactivity Conftrol in process o W
* Energy resolution " @22keV
« Segmentation 512 channels: 256 X strips, 256 Y strips : Energy (keV)
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Building TREX-DM
with the new mM
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https://www.youtube.com/watch?v=HlbEp_Y8nxQ
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What can TREX-DM do?

Probe uncharted area
Offer a new technology

Change target

Exp (kg y) Gas

0.32 Ar-1%Iso
0.32 Ar-1%Iso
0.32 Ar-10%Iso
1.6 Ne-10%Iso




What has TREX-DM done so far?

Some issues came up:
addressed April and July 2024

Data-taking at 4 bar, sealed mode
Connectivity issues with mM

Aug 2023 -
present:

Background level 2 orders higher than expected July 2023: Data-taking for
222Rn Contamination, reduced to 1 order ‘ Commissioning comparison
Sep 2022-July @LAB2500
‘ 2023:
Innacis sy Relocation tasks
A New | | |
2019-2021: Micromegas Site preparation (electrical, gas, crane, ...)
Data taking Chamber transportation and installation
il with Ar & Ne Lead shielding assembling
Installation at HE A
LSC New mM DAQ & SlowControl re-commissioning
Face-to-face connectors Leak tests, ngh VOltage tests

Change of internal components
Open-loop operation
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S0, currently...
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How can it be improved?

 Main Challenges to be addressed
o Energy threshold
o Background level
o Gas composition
o Operation stability
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How can it be improved? (I)

* Main Challenges to be addressed
o Energy threshold

« preamplification volume (with a GEM?)

factors would allow very low energy threshold
(even single electron)

o Big microbulk mM @1bar (x100)
o Small microbulk mM @1-10bar
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How can it be improved? (Ib)

GEM-MM
| in TREX-DM
 Main Challenges to be addressed
o Energy threshold
« preamplification volume (with a GEM?)
factors would allow very low energy threshold
(even single electron) PRELIMINARY

Counts/s
o]
wn

o Big microbulk mM @T1bar (x100)
o Small microbulk mM @1-10bar
(x100 to x10)

o In TREX-DM since July
« Ar lbar, moderate gains
Y irmesshnia EATAT Rl A ot e 0.2
» factor~20

0.4

0.3

Energy (keV)
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How can it be improved? (Ic)

* Main Challenges to be addressed
o Energy threshold

« Low-energy calibrations
o YAr (2.82keV, 0.27 keV )
« Used in XENONIT and NEWS-G
« Gas, volumetric distribution

o Tests at CEA, Saclay with an Am-Be source

Using an Am-Be source
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How can it be improved? (Ic)

* Main Challenges to be addressed
o Energy threshold

« Low-energy calibrations
o YAr (2.82keV, 0.27 keV )
« Used in XENONIT and NEWS-G
« Gas, volumetric distribution

o lrradiation with n beam at CNA, Sevilla
o OCa (n, a) 3Ar

40Ca

A;_a.ﬁ;..
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Counts

First 3 Ar calibration at TREX-DM
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How can it be improved? (Ic)

* Main Challenges to be addressed
o Energy threshold

Ein (eVee) B(dru) Gas
Z 1000 100 Ar-1%Iso
50 100  Ar-1%lso
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How can it be improved? (II)

* Main Challenges to be addressed
o Energy threshold

o Background level
« |nitially dominated by 222Rn, aftributed to the

purifiers
« Switched from sealed mode to open loop: 1Bi 214Po
o 600dru to 100dru  (dru=keV 1 kg day ) o
* June 2022-now: 21084 210pg

! ! {5.01 d) (138 d)
o %2Rn progeny contamination on mylar

cathode surface

EDﬁpb
o Changing to a cleaner cathode estimate: (stable)

1-10dru
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« Main Challenges to be addressed

How can it be improved?(IIb)

o Energy threshold

o Background level
* AlophaCAMM:

screening a surface contamination (2'°Pb)

o Goal sensitivity: 100nBg/cm?

o Excellent tfrack reconstruction identfifies

tracks coming from sample

HV Mesh
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How can it be improved?(Ilc)

Main Challenges to be addressed

o Energy threshold 0
o Background level _ \\ \ \
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How can it be improved? (III)

Mymp = 5 GeV/c?

* Main Challenges to be addressed
o Energy threshold

Rate (c keVee'kg'd
o

o Background level 10%}
o Gas composition improvement 0
- Target change (Ne, Ar depleted +iC4H10) e
* Increasing presence of H Energy (keVee)
Recail spectra m=0.1 GeV Recoil spectra m=1 GeV Recoil spectra m=10 GeV b@
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How can it be improved? (IlIb)

* Main Challenges to be addressed

o Energy threshold 107 ‘\ \ — S
‘ (2019) \
O BOCkgI’OUﬂd |e\/e| CE][}—% \\ i_}{]}l\lll‘slu
o Gas composition improvement : D
« Target change (Ne, Ar depleted) ; 10-38 |
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How can it be improved? (IV)

* Main Challenges to be addressed
o Background level
o Energy threshold
o Gas composition improvement

o Operation stability
« Gas quality
* Noise
» Voltage operations
» Leak currents at detector connections
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EXxposure

o 19% Patras at Patras, \S’eﬁ 2024
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Conclusions

o TREX-DM offers a technology that can be very sensitive 1o low-mass WIMPs
o Confinuous R&D gives birth to ‘spin-off’ projects of great interest

o Despite the delay due to the relocation, TREX-DM continues data taking /
near term roadmap towards competitive background level & threshold
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TREX-DM

« Relevant publications:

« Gaseous time projection chambers for rare event detection: Results from the T-REX project. .
Dark matter. JCAP 01 (2016) 034. Err: JCAP 05(2016) EO1

« TREX-DM: a low-background Micromegas-based TPC for low-mass WIMP detection.
Eur. Phys. J. C (2016) 76: 529.

« Assessment of material radiopurity for Rare Event experiments using Micromegas.
JINST 8 (2013) C11012

« Radiopurity of Micromegas readout planes, Astrop. Phys. 34 (2011) 354-359

« Background assessment for the TREX dark matter experiment, Eur. Phys. J. C 79, 782 (2019)

« Cosmogenic production of tritium in dark matter detectors, Astrop. Phys. 97 (2018) 96-105

« Development and performance of Microbulk Micromegas detectors, 2010 JINST 5 P02001

« Readout technologies for directional WIMP Dark Matter detection. Phys. Rept. 662 (2016) 1-46

« Microbulk Micromegas in non-flammable mixtures of argon and neon at high pressure,
2022 JINST 17 P07032

AlphaCAMM, a Micromegas-based camera for high-sensifivity screening of alpha surface
confamination, 2022 JINST 17 P08035

® 9th Patras at Patras, Sep 2024 Tﬁeopiyﬁ Dafni CAPA/UNIZAR

24


https://iopscience.iop.org/article/10.1088/1475-7516/2016/01/034
https://doi.org/10.1140/epjc/s10052-016-4372-6
https://iopscience.iop.org/article/10.1088/1748-0221/8/11/C11012
https://www.sciencedirect.com/journal/astroparticle-physics/vol/34/issue/6
https://link.springer.com/article/10.1140/epjc/s10052-019-7282-6
https://www.sciencedirect.com/science/article/pii/S0927650517301895
https://iopscience.iop.org/article/10.1088/1748-0221/5/02/P02001
https://www.sciencedirect.com/science/article/pii/S0370157316303155
https://iopscience.iop.org/article/10.1088/1748-0221/17/07/P07032
https://iopscience.iop.org/article/10.1088/1748-0221/17/08/P08035/meta

	Slide 1: TREX-DM A search for low-mass WIMPS with mM
	Slide 2: Outline
	Slide 3: TREX-DM
	Slide 4: Purpose and motivation
	Slide 5: Why Gas TPC?
	Slide 6: Equipping TREX-DM with microbulk mM
	Slide 7: What can TREX-DM do?
	Slide 8: What has TREX-DM done so far?
	Slide 9: So, currently…
	Slide 10: How can it be improved?
	Slide 11: How can it be improved? (I)
	Slide 12: How can it be improved? (Ib)
	Slide 13: How can it be improved? (Ic)
	Slide 14: How can it be improved? (Ic)
	Slide 15: How can it be improved? (Ic)
	Slide 16: How can it be improved? (II)
	Slide 17: How can it be improved?(IIb)
	Slide 18: How can it be improved?(IIc)
	Slide 19: How can it be improved? (III)
	Slide 20: How can it be improved? (IIIb)
	Slide 21: How can it be improved? (IV)
	Slide 22: TREX-DM prospects
	Slide 23: Conclusions
	Slide 24: TREX-DM

