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Project Objective

Research Goal

Numerical prediction of performance of the trigger RPC setup using various alternative eco-
friendly gas mixtures. ldentify optimal mixtures and validate them through lab-scale experiments.

Systematic parameter-space scan

Garfield++
Novel cross- . .

: Gas mixture Detector Proposed alternative
sections of |---> . - - - :
selection performance gas mixture
eco-gases ‘\/
Quantify
performance
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Publication by Metting van Rijn, Biagi and
Franck expected soon

R134a Cross-Section Update
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Figure: Cross section of R134a. lonization accounts for increases by more than 10% at trigger RPC fields!
gross ionization.
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RPC Simulation Results — Efficiency Curve to Validate

100 Efficiency: {'C2H2F4": 95.2, 'isoC4H10'": 4.5, 'SF6": 0.3}

* Updated R134a cross-sections
, « Comprehensive RPC simulation
o | » Simulated efficiency curve for single gap
(2mm) RPC is off!
- What'’s going on?

Effective Voltage (V)
Figure: Efficiency curve of standard mixture.

Simulation (blue dotted) and measurements (blue solid).
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Resistive Plate Chamber (RPC) Setup
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Figure: RPC cross-section with table describing materials, dimensions and its properties.
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RPC Detection Principle — 7 Strip Read-Out

Detection threshold at level of raw signals
* Minimum avalanche size for std gas mixture:

450
Ne- 2 6.5 10° —— (HV —8122V)

— Need of space-charge effect ...

« Streamer threshold at level of integrated signals to

‘ | | - : predict streamer probability curve

a.:l|.|II.n.lla.ul|.|I|.|.II¢.II|.|II.|.II¢.|I-'
400 425 450 45 200 &3 B0 T 800

Figure: Example signal from
measurements. Time resolution 2ns. — Numerical model to replicate measured signals

to extend search for optimal eco-friendly mixtures
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[1] C. Lippmann and W. Riegler, Detailed RPC avalanche simulations, NIMA 533, p. 11-15

Simulation Principle - Pipeline

particle 1. Primary ionization using HEED by I. Smirnov &
1., ald swarm parameters from MAGBOLTZ by S. Biagi

a>n

(o)

A

S 2. Electron Transportation using
A e *  AvalancheMicroscopic
e N « C. Lippmann 2d space-charge routine [1]
2.
oV . . . . . . .
_— 3. Signal generation by characteristic weighting fields
Y respecting the geometry of the strips
3_ 120 4 —— Total Signal . . . .
NS 4. Signal processing using networks (multiconductor
o transmission line) & CAEN 2 ns sampling rate
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2 — Space Charge Effect
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3
10 —_— GF++
® grid: 593.0 uA
—— SC Free Field
lD—l n
1073
lD—E n

0 5 10 15 20 25
Time (ns)

Figure: Logarithmic avalanche growth. Comparison

between AvalancheGrid and Lippmann’s 2d SC routine.
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4 - RPC Housing as Multiconductor Transmission Line

Reflections from miss-matched
impedance at both ends, results in loss

\W "’ J | . ’
JL jk N \I\ ‘ , /J/ M\ *\ 2N . :
— J_> Vampan 1+ 043 210

of amplitude
<= 6-+ 6-——> 29(y
— R+ iwL Vampi 2 50Q ’
L 502 Coax amp,t
' ~ to CAEN
5002 Y(w) = G +iwC + Modal dispersion results in broader
M — signals
5002
\V4 » Cross-talk (~10%) results in
: - . : : transversal signal spread
Figure: RPC strip-line network terminated with 50 Ohm resistors. J P
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4 — Characteristic Matrices: 3 Strip-Line Example

COMSOL Simulations:
[ 2253 —279 0.
C = * 225.3 =279 pF/m
B x 2253
[ 80.7 3.8 02
L= * 899 3.8 | nH/m
| x * 89.7
Voltage
Laboratory

Preliminary VNA Measurements:

269.2 —229 —0.8
C(5.18MHz) = | * 264.0 —21.2| pF/m + 5%
* * 258.6
[134.2 5.3 1.5
L(5.18MHz) = | * 1353 52 | nH/m +5%
| % % 134.5
[0.11 0.03 0.02
R(5.18MHz) = | = 0.14 0.04| Q/m % 5%
* * 0.10

—0.8 0.0
* 1.2

1.4
G(5.18MHz) = {* 1.5 —0.7] 1073 /Qm + 10%

fbd ~ 30 GHz
7. ~ 210
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Ending up in a Slight Correction of the Elastic Cross-Section
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Figure: Correction on the updated cross-sections
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Energy in eV

Elastic cross-section got a slight
correction (Magboltz 11.19)

Fits PT measurements better

Reduces the previous increase of

Townsend coefficient

Due to time restriction couldn’t redo

the full simulation ;(
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[1] G. Chiodini, et al., Nucl. Instr. and Meth. A 602 (2009) 757-760
[2] X. Fan, et al., Nucl. Instr. And Meth. A 1024 (2022), 166124

Alternative Validation:
Pulsed Townsend Swarm Parameter Measurements

Reduced Electric Field (Td)

Reduced Electric Field (Td)

Figure: Trigger RPC standard mixture swarm parameters measured with the
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Outlook

RPC R134a & COs RPC HFO & R134a

Amolea 1224yd o
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Figure: Project Timeline of the two PhD projects.
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Conclusion

R134a cross-sections received update
* Pulsed Townsend measurement of swarm parameters
« No additional pressure dependence observed at pressure up to 12kPa
« Deviation from measurements by Fan et al. and Chiodini et al.

Comprehensive trigger RPC simulation environment in developed
« C. Lippmann space-charge effect routine refactored into Garfield++
» Post-processing via multiconductor line theory significantly changes signal
« Streamer-probability curve model in development based on space-charge effect —» next DRD1!
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Old R134a Cross-Section RPC Simulation

Efficiency: {'C2H2F4': 95.2, 'isoC4H10": 4.5, 'SF6': 0.3}
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[1] G. Chiodini, et al., Nucl. Instr. and Meth. A 602 (2009) 757-760
[2] X. Fan, et al., Nucl. Instr. And Meth. A 1024 (2022), 166124

Trigger RPC Standard Mixture Swarm Parameters

Method: Chiodini et al., Fan et al. [1], [2] Pulsed Townsend Experiment
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RPC Experimental Setup for Validatio
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N
Gas mixing Unit
- 6 different lines :
- Process/Purging gas
| 2/

Data Acquisition/Analysis
- CAEN VME digitizer :
- Online/Offline data analysis |

1

RPC
- 2 mm, single gap
- Scintillators as trigger
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Gas Analysis
- Gas chromatograph
- Mass Spectrometer
- lon Selective Electrodes

Figure: Experimental Setup [G. Rigoletti, Doctoral Thesis, 2022]
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Weighting Field of Strip

0.9

0.2
y 0.1
1——»2 0
High
M Voltage Dario Stocco | 1/31/2024 | 20
Laboratory




2ns Sampling

signal strip

efficiency: {'C2H2F4": 95.2, 'isoC4H10": 4.5, '5F6": 0.3}
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Estimating the Streamer-Probability (Streamer-Inception)

(Current) Definition Streamer Transition

An electron avalanche transitions to a streamer if the electron number a single avalanche
reaches a value between N, ~ 107 — 108,

(Updated) Definition Streamer Transition

An electron avalanche transitions to a streamer if the avalanche induced electric field distorts
the background field enough, i.e. there exists a number f (which may be field dependent) for
each geometry G and gas s.t.,

max E +F? x,t) > V) - 177 = Transition.
teT, XEG bckg sc ( ) fG,gas( ) | bckgl
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