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URWELL-PICOSEC: Precision Timing with Resistive Micro Well (WRWELL) Detectors
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URWELL-PICOSEC: Precision Timing with Gaseous Detectors

Charged particle
b
— o0 o0
Preamplification gap e- T | |
100-200 pm l o S _Stmig E-Eeld
A A

Preamplifier + fast DAQ

Potential applications:

identification (PID) of future nuclear physics (NP) / high energy physics (B

@ JLab; ePIC Detector Upgrade / Second detector (@ EIC; Muon timing detector (@ FCC-ee
K. Gnanvo et al. Nucl. Instr. and Meth. in Phys., A 1093 (2027) 172001

“* Electronic Signal: Collection of the induced charges on pick up pad electrode.

“* URWELL amplification: Second amplification of the charges in a strong electric field

¢ Photoelectrons: Cherenkov photons converted into photoelectrons in VUV photocathode

Concept: Combines a uRWELL electron amplification in gas with photoelectrons produced by a
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photocathode from VUYV photons generated by relativistic charged particles crossing a Cerenkov radiator

“* Cherenkov photons: Relativistic charged particles traversing a radiator =» prompt Cerenkov photons

“* Pre-amplification: Amplification of the photoelectrons in ~200 um drift gas in a strong electric field

Large area, cost-effective detector for precision timing (T,) and Time-of-Flight (TOF) for charged particles
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Cerenkov crystal radiator coated with semi-transparent VUV photocathode
¢+ Radiator: Magnesium Fluoride (MgF2) crystal = transparency in VUV region

+¢* Photocathode candidates:
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Single-pad uRWELL-PICOSEC Prototype

URWELL PCB front side
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% Fast gas mixture: Ne:CF,:C,H, (80:10:10)

G. Bencivenni et al. 2015 JINST 10 P02008

¢ Pick-up pad readout + low noise RF amplifier electronics

Ground ring Ground ring

pad contact

LRWELL PCB for single-pad pPRWELL-PICOSEC prototype
¢ Second amplification stage of a uRWELL-PICOSEC detector
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* Cesium lodide (Csl) =» high QE but sensitivity to humidity & ion bombardment
= Diamond-like carbon (DLC), Titanium, Boron carbide (B,C) =2 robust but low QE

New holes geometry for uRWELL amplification
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(¢) Fully assembled prototype — front and back view = Square holes (SQ)
(b)
Kapton | | Pad onta::tv; KTYD:LACA_H’V_' b
o - : = Prototype | Shape | P(um) | OD (um) | ID (um) | Pad readout
N A Pad contact
proto-1 square 120 100 80 Plain
proto-5 round 120 100 80 plain
proto-7 round 120 100 80 hash
proto-9 round 100 80 60 Plain
i : L _ - proto-11 | round | 100 80 60 hash
S Cu cathode [l HV contacts & Ground ring b -
. - : ' = proto-13 round 80 60 40 plain
(d) Mechanical (e) Cerenkov crystal / (f) Spacer / cathode (-HV) (g) tRWELL - back side  (h) Outer PCB — HV feeds
support structure coated photocathode and signal to preamp (d) Plain Cu electrode () Hash Cu electrode

Assembly of a single-channel pPRWELL-PICOSEC prototype Geometric parameters of a uARWELL-PICOSEC PCB
K. Gnanvo et al., Nucl. Instr. and Meth. in Phys., A 1093 (2027) 172001
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NRWELL-PICOSEC Telescope in 2024 DRD1 beam test at CERN

Proto 5 - Time resolution URWELL hole shape comparison
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Time resolution as a function of cathode and anode voltages
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MCP-PMT raw signal
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Sigmoid fit to MCP-PMT raw signal

Waveform signal of uPRWELL-PICOSEC and timing reference MCP-PMT

Proto-9: Time resolution with Csl photocathode
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LRWELLS: round holes

Pitch = 100 um
Outer diam. = 80 um
-~ Inner diam. = 60 pum
200+ Readout pad = plain
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Time resolution performance with different photocathodes: Csl (right); (b) DLC (right)
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x?/ NDF = 83.21 / 49.00
RMS = 35.92 ps
c,=(21.25%+0.90) ps
o, = (40.50 + 9.45) ps
o, = (23.62 + 2.62) ps

1 0 1 |
MCP ~ tmcosec (ps)
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K. Gnanvo et al. Nucl. Instr. and Meth. in Phys., A 1093 (2027) 172001
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f Large Areca uRWELL-PICOSEC Prototype

A large area (10 cm % 10 cm) uRWELL-PICOSEC prototype with 100-pads

pPRWELL-PICOSEC raw signal

\/ Electron peak (e-peak) — fast signal

beam at the CERN SPS H4 test area in July 2024
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Proto-11: Time resolution with DLC photocathode
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. , l | 100-pads pnRWELL PCB front 100-pad pnRWELL PCB back 100-pads prototype
187 187.5 188 188.5 189 189.5 . . .
Time (ns) The prototype was instrumented with 10 x 10-channels custom-made low noise RF

preamplifier cards connected to a multi-channel SAMPIC digitizer.
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- WRWELL11: round holes
_ Pitch =100 um

- Outer diam. =80 pm

~ Inner diam. =60 pm

" Readout pad = hashed

URWELLpad45:Csl-spacer 170 pm

readout PCB was designed fabricated successfully tested in the 150 GeV / ¢ muon
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x?/ NDF = 70.70 / 59.00
RMS = 48.80 ps
c,=(31.47 £ 1.60) ps
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—e—anode @ 220 V (single gauss)
—e—anode @ 230 V (single gauss) ||
—e—anode @ 250 V (single gauss)

- ® -anode @ 220 V (narrow gauss)
- @ —anode @ 230 V (narrow gauss)
- ® -ano”’= ) 250 V (narrow gauss)
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Synergistic LDRD Program: Low-Mass uRWELL Detectors for High-Luminosity Experiments
Florian. Hauenstein, Jefferson Lab, 12000 Jefferson Avenue, Newport News, VA 23606, R

« The most recent high rate layout:

Motivation: Development of high-rate capabilities (up to several
MHz/cm?) for uRWELL detector technologies.

Background and Significance: High-rate large areca detector systems
at the luminosity frontier of CEBAF at JLab such as the SoLID in Hall
A or the high-luminosity upgrade of CLAS12 in Hall B
Technology: uRWELL with PEP-dot grounding

scheme; Rate

capability increases with PEP-dot density, minimal efficiency drop
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High-rate uRWELL Prototypes under test in Hall B at JLab (2025)

R. Paremuzyan et al. DOI: https://doi.org/10.22323/1.465.0014
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1.3 (1.6%)

0.767

0.175

Dead area 1.305 mm

High-rate uPRWELL PCB (a)- Efficiency drop due to PED-dots is visible (b)

« The DLC ground connection is o

» Preliminary beam test results with small uRWELL-PICOSEC prototypes show

e« Ihe dead zone is ~2%
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Summary & Perspectives

Patterning—Etching-Plating
established by creating metalized vias

from the top Cu layer through the DLC,

down to the pad-readout of the PCB timing resolution of ~23 ps after optimization of _uRWELL PCB features.

» The results suggested further optimization to achieve < 20 ps resolution

* We will explore funding opportunities to develop application as TOF P
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(00

-
o

simple mechanical construction, and low production costs.
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Fast timing uRWELL-PICOSEC technology with picosecond timing resolution
1s fast emerging field for Time of Flight PID applications in HEP and NP field.

% Large area 10cm*x10cm uRWELL-PICOSEC prototype was successfully tested

with encouraging results for cost-effective fast timing detector technologies.

options for future detector such as an EIC Second detector or FCC-ee detector
» In parallel, The development of ufRWELL detector with PEP-dot grounding
technology is a promising option for tracking detector in high-rate

environment, combining good position resolutions, low material budget with
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