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CMS CSCs (Cathode Strip Chambers)

� 540 CSCs in total for muon

idenƟficaƟon, triggering and

track reconstrucƟon

� Each endcap of CMS has 4 sta-

Ɵons of CSCs

� Each staƟon has 2 or 3 rings of

chambers
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� Each CSC has 6 layers of anode wires and cathode strips to

measure a muon track segment from 6 reconstructed hits

� CSC filled with 40% Ar, 50% C02, and 10% CF4 gas mixture

� Muon ionizes the gas mixture in chambers. A strong elec-

tric field creates a gas avalanche, which produces signals on

strips and wires which provide a 2D muon hit posiƟon

� φ is preciselymeasuredby strips, and r ismeasuredbywires
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CSC under HL (High Luminosity) Conditions
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Figure 1

Extrapolated HL-LHC background rate

� The luminosity of HL-LHC could

reach 7.5 × 1034 cm−2s−1 (7.5

Ɵmes higher than original LHC

design)

� The very forward CSCs (espe-

ciallyME1/1 andME2/1)will suf-

fer large parƟcle rates.

The increase in background and L1 trigger rate and latency pose twoquesƟons:

� Will CSC electronics operate reliably under much higher luminosity and

pileup condiƟons? (Electronics Upgrades)

� Will CSC detector tolerate the much larger integrated charge expected

at HL-LHC? (Longevity Study)

Electronics Upgrades

SlideIntroduction to the CSC electronicsManuel Franco Sevilla

Phase-2 upgrade motivation

!28

ALCT/DCFEB PROMs in ME1/1 will die due to increase radiation dose 
Analog readout of CFEBs in ME234/1 leads to unacceptable event losses due to increased latency/rate 

➡ ME1/1 already has DCFEBs
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CFEB event losses for HL-LHC conditions

HL-LHC
luminosity

ME2/1 DCFEB (Phase 2)
ME2/1
ME3/1
ME4/1
ME4/2

CFEB event losses for HL-LHC conditions

DCFEB

Current	CMS	Muon	System	

9	October	2017	–	LHCC	Review	kick-off	mee:ng,	CERN	Andrey	Korytov	(UF)	 3	

DT	(driW	tubes):		
trigger,	precision,	low	rate	

CSC	(cathode	strip	chambers):		
trigger,	precision,	high	rate	

RPC	(resis@ve	plate	chambers):		
trigger,	fast	

Redundancy	(4	sta@ons	with	
2	detector	technologies	on	
the	path	of	a	muon	in	nearly	
all	direc@ons)	ensures	
-  robust	trigger	
-  efficient	reconstruc:on	

Acceptance:		 	|η|	<	2.4	

L1	Trigger:					 	pT	>	25	GeV	(μ);			pT	>	4	GeV	(dimuon)	
Reconstruc@on:	 	p	>	3	GeV,		δpT/pT	≈	1-2%	(with	the	Tracker)	

CFEB 
upgrade

ALCT/DCFEB upgrade

Luminosity L1 trigger rate Latency
Design LHC 1×1034 cm-2s-1 100 kHz 3.6 µs

Ultimate HL-LHC 7.5×1034 cm-2s-1 750 kHz 12.5 µs

A CFEB (Cathode Front-End

Board) stores analog signals

from strips in SCA (switched

capacitor array) for digiƟzaƟon.

The expected number of events

stored in SCA depends on the

muon rate and the level-1 trig-

ger latency, which will be nearly

3.5 Ɵmes higher in HL-LHC. The

limited storage of the SCA would lead to data losses at the HL-LHC data rates.
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Comparison between CFEB and DCFEB

The data loss in HL-LHC can be

solved by upgrading CFEB to

DCFEB (D for digital), which uses

Flash ADCs to conƟnuously digiƟze

and store into an infinitely deep

pipeline the analog signal.

The Virtex I FPGA is upgraded to a

powerful Virtex 6, which stores the

digiƟzed signals from ADCs.

� The anode trigger board, ALCT, will

be upgradedwith Spartan 6 FPGA to

cope with L1 trigger latency.

� ALCTs and DCFEBs in ME1/1 will be

equipped with a fast opƟcal pro-

gramming path via GBTx to recover

EPROM failure from radiaƟon. New

DCFEB is named xDCFEB.

� To accommodate higher rate, inner

ring chambers’ copper readout will

be upgraded to opƟcal links. CSC electronics layout

Longevity Study
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The high radiaƟon doses of HL-LHC can

cause CSC material aging thus prevent-

ing operaƟon stability and deteriorat-

ing performance. Longevity tests of

CSCs are being performed at the CERN

GIF++ facility, which employs a 14 TBq
137Cs source and a muon test beam.

CSC aging is studied by monitoring detector parameter stability during

irradiaƟon and measuring global performance using the muon beam.

Anode wire polymerizaƟon can increase wire di-

ameter and cause a reducƟon in gas gain (a mea-

sure of avalanche size). Two CSCs (ME1/1 and

ME2/1) have been irradiated up to a collected

charge equivalent to 3 Ɵmes that expected at

the maximum HL-LHC integrated luminosity. All

recorded parameters (gas gain, dark current, dark

rate, etc.) were stable throughout the irradiaƟon. M
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There is no evidence of significant chamber damage under HL-LHC con-

diƟons, but the high radiaƟon dose may sƟll degrade chamber per-

formance. A muon test beam in GIF++ is used to monitor the perfor-

mance throughout the period of chamber irradiaƟon.
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One characterisƟc of chamber performance is

spaƟal resoluƟon, defined as the deviaƟon of

predicted hit posiƟon frommeasured posiƟon.

Study in GIF++ shows that increased instanta-

neous luminosity could cause a 10% deteriora-

Ɵon in resoluƟon, but it is stable up to an inte-

grated luminosity equivalent to 3 Ɵmes expec-

taƟon for HL-LHC, so performance degradaƟon

will unlikely be an issue for HL-LHC.

CSC upgrade history and plan
 2013 -- 2014

LS1
2019 -- 2020

LS2
2024 -- 2025

LS3

• CFEBs in ME1/1
   replaced by DCFEBs
• Addition of 72 
   ME4/2 chambers
• Anode FPGA upgraded 
   in ME1/1 and ME4/2
• Optical data and trigger 
   motherboards for 
   DCFEB readout

• Replace DCFEBs in 
   station 1 by xDCFEBs
• Move old station 1 
   DCFEBs to stations 2-4
• Anode trigger board 
   upgrade with optical 
   readout  and more 
   powerful FPGA
• New optical trigger 
   motherboard

• New optical data 
   motherboard
• New system of 
   back end driver to
   accommodate higher 
   input rate


