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L’esperimento ATLAS 
al Large Hadron Collider del CERN di Ginevra

• Studio di collisioni protone-protone a energie fino a 14 TeV nel 
centro di massa

































The ATLAS RPC upgrade for Phase II

BO

BM BI

The HL-LHC luminosity increase (7.5 ∙ 1034 cm−2 s−1 at 𝑠 = 14 TeV 𝑝𝑝 ,

average number of interactions per bunch crossing 𝜇 = 200) foresees a major 

upgrade for the ATLAS Muon Trigger system. About 300 new-generation RPC triplets 

will be inserted in the Barrel Inner region (BI), and the old on-detector trigger boards 

will be replaced with new ones

• Improved trigger redundancy (from 6 to 9 layers)

• Increased trigger acceptance (from 78% to 92%, and to 

96% by requiring BI-BO coincidence, see Table 3.2 of the 

Phase II Muon TDR: 

https://cds.cern.ch/record/2285580/files/ATLAS-TDR-

026.pdf)

• Improved time resolution for time-of-flight measurements: 

new thin-gap RPCs (1 mm) and new read-out electronics 

(0.4 ns for BI RPCs, from 2 ns to 1.1 ns for legacy RPCs)

o BI RPC detector surface: 472 m2

o 306 BI RPC triplets

o 8262 new front-end boards
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BI-RPC: gas volumes, singlets and chambers
• Gas volume: a gas volume is composed 

of a gas gap enclosed between two High-
Pressure Laminate (HPL) plates. A graphite 
layer is deposited on the external face of 
each HPL plate. Total gas-volume 
thickness: about 4.5 mm

• Singlet: the gas volume is enclosed 
between two read-out panels with -
oriented strips (parallel to the long side of 
the chamber), forming a «singlet». The gas 
volume with the read-out panels is 
enclosed in a Faraday cage consisting of 
the outer faces (copper) with their edges 
connected by conductive copper tape. 
Singlet thickness: about 13 mm

• BI chamber: three singlets (a «triplet») are 
inserted within a suitable mechanical 
structure to form a BI chamber. BIL-RPCs 
will be inserted in the Large sectors, while 
BIS-RPCs will be inserted in the Small 
sectors. BI chamber thickness: about 65 
mm

19



New gas volumes 
• A new design for the gas volumes has been used, with several changes with respect to the ATLAS legacy RPC detectors:

•  Gas-gap thickness: reduced from 2 mm to 1 mm

•  The gas distribution was re-designed, with 4 inlets for connecting the gas pipes on the corners of the gas volume, drilled in 
the profile

•  New HV-cable connection on the the gas-volume side

•  The 6 mm diameter gas pipes were replaced with 3 mm diameter gas pipes

•  The graphite-layer resistivity was reduced from 500 kΩ/□ to 320 kΩ/□ and the footprint was redesigned to reduce the risk 
of possible current leaks

•  Electrode thickness: reduced from 1.8 mm to 1.4 mm

The production of the gas volumes in Italy has started in 2023 and is expected to end in 2025, carried out by General Tecnica 
Engineering (GTE).

Two new possible production centers are undergoing a qualification process: Munich (Max Planck Institute, MPI) and Hefei 
(University of Science and Technology of China, USTC)
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Qualification of gas volumes
• Tests of HPL plates are carried out by INFN at GTE:

•  Measurement of the HPL bulk resistivity (maximum value 
accepted: 1011 Ω cm)

•  Sample measurement of plate thickness

•  Visual inspection for detecting any possible macroscopic 
defects

Gas-volume tests are carried out at GTE and CERN:

•  10 tests are carried out by the manufacturer

• 3 tests are carried out by CERN-INFN

• Current vs Voltage (I-V) characterization (max 1 A 
@ 3.5 kV – max 3 A @ 6.1 kV after ohmic-current 
subtraction)

• Gas-tightness test (p < 0.1 mbar after 3 minutes)

• Current-leak test

•  Conditioning at GIF++

• The I-V curve is measured again with the source 
off

• The gas volumes are exposed to  radiation from a 
137Cs source, at approximately 4800 V (max 20 
A/m2)

21



Read-out panels
• New read-out panels consisting of 3 layers:

•  One layer of 3 mm – thick aramid paper honeycomb

•  Two layers of 0.4 mm – thick copper-plated FR4 on 
which the read-out strips are made by a photo-engraving 
process

Panel thickness and materials are chosen to optimize the 
strip impedance and the detector weight. A termination 
resistor is soldered to the ends of each strip and guard 
wire.

The construction of the read-out panels is shared between 
INFN Cosenza (BIL) and Hefei China (BIS).

INFN Cosenza site capability = 800 panels/year, also 
carrying out the following tests:

•  Thickness measurement of FR4 panels

•  Thickness measurement of Aramid paper honeycomb

•  Thickness measurement of the assembled panel 
surface (7 cm x 7 cm matrix)

•  Panel length and width + strip-width measurement

•  Electrical continuity measurements for strips and guard 
wires
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Front-End electronics 
• For BI-RPCs, an ASIC chip has been developed by 

INFN Roma Tor Vergata, integrating preamplifier, 
discriminator and TDC. This new design results in 
improved stability and sensitivity compared to the BIS-78 
FE and also allows the -coordinate reconstruction:

•  Detectable signal of 1-2 fC

•  Minimum discrimination threshold of 0.3 mV

•  Voltage-Controlled Oscillator (VCO) defining the TDC 
time resolution driving the scaler (50-150 ps RMS)

•  Data encoded using the Manchester code

•  Each ASIC chip has 8 channels, each with its own serial 
transmission line

10 ASIC chips were irradiated with a neutron flux of 1013 neq/cm2 at the China Spallation Neutron Source (Dongguan) to check the 

chip radiation hardness: no change was observed in the discriminator and in the VCO response after the irradiation.
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Layout of the BI-RPC chambers
• The design of the BI-RPC mechanics has been defined for all the main chambers (4 BIL types: BIL 680S 

– BIL 680L – BIL 620S – BIL 520S covering 75% of the BIL sectors; 2 BIS types: BIS1 and BIS from 2 to 
6, covering all the BIS sectors involved in the Phase-II upgrade) and other special cases.

• In the feet sectors (S11 and S15) new chambers will be installed in the Barrel Outer region: 80 identical 
BOR-BOM chambers without overlapping, of BIS-like size. 
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Production chain
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Production Database
• Infrastructure

•  mySQL DB managed via a web 
interface to keep track of components 
(gas gaps, HPL plates)

• Including relationships (i.e. what 
goes into what)

•  Web interface for presenting QA/QC 
test results (e.g. I-V curves) for the 
components

• Based on CERN login, now restricted 
to the users directly involved in this 
activity

Status

•  Management of panels and gas gaps 
ready

•  Next step: implementation of singlets

•  Long-term goal: implementation of 
triplets and chambers
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