Progress in sealed RPC towards
outdoor operation

A. Blanco
On Behalf of the RPC R&D group

Fundacao
para a Ciéncia

= € a Tecnologia




e RPC and sealed RPC.
 Medium size sealed MRPCs. SND@LHC case.
* Large size sealed MRPCs.

e Characterization of RPCs at high altitude for SWGO.

* Next steps on our road-map.
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RPC technology.
The RPC technology is mature and widely adopted Worldwide./v
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- Excellent (high and stable) efficiency > 98 %
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Sealed RPCs.

« Sealed RPC. RPCs that contain gas but are hermetically sealed after construction, similar to the
Geiger-Miller detectors.

* Improved portability and simplified maintenance => muon tomography, installation of remote
systems (Cosmic Ray experiments), hospitals?.

* Without gas system/consumption the system is even much cheaper.

« Similar performance? without gas supply.




Sealed RPCs . Concept.

Very simple concept. Similar construction compared to regular MRPCs but gas can only be in contact with

glass (very stable and inert material).

Everything made with glass
* MRPC electrodes.
* Peripheral spacers.

* Central spacers.
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Sealed RPCs . Concept.

Very simple concept. Similar construction compared to regular MRPCs but gas can only be in contact with
glass (very stable and inert material).

 Araldite

Home made injector
need to be improved !

All the glass pieces are stacked together and glued (Araldite)
laterally. One inlet and one outlet are left for each gas gap.




Medium size 0.1 m? sRPCs telescope.

* ~ 60° opening angle, tracking
capabilities ~ 1 cm?2

* Four sRPC planes ~50x50x50 cm? * 300 ps timing precision
« MRPC active area 30x30 cm?2 * Portable
* Different gap widths for testing  Autonomous operation

a) 1- HV layer, 2- Circular spacer in the center of the active area, 3- Strip spacer all
around de the periphery and 4- Mylar and Kapton layers.

b) sRPC plane showing: 5- Readout strip plane, 6- Coaxial cables and 7- MMCX
RF feedthrough connectors.

0 +20 1- sSRPC planes, 2 — FEE used to readout the signals
98 % C2H2F4 + 2 % SF6 o from sRPC, 3 — High Voltage PS system, 4 — DAQ,
10.1016/j.nima.2025.170396 computer and nower sunplies.




Medium size 0.1 m?* sRPCs telescope.

Performance similar to what could be expected from such a detector operated in a continuous gas flow
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Medium size 0.1 m? sRPCs telescope @ SND@LHC experiment.

SND-LHC Scattering and Neutrino Detector at the LHC is a recently approved, compact and stand-alone
experiment to perform measurements with neutrinos produced at the LHC in a until now unexplored
pseudo-rapidity range of 7.2 < n < 8.4 complementary to all the other experiments at the LHC, including

FASER. SND@LHC rear view in TI18

SND@LHC from view in T118
together with
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Med ium Size 0.1 m2 SRPCS telesco pe @ SND@ LHC ex LHC Luminosity (arbitrarily normalized) compared with RPC trigger rate

Installation performed on Feb 2024 g™ ) —
Full operative 24/7 since then. g 1o

Luminosity (ATLAS) and raw trigger rate follow same trend. Ratio ~ 1. ‘umnostty/Rrec rigger Rate
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Medium size 0.1 m?* sRPCs telescope @ SND@LHC e

Installation
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~ 20 months of operation

Alberto Blanco
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Medium size 0.1 m? sRPC at irradiation facility.
10.1016/j.nima.2025.170743

Irradiation facility @ Santiago de Compostela

—
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Source TR g e TR SRPC plane +
: e _muon telescope
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Medium size 0.1 m? sRPC at irradiation facility.
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Medium size 0.1 m? sRPC irradiation facility.

Irradiation
during 24 days
@ 60 Hz/lcm?

Corresponds to ~ 4 years of

operation in a Cosmic Ray experiment
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Medium size

0.1 m? sRPC irradiation facility.
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~ 12 months of operation indoor after irradiation




Medium size 0.1 m? sRPC irradiation facility.

Stable efficiency ~98.2 %, residual correlation of charge with P and T well understood

Non-sealed RPC Sealed RPC
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Medium size 0.1 m? sRPC irradiation facility.

Spacers

3 glass electrodes

Cross-section of
2 gas gaps

a sSRPC chamber

P.m decreases P.m iNncreases
. the chamber gaps are expanded the chamber gaps are compressed
T Increases gap P T decreases gap P

] =
—_—v—_—
Modification of the chamber volume => gain, due to changes in Pamand T



Large size 1 m* sRPC.

Assemble process

Large area implementation => 1 m?.
2 X 1 mm multi-gap.

Readout by strips + fast FEE in both sides.

P

Multi-gap assembly: 5x5 spacer matrix +
peripheral strip all around the gaps for sealing.

Experimental setup: 1- Active areas of SRPC, 2- FEE, 3- Small muon telescope
based on Scintilator + SiPM readout.

98 % C2H2F4 + 2 % SF6
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Large size 1 m* sRPC.

Performance similar to what could be expected from such a detector operated in a continuous
gas flow, efficiency higher than 95 % and streamer percentage below 1 %.
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Large size 1 m* sRP

Hits map

< @ > map (A.U.)

Streamers %
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Large size 1 m* sRPC.

Streamers %

Hits map b) < Q> map (A.U)
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Characterization of RPCs at high altitude for SWGO.

Setup ready for the characterization of RPC operated at different operation pressures (heights) in order

to optimize the response of the detector.
h - -




Next steps

Testing RPC Vs pressure to optimize the response at high altitude. (this year PhD student).

Testing large size 1 m? sRPC outdoor (this year MsC student).

Build first timing sRPC narrow gaps 0.3 mm. (ASAP).

Technicalities: improve gas in/outlets (injectors) and sealing.




Conclusions

Sealed RPC have become a reality. We have demonstrated their feasibility to operate
reliable for years under indoor conditions for Cosmic Ray measurements.

We need to continue the development by improving certain technical aspects and
introducing timing.

It is also necessary to demonstrate that SRPCs can operate outdoors.




BACKUP




SND@LHC. Sealed RPC small telescope @ CERN. Efficiency geometry factors.

Deficit of events shown on Hit maps

Not recorded muon (hit only two planes)

Recorded muon (hit three or more planes)

60

Hits RPC3 Hits RPC4

5 10 15 20 25 30 35 40 5 10 15 20 25 30 35 40
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SND@LHC. Sealed RPC small telescope @ CERN. Efficiency geometry factors.

Deficit of events shown on Hit maps

Not recorded muon (hit only two planes)

T I = i

Eff RPC3

Eff RPC4
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SND@LHC. Sealed RPC small telescope @ CERN. Efficiency other factors.
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SND@LHC. Sealed RPC small telescope @ CERN. Efficiency other factors.

Spacers

Cross-section of
a sSRPC chamber

3 glass electrodes
2 gas gaps

P 1 the chamber could change the gap width in the center
if the central spacer is not glued anymore
Sealed RPCs are not atmospheric detectors

————

Center spacer is not glued and eventually fragile

Huge variation of efficiency on the center of the chamber correlated with Atmospheric Pressure
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