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CMS:
Muon is our middle name

2

Muon subdetectors 
employ 3 

technologies 
• Drift Tubes (barrel)
• Resistive Plate 

Chambers (barrel 
& endcap)

• Cathode Strip 
Chambers 
(endcap) - the 
focus of this talk



Cathode Strip Chambers 
record muons in 0.9 < |η| < 2.4

• cope with non-uniform magnetic field, high radiation rate
• 468 multiwire proportional chambers (in Run 1)
• Each chamber is constructed from 7 copperclad trapezoidal panels 

forming 6 gas-gap layers 
• anode wires (at 2.9 - 3.6 kV) measure the R coordinate and timing 
• cathode strips (3-16 mm wide) are etched onto panels; measure Φ 

coordinate → critical for pT measurement
• 3D segment obtained by fitting 2D points; local charged tracks are 

trigger primitives  

3
6 

Cathode Strip Chambers (CSC) 

Daniele Fasanella - SILAFAE 2010, 6-12 Dec 2010, Valparaíso (Chile) 

468 chamber that cover the Endcaps of the 
experiment: non-uniform magnetic field and higher 
radiation rate. 

•  φ coordinate measured by 
charge distribution on strips 

•  R coordinate measured by wires 
•  3D Segment obtained by the fit 

of the 2D points from the 6 
layers of each chamber 

•  The chamber spatial resolution is 
100 μm 

•  Chambers gives also Trigger  

determination. The signals also provide a coarser position
determination along the radial direction.

Fig. 2 shows the diagram of the CSC DAQ [6] electronics
system. The system consists of on- and off-detector electronics.
The on-detector electronics includes Cathode Front End Boards
(CFEB) [7] and Anode Front End Boards (AFEB) [8], which are
mounted on the chamber, and Data Acquisition Motherboards
(DAQMB), which sit in the peripheral VME crate on the edge of the
endcap iron yoke. The off-detector electronics includes the
Detector Dependent Units (DDUs) and the Data Concentrator
Cards (DCCs), which sit in the Front End Driver (FED) VME crates
in the radiation shielded underground service cavern.

According to simulation, the total data rate is about 1.5!109

byte/s at the nominal LHC luminosity with designed CMS L1A [5]
rate of 100 kHz. The CSC Data Acquisition (DAQ) system can be
configured to handle five times larger or smaller data rates, and
has high flexibility.

The electronics boards were custom designed and produced
specifically for the CSC DAQ system. ASICs were designed for the
front-end boards for handling the analog signals. Field Program-
mable Gate Arrays (FPGA) were used for digital logic controls. First
In First Out (FIFO) memories were used to buffer the data at
different stages. Parallel Cyclic Redundancy Checks (CRC) [9] were
used to verify the data integrity.

CMS wide data synchronization is done using L1A signal. Upon
receiving an L1A, the CSC DAQ sends the data for that event to
CMS DAQ. In the current design, the DAQMB, DDU and DCC are
expected to process event packets at an L1A rate of about 100 kHz.
As a verification that each chamber read-out is synchronized and
event assembly is correct, each board in the CSC DAQ system
maintains its own L1A counter, which is included in the data
stream. As a redundant check, a beam-crossing counter is also
maintained on each board, and included in the data stream.

The CSC DAQ system buffers the data at many levels in order to
operate reliably at high rates and minimize the dead time. The
cathode strip data are buffered in Switched Capacitor Array (SCA)
[10] ASICs on the CFEBs. Chamber data are buffered in multiple
FIFOs on the DAQMB. The DAQMB data are buffered in FIFOs on
the DDU, and the DDU data are buffered in FIFOs on the DCC.

2. On-detector DAQ electronics

2.1. Cathode front end board (CFEB)

2.1.1. CFEB overview
The CFEB is an analog and digital hybrid printed circuit board.

It connects to the chamber cathode strips through shielded copper
wire cables. The cathode signals are amplified, buffered and
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Fig. 2. CSC DAQ system layout. The system includes the on-detector electronics: CFEB, AFEB and DAQMB, and off-detector electronics: DDU and DCC.

Fig. 1. Trapezoidal CSC modules mounted on an iron disk forming one of eight end
cap stations in CMS. Eighteen CSCs form the inner ring, and 36 CSCs form the outer
ring. The on-chamber electronics boards are shielded with aluminum covers.

B.G. Bylsma et al. / Nuclear Instruments and Methods in Physics Research A 600 (2009) 661–672662



0 2 4 6 8 10 12 z (m)

R
 (m

)

1

0

2

3

4

5

6

7

8

1 3 5 7 9 11
5.0

4.0

3.0

2.5
2.4
2.3
2.2
2.1
2.0

1.9

1.8

1.7

1.6

1.5

1.4

1.3

1.2

1.00.9 1.10.80.70.60.50.40.30.20.1
40.4°44.3° 36.8°48.4°52.8°57.5°62.5°67.7°73.1°78.6°84.3°

0.77°

2.1°

5.7°

9.4°
10.4°
11.5°
12.6°
14.0°
15.4°

17.0°

18.8°

20.7°

22.8°

25.2°

27.7°

30.5°

33.5°

θ°
η

θ°η

M
E4

/1

M
E3

/1

M
E2

/1

M
E1

/2

M
E1

/1

M
E2

/2

M
E3

/2

M
E1

/3

R
E3

/3

R
E1

/3
R

E1
/2

MB1

MB2

MB3

MB4

Wheel 0 Wheel 1

RB1

RB2

RB3

RB4

HCAL

ECAL

Solenoid magnet

Silicon 
tracker

Steel

DTs
CSCs
RPCs

R
E2

/2

Wheel 2

R
E2

/3

R
E3

/2
M

E4
/2

R
E4

/3
R

E4
/2

Two CSC upgrade efforts 
in first LHC Long Shutdown 

4

Installation of 72 new 
MuonEndcap4/2 chambers 

(missing in Run 1)

Upgraded electronics for 72 ME1/1 chambers to cope with larger rates



72 new ME4/2 chambers have been  
installed and commissioned

• provides four-station redundancy over full 0.9 < |η| < 2.4 range  
• improved efficiency in region 1.2 < |η| < 1.8
• reduction in muon fake rate for trigger and offline reconstruction
• chamber panels cut, milled, cleaned, polished at Fermilab
• chambers constructed (wire winding, assembly, instrumentation) at CERN  
• tested on surface before installation, then tested in situ 
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The ME 4/2 Upgrade
• Completion of the 4th station of CSC 

chambers will provide :

- four station redundancy over the full 0.9< |η| < 
2.4 range 

- a significant reduction in muon fakes at trigger 
and analysis level + improved L1 efficiency for 
the region 1.2 < |η| < 1.8

L1 A rate vs muon pT threshold (simulation 2010)

without ME 4/2

with ME 4/2

• Production of new chambers, instrumentation, 
and installation of ME 4/2 is now complete

- panels for chambers cut, milled, cleaned & 
polished at FNAL

- construction of chambers (including wire 
winding/soldering, mounting of connectors, 
physical assembly, and instrumentation) 
completed at CERN Prévessin site (b904) 

All 72 ME 4/2 chambers now 
installed
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hardware (Level 1) trigger rate vs. 
muon pT threshold (2010 simulation)
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ME1/1 electronics  
upgrade motivation

• ME1/1 chambers are closest CSC’s to the interaction point (1.6 < |η| < 2.4):  
face the largest muon flux 

• segmented into 2 sub-chambers (ME1/1a & ME1/1b), by a gap along the 
cathode strips - different wire spacing / orientation in the two regions  

• ME1/1a strips were triple-ganged every 16 strips → caused a 3-fold ambiguity 
in triggering and reconstruction.  Chosen to reduce number of readout 
channels; since Run 1 added 2 on-chamber readout electronics boards.  

6
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ME 1/1  Pre-LS1
• Covering the region 1.6 < η < 2.4, the 72 ME 1/1 chambers comprise the CSC sub-

system located closest to the interaction point.!
• In common with all CSC chambers, each ME 1/1 chamber consists of 7 copper-clad 

trapezoidal panels forming 6 gas-gap layers, with alternating cathode strips and anode 
wires!

• However, the ME 1/1 chambers feature unique segmentation into 2 sub-chambers (via a 
physical separation along the cathode strips) into sub-chambers ME 1/1/A and ME 1/1/B

CSC!

CFEB!

CFEB!

CFEB!

CFEB!

ALCT!
1 of 24!

CFEB!

LVDB!

CSC!

CFEB!

CFEB!

CFEB!

CFEB!

ALCT!
1 of 24!

CFEB!

LVDB!

A

B

• Due to space constraints, ME 1/1 A strips 
were triple “ganged” every 16 strips in 
readout

- this caused a 3-fold ambiguity in triggering and 
reconstruction in ME 1/1 A

pre-Upgrade ME1/1 a strip “ganging”

- one of the upgrade’s goals is to eliminate this feature
A

B



Readout ME1/1 electronics upgraded on chambers, 
in peripheral crates, and in front end crates

7

72 chambers were extracted,  
re-instrumented, tested, & reinstalled

To front end 
 driver crate



Upgrade of on-chamber  
ME1/1 electronics

CFEB → DCFEB  

(Digital Cathode Front End Board) 
• Replace old (analog) CFEBs, which were transferred to 

new ME4/2 chambers
• Over 2400 individual electronics components
• flash ADCs replace switch capacitor array
• fully digital pipeline:  effectively no deadtime, better 

able to handle pile-up
• improved FPGA (Virtex 6)
• optical data read out 
• 5 CFEBs → 7 DCFEBs (no triple-ganging in ME1/1a)  
• 554 boards (incl. spares) produced & tested
• extensive radiation testing 

Other new electronics 
• new low voltage distribution and monitoring boards to 

handle increased consumption / channels from 7 
DCFEBs

• Anode local charge track board equipped with 
Spartan 6 FPGA to handle larger rates.  8



Upgrade of peripheral crate 
ME1/1 electronics

9
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The New ME 1/1 off-chamber Electronics
New Optical DAQ Mother Board (ODMB)

• New DAQ board with more capable FPGA, capable of handling data 
from 7 DCFEBs via optical readout 

NEW Optical Trigger Mother Board (OTMB)

• New mezzanine board featuring upgraded FPGA for enhanced trigger logic 

• more robust optical cathode readout and control (replacing copper 
cables)

72 of each board produced, 
tested, and installed in 
peripheral crates at point 5
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DMB → ODMB (Optical DAQ Mother Board) 
• Two main tasks, both related to DCFEBs:

• Trigger, timing and control distribution.
• Data acquisition.  

• Upgrade:  Improved FPGA (Virtex 6) to handle 7 DCFEBs & 
optical readout.  

TMB → OTMB (Optical Trigger Mother Board) 
• Constructs cathode track segments and performs matching 

to anode tracks for triggering.  
• New mezzanine board with upgraded FPGA → improved 

trigger logic. 
• Receives data optically.  
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ME1/1 and ME4/2 chambers were  
tested thoroughly before (re)installation 

• comprehensive suite of tests: basic functionality, 
connectivity, trigger logic, data quality & noise 
levels 

• use generated pulses and cosmic rays
• 4-weeks of high voltage monitoring & gas leak tests
• all connectivity and data quality tests repeated in 

situ  
• included in global CMS cosmic ray data taking  
• a few problems identified and repaired:  bad 

boards, loose connections, etc.  

10

Event display of a 
triggered cosmic ray 
muon detected in 6 
layers of strips.  

9

ME 1/1 Testing/Commissioning
• Each ME 1/1 chamber was subjected to a 

comprehensive suite of tests prior to re-installation 
with new electronics. 

- checked for basic functionality, 
connections, trigger logic, and data quality

- pre-installation testing was completed on 03/21/2014

- the final ME 1/1 chamber was re-installed on 04/09/2014

• Post-installation commissioning in 3 stages :

[1] repetition of all pre-installation tests 

[2] performing ‘local runs’ 

[3] participating in global runs

- minor issues (mainly related to cabling) found and 
repaired on a few chambers

- ME 1/1 chambers included in runs with other CSC sub-systems

- thorough test of L1A response timing and cosmic ray data 
quality 

- aim to include ME 1/1 in upcoming CMS global runs

- current focus is on scaling single-chamber timing procedures 
to handle multiple chambers simultaneously
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Run 2 CSC performance
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Exciting Times Ahead!


Boosted Top Candidate


First stable 
13 TeV collisions

June 3, 2015
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The reconstructed hit occupancy 
is uniform across all stations
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Plus endcap:  

Minus endcap:  

• Problematic chambers typically produce low or high occupancy.  
• One chamber (ME-3/2/22) had been disabled because of a faulty board, since replaced.  
• Otherwise occupancy is good in all chambers.  



The hit efficiency has improved since Run 1
Run 2Run 1
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ME4/2 chambers installed

Problematic chambers 
in ME1/1 repaired
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The hit position resolution has  
improved in ME1/1a (2.1<|η|<2.5)

• The improvement in resolution in 
ME1/1a is primarily from the 
removal of triple-ganging the 
strips.  This reduces the 
capacitance, which in turn 
decreases the front-end noise.   

• Resolution in all CSC stations 
varies from 50 - 140 μm, 
depending on the station.  
Corresponds to resolution in Φ 
of ~0.1 mrad.   
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ME1/1a resolution improved by 20% 
Run 2:  σ = 51 μm
Run 1:  σ = 64 μm

The difference between the position of 
a reconstructed hit in layer 3 and the 
position obtained by fitting a segment 
with hits from the other 5 layers.  
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Timing study 
For each station, find the

clock delay that maximizes 
# local tracks in correct time window.  

The interaction point time of 
reconstructed hits is centered at 0, as 
expected for timed-in chambers.  The 

timing and synchronization accuracy is at 
the level of Run 1.  
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Readiness of entire  
muon system in Run 2
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Performance of Tight Muon ID 

Tag-and-Probe efficiency for Tight Muon ID on Z→µµ events from a subsample 
of data recorded in the last part of the 2012 Run, reconstructed with both the 
Run-1 and Run-2 reconstruction algorithms  

�  Left: efficiency as a function of muon pseudorapidity for muon pT > 20 GeV  

�  Right: efficiency as a function of the number of reconstructed vertices for  
          muon pT > 20 GeV and |η| < 2.4  

The muon reconstruction efficiency
has improved by 1-2%

• Efficiency to pass tight muon 
ID is measured with Z→μμ 
tag and probe study.  

• The Run 1 and Run 2 muon 
reconstruction algorithms 
are applied to the same set 
of Run 1 data.

• Improved performance is 
mainly due to new muon-
specific tracking iterations.  

• Improvement is independent 
of pseudorapidity (shown 
here) and number of vertices 
(not shown).  

region of CSC coverage
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Muons Run II Reconstruction

Z!µµ invariant mass


•  pT > 20 and 10 GeV,  |η| < 2.4   

•  Both muons passing a loose 
isolation 


•  Run II Improvement 1-2%


Displaced Muon Reconstruction


•  Global: Designed for displaced in-
time muons produced within the 
inner-tracker volume


•  Standalone: Designed for muons 
produced in decays far from the 
interaction point possibly with 
significant delay with respect to 
the time of the interaction (out-of-
time or delayed) 


First look at 13 TeV data: 
Z→μμ events

• pT > 20 & 10 GeV, |η| < 2.4, loose isolation requirement
• MC:  

• alignment & calibration conditions as expected after 1 fb-1

• no pile-up reweighting 
• Simulation agrees with data

18
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Muons Run II Reconstruction

Z!µµ invariant mass
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Dimuon'invariant'mass'in'vicinity'of'Y(nS)'
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The history of particle physics  
for the first time at √s=13 TeV

• Dedicated triggers target various resonances.  
• Data around resonance peaks well-described by fits.  
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Muons


•  Di-Muon Mass spectrum collected with various di-muon triggers


•  Continuous distribution (grey) represents events collected with 
inclusive di-muon triggers with high pT thresholds"
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The CMS Cathode Strip Chambers 
are ready for Run 2

• A great effort of many people over 
the past 2+ years has gone into 
preparing the CSC’s for Run 2.  

• Improved ME1/1 electronics 
remove ambiguity from triple-ganging 
of strips in ME1/1a, reduce deadtime 
by storing data in digital pipeline.  

• New ME4/2 chambers provide 4-
station redundancy → reduce fake 
rates and improve efficiency.  

• The CSC’s have been timed in and 
are taking data with high efficiency.  

• Performance of CSC’s in early stages 
of Run 2 is improved from Run 1.  

20

Isobel Ojalvo 
 
 US CMS EPS 2015 Summary:  First look at 13TeV Data!
 July 23, 2015
 23


We expect many interesting events like 
this one in the months/years ahead!

muon detected by CSC's


