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THE ATLAS RPC UPGRADE CONCEPT
MAXIMUM TRACK SELECTION PERFORMANCE WITH A MINIMAL SET OF DETECTORS

• MAXIMUM SINGLE DETECTOR PERFORMANCE

• FRONT END THRESHOLD SENSITIVITY

• GAS GAP WIDTH

• GASEOUS TARGET DENSITY

• DRIFT VELOCITY

• MINIMUM NUMBER OF INDEPENDENT DETECTORS

• FARADAY CAGE NOISE IMMUNITY

• HIGHLY INDEPENDENT SINGLETS

• LOW COMPLEXITY AND RELIABILITY

• THINNER (LIGHTER) ELECTRODES

• LIGHT AND RIGID STRIP PANELS (THIN PAPER HONEYCOMB CORE)

• EMBEDDED HV AND GAS CONNECTION POINTS
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BIS78 RPCs designed for 

the ATLAS upgrade:

• Gas gap 1mm

• FE threshold 1-4 fC

• 3 independent singlets 

providing 3D+t particle 

localization 



SINGLET STRUCTURE
A SINGLET IS MADE OF

• A RPC GAS GAP

• TWO READOUT STRIP PANELS

• STRIP PCB FACING THE GAP

• LOW R DIELECTRIC FILLER

• REFERENCE GROUND PLANE

• FRONT END ELECTRONICS

• MATCHING RESISTORS

• GROUND REFERENCE

INTERCONNECTIONS

• A SINGLET IS A INDEPENDENT

FARADAY CAGE INSENSITIVE TO

THE EXTERNAL WORLD

• A NUMBER OF SINGLETS CAN BE

BOXED FREELY AND INTERLEAVED

WITH OTHER MATERIALS
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THE TEST BEAM SETUP AT GIF++

• WE TESTED THE BIS7 MODULE-0 AT GIF++ USING THE H4 
BEAM

• CHAMBER SIZE 990 X 1820

• 3 SINGLETS WITH 32 + 64 ORTHOGONAL STRIPS EACH

• TRIGGER USED: 

• EXTERNAL: 3 BEAM SCINTILLATORS

• INTERNAL: 2 OUT OF 3 MAJORITY

• RANDOM

• TRIGGER-LESS
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READOUT SYSTEM:

• BIS78 PRODUCTION

SYSTEM BASED ON 18 
HP-TDC CHIPS

CUSTOMIZED FOR THE

BIS78 SYSTEM

• READOUT PERFORMED BY

A DEDICATED FPGA 
CAPABLE TO IMPLEMENT

THE LOCAL 2 OUT OF 3 
MAJORITY



SINGLE DETECTOR PERFORMANCE 

– EFFICIENCY VS GAS MIX

EFFICIENCY DEPENDS ON

• PRIMARY IONIZATION ALLOWED BY THE GASEOUS TARGET

• 1 MM

• VARIOUS FRACTIONS OF CO2 (LOW DENSITY) WRT. 
FLUORINATED GAS (HIGH DENSITY): STD (0%), ECO65 
(30%), ECO2 (60%), ECO3 (70%)

• FRONT END SENSITIVITY → MINIMUM THRESHOLD 1 FC
MAX. 4 FC

• DEAD AREAS → 2% DUE TO SPACERS

• THE EFFICIENCY ALMOST REACHES PLATEAU AT 65% OF

HFO (1% DIFFERENCE WRT. STD)

• SAME HAPPENS IN THE LOWEST END: AT 25% OF HFO 
THE EFFICIENCY IS ABOUT 84% AND ITS VARIATION IS AT

MOST 1% PER 10% VARIATION OF HFO FRACTION

• THIS SETS THE INTERESTING RANGE OF VARIATION OF

HFO FOR 1 MM GAS GAP
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Mix STD

ECO3 = 25%HFO/70%CO2/4%ISO/1%SF6

ECO65 = 65%HFO/30%CO2/4%ISO/1%SF6

ECO2 = 35%HFO/60%CO2/4%ISO/1%SF6
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MAXIMUM SINGLE DETECTOR PERFORMANCE –

EFFECTIVE PRIMARY CLUSTERS

THE INTRINSIC INEFFICIENCY (DEPURATED BY

ACCEPTANCE AND DEAD AREAS) CAN

PROVIDE THE NUMBER OF EFFECTIVE PRIMARY

CLUSTERS THROUGH THE P(0) FUNCTION:

• “EFFECTIVE” MEANS A PRIMARY CLUSTER

CAPABLE TO DELIVER A SIGNAL ABOVE THE

THRESHOLD

• THE NUMBER OF EFFECTIVE CLUSTERS

DEPENDS ON BOTH THE ELECTRIC FIELD AND

THE FE THRESHOLD
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< 𝑛𝑝 >= 𝑙𝑛(
1

1 − 𝜖
)
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MAXIMUM SINGLE DETECTOR PERFORMANCE – FE 

ELECTRONICS SENSITIVITY

THE NEW FE ELECTRONICS IS BASED ON A VERY PERFORMING SET OF AMPLIFIER-DISCRIMINATOR WITH
HAVING A MINIMUM OPERABLE THRESHOLD OF JUST 1 FC (5 X RMS NOISE OF 1200 ELECTRONS)

• THRESHOLD SETTING = 2.2V-VTH

• VTH = 1.8V →4 FC

• VTH = 2.1 → 1 FC

• THE VARIATION OF WORKING POINT IS OF THE ORDER OF A FEW 100TH OF VOLTS CHANGING THE VTH
ACCORDINGLY
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CHARGE PER COUNT AND AGEING IMPACT

AGEING IMPACT

• THE BIS78 FRONT END ALLOWED TO LOWER THE CHARGE PER COUNT FROM

30 PC PER PHOTON COUNT TO 6 PC

• THIS RESULT WAS OBTAINED WITH A CONSERVATIVE THRESHOLD SETTING OF 4 
FC

• AN EARLY TEST (L. PIZZIMENTO RPC2018) SHOWN THAT FORCING THE SETUP

WITH A MUCH LOWER THRESHOLD, OF 1 FC, ONE CAN ACHIEVE 3 
PC/COUNT.

• THE BIS78 MODULE ZERO ALLOW TO OPERATE NORMALLY WITH SUCH

THRESHOLD VALUE AS WILL BE SHOWN

• THIS IMPLIES THAT THE SAME RPC TECHNOLOGY CAN EXTEND BY AN ORDER

OF MAGNITUDE THE CERTIFIED AGEING FEATURES:

• 10 YEARS@100 HZ/CM2
→ 1KHZ/CM2
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CLUSTER SIZE AND TOT FOR DIFFERENT GASES:

• CLUSTER SIZE
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Culster size increases with 

both increasing applied HV 

and lowering the 

discriminator threshold.

In this case a given efficiency 

is obtained at a lower applied 

voltage by using a lower 

threshold. Giving a good CS 

behavior at the most sensitive 

threshold

Operation with ecogas at 

lowest threshold is subject to 

the effect of larger 

avalanche events
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• TIME OVER THRESHOLD



MAXIMUM SINGLE DETECTOR PERFORMANCE –

CHARGE DISTRIBUTION

THE CHARGE DISTRIBUTION COMPARISON

BETWEEN ECO AND STD

• STD HAS AN HIGHER SHOULDER AT THE

LOWEST DISTRIBUTION END OF LOW

EFFICIENCY DISTRIBUTIONS, 

DISAPPEARING AT HIGHER FIELD.

• SINCE THEN THE DISTRIBUTIONS RAISING

EDGE IS THE SAME INDEPENDENTLY ON

GAS

• THE FALLING EDGE FOR ECO IS DUE TO

HIGHER CHARGE EVENTS

• THIS CAN BE EXPLAINED BY AN EARLIER

SATURATION WITH A FRACTION OF CO2 

CREATING HIGHER DENSITY AVALANCHES
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Ecogas operation is presently limited by the 

presence of extra charge per count for MIPS
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CURRENT VS WORKING POINT VS GAS MIXTURE

• EFFICIENCY TO MIPS 

NORMALIZED TO THE

PLATEAU ASINTHOTIC VALUE

• PHOTON INDUCED

OPERATING CURRENT

MEASURED OFF SPILL WITH

ABS=22 FOR DIFFERENT

MIXTURES

• OPERATING CURRENT FROM

PHOTONS VS. PERCENTILE OF

THE EFFICIENCY CURVE FOR

MIPSARE VERY SIMILAR FOR

DIFFERENT MIXTURES
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MAXIMUM SINGLE DETECTOR PERFORMANCE – TIME 

RESOLUTION

TIME RESOLUTION

• DEPENDS ON THE GAS GAP WIDTH

AND THE DRIFT SPEED OF THE GAS.

• IT IS SPOILED BY PRIMARY AND

SECONDARY IONIZATION STATISTICAL

FLUCTUATIONS

• THE ELECTRONICS SKEW AND TIME

PROPAGATION EFFECT CAN BE

CALIBRATED (TIME WALK

CORRECTION

• IF THE THRESHOLD IS LOW AND THE

DISCRIMINATOR IS FAST, THE PROMPT

RESOLUTION IS ALREADY VERY GOOD. 
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PERFORMANCE AS A TRACKER

• THE TRIGGER AND TRACKING EFFICIENCY

→COMBINATION OF THE LAYERS

• 1MM SDT MIX 1-E=1.5%

• THE PERFORMANCE OF THE FARADAY

CAGE ALLOWS TO MAKE A COMPACT

STRUCTURE OF INDEPENDENT ELEMENTS
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• THE BIS78 CHAMBER TRIPLET ALLOWS TO LOCALIZE

A TRACK ELEMENT WITH THE 2 OUT OF 3 MAJORITY

• THE TOTAL INEFFICIENCY OF THE TRACKER IS THE

SUM OF A CONSTANT TERM DUE TO THE DEAD

AREAS (I.E. 2%) AND THE STATISTICAL INEFFICIENCY

OF THE 2/3 WHICH IS PROPORTIONAL TO THE

(1 − 𝜀)2

• AN EFFICIENCY LOSS OF 5% ON A SINGLE GAS

GAP (E.G. FOR USING ECOGAS) WOULD RESULT IN

LESS THAN 1% OF THE TRIPLET TO BE COMPARED

TO THE CONSTANT TERM OF DEAD AREAS

• COMBINED TIME RESOLUTION WOULD BE:

280 𝑝𝑠

3
≤ 160𝑝𝑠
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CONCLUSIONS

• WE STUDIED THE PERFORMANCE RANGE OF THE ATLAS UPGRADE RPCS BASED ON SINGLE

1MM GAS GAP AND DOWN TO 1 FC FE THRESHOLD

• THE KEY ROLE OF THE FE ELECTRONICS SENSITIVITY ALLOWS TO REACH AS LOW AS 3 
PC/COUNT OPERATING CHARGE EXTENDING BY ONE ORDER OF MAGNITUDE THE LHC 
GENERATION RPCS LONGEVITY

• THE DETECTOR FARADAY CAGE INTEGRATION REJECTION POWER IS CRUCIAL TO ENSURE THE

TIGHT INTEGRATION OF INDEPENDENT SINGLETS

• THE COMBINATION OF HIGH SINGLET PERFORMANCE AND INDEPENDENCE ENSURES TO WORK

AT HIGH TRACKING EFFICIENCY EVEN WITH A SUBSTANCIAL FRACTION OF CO2 ANS A

TRACKING TIME RESOLUTION OF THE ORDER OF 150 PS WITH ECOGAS

• ON THE BASE OF THIS STUDY DIFFERENT CONFIGURATIONS CAN BE EXPLORED, TO RESPOND TO

NEW EXPERIMENTS REQUIREMENTS.
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RESISTIVE PLATE CHAMBERS AT A GLANCE
COMMON FEATURES

• HIGH R ELECTRODES → SPARK LESS

• UNIFORM ELECTRODE → SIMPLE

• UNIFORM FIELD → PROMPT SIGNAL

• WORKING AT ATM. PRESSURE

• 0.1MM 2D LOCALIZATION

• GAS MIXTURE
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𝑄 𝑉 = ln 1 + 𝑒𝑎 𝑉−𝑉0

Integral logistic growth
G. Aielli et al NIM A 508 (2003) 6–13

𝑄 𝑥 = ln 1 + 𝑒𝛼𝑥

• 1 – 4 TO TENS

• 5X1010 – 5X1012

• 2 M2 – 0.1 M2

• 104 – 5X102

• 500 PS – 50 PS

Feature             RPC vs MRPC
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PRESENT LIMITS – RATE AND LONGEVITY
RATE CAPABILITY

• ELECTRODE RESISTIVITY IS RESPONSIBLE FOR THE PROVERBIAL STABILITY OF RPCS

• ALSO LIMITS ITS RATE CAPABILITY BECAUSE OF THE VOLTAGE DROP

•  V = <Q> X FREQ. X R

[Q IS THE AVERAGE CHARGE PER COUNT R IS THE TOTAL ELECTRODE RESISTANCE]

LONGEVITY

• RPC MATERIALS ARE INSENSITIVE TO RADIATION BUT:

• RADICALS PRODUCED IN THE DISCHARGE AFFECT THE ELECTRODE QUALITY → NOISE

• THE AMOUNT OF CONDUCED CHARGE CAN DEPLETE THE CARRIERS AFFECTING R
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1mm gap ATLAS upgrade
Resistivity → 5*1010

Noise → 4000 e-
ABS3.3 at GIF++ → ~10 kHz/cm2

• REDUCTION OF <Q> IMPROVES RATE CAPABILITY

AND LONGEVITY AT THE SAME TIME

• BY IMPROVING THE S/N ON THE FE ELECTRONICS

• BY IMPROVING THE SIGNAL COLLECTION EFFICIENCY

Keeping the gas clean is the key to preserve the electrode longevity

• LOWERING R IMPROVES RATE CAPABILITY ONLY

• LOWER RESISTIVITY MATERIALS

• THINNER ELECTRODES

• ACHIEVING HIGH RATE BY BRUTE FORCE REDUCTION OF R 
(WITHOUT REDUCING AT THE SAME TIME THE E FIELD) MAY

LEAD TO INSTABLE DETECTORS

State of the art
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