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Is the upgrade limited to CMS or even LHC? 

Answer: Of course NO. 
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Large Hadron Collider (LHC) 
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Barrel vs. Endcap 
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THE CMS DETECTOR (Closed) 
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THE CMS DETECTOR (Open)  

Silicon pixel & 

strip tracker 

Muon Spectrometer 

Electromagnetic 

calorimeter 
(Scintillating PbWO4 

crystals)  

Hadron calorimeter 
Plastic scintillator/brass  
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Weight: 12000 t  

Length: 21.6 m   

Diameter: 15 m   

Magnetic field: 3.8 T 

Cylindrical barrel region (Drift Tube & RPC)  

4 coaxial stations interleaved with the iron return yoke plates, grouped 

into 5 wheels around the beam line  

 

Planar endcap region (Cathode Strips Chambers & RPC) 

4 planar stations (disks) interleaved with the iron return yoke plates.   

RE-4 has been installed while RE+4 is now being built. 



Cross-Sectional Sector of CMS 
at Barrel region (Center) 
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Local 

reconstruction 
Performed within 

single chamber 

Tracker track 

reconstruction 

Standalone Muon 

reconstruction 
Performed using DT/CSC 

segments & RPC hits 

Global muon reconstruction (out side –in): a standalone muon is propagated to match a tracker 

track. If matching is positive a global fitting is performed.  

Tracker Muon (inside – outside): a tracker track is propagated to muon system and qualified as 

muon if matching with standalone or one segment.  



Barrel 
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Installation of 36 RPC super modules (SM) finally underway since Friday (April 25). 

The installation team is working under difficult conditions: 

 

- With a 3.5 m gap between YE+3 & YE+4. 

- YE+4 is on the push back system with 4 long screws, air pads and on the far side tracks 

for the air pad. 

 

On Friday (April 25) due to very limited available time in the evening, only one SM was 

installed until 7:00 pm. 

On Saturday (April 26) even with 90 min problem with the crane and exercise by CERN 

firemen, installation team worked very efficiently and managed to install 7 more SMs. 

 

All 8 SM are installed on yoke towards the near side. The number and  location is as 

follows: 

SM40 (29), SM57 (31), SM46 (33), SM45 (35), SM44 (01), SM47 (03), SM59  

(05) & SM38 (07) - numbers in the brackets refer to CSC slot numbers. 

RE-4 Installation: April 25-26, 2014 



RE-4 Installation: April 25-26, 2014 



7 SMs have been installed yesterday (ON yoke). 

 

SM39 (27), SM52 (25), SM64 (23), SM11 (21), SM60 (19), SM63 (17), SM?? (09) 

 

SM61 on CSC slot 15 doesn’t fit, so brought down and need bit of fixing. 

 

Reinforcement bars have been placed on 

 

SM40 (29), SM57 (31), SM46 (33), SM45 (35), SM44 (01), SM47 (03), SM59 (05),  

SM38 (07), SM39 (27), SM52 (25), SM64 (23) 

 

In addition, there was a small accident at 18:15 on April 27; one of the cooling valves  

was opened but closed immediately (for about 10 sec). No damage happened except for 

some water on YE+4. 

RE-4 Installation: April 27-28, 2014 



Total of 21 SM have been installed 

 

ON-yoke SMs 

The remaining three SM have been installed.  

SM61 (15), SM65 (13), SM62 (11) 

This completed the ON yoke SM. 

  

OFF-yoke SMs 

Following OFF yoke chambers have been installed. 

SM54 (24), SM55 (26), SM53 (20) 

  

Reinforcement Bars for ON-yoke SMs 

Following SMs have been left without reinforcement bars 

SM62 (11), SM65 (13), SM61 (15) 

Done for otherwise 

RE-4 Installation: April 29, 2014 



Triggering: Example 



CMS Trigger System 

Two level trigger system filters out “interesting” 

events:  

       Level 1 trigger (made by custom electronic):  

       40 MHz  100 kHz  

       latency < 3.2 ms 

      High Level trigger (made by a processor farm):                  

      300 Hz  

      decision made in 1s  

RPC hits CSC hits DT hits 

Local 

trigger 

Segment 

Track 

finder 

Pattern 

Comparator Track 

finder 

Global Muon Trigger 

L1 Muon Trigger 

m m m 

m 

Global Trigger 

L1 Calorimeter Trigger 

Global Calorimeter 

Trigger 

L1 trigger  100kHz  

Local 

trigger 

Segment 

DT local trigger: provide trigger segments (in f and q view) 

for each chamber. Each trigger segment has to be associated to 

the BX at which the m candidate was produced.  

RPC trigger: the RPC hits are compared with predefined sets 

of patterns. A m candidate is produced if the hits fit a pattern 

and are in the same BX.   

e/, J, ET, ET
miss 



Longevity R&D for Existing 
Muon Detectors 

 Common plans: typically late-2014 to 2017 
 Detector and electronics radiation tests at GIF++ (all three sub-

detectors plan tests with source and beam) 

 Neutron and/or proton beams for electronics single event upsets 

 

 DT specific plans: 
 Replacement of the mini-crates: electronics design 2015-20 

 

 CSC specific plans: 
 CFEB rate capabilities at various latencies – verify expectations 

with data 

 

 RPC specific plans: 
 R&D on Freon-less gas mixtures (LHC- and CERN-wide project) 

includes tests at GIF++ 

DT: glue 

needs  

to last 30 

years 

RPC chambers for 

GIF test 



New Muon Detector (GEM) 

 GEM detectors (proposed for GE1/1, GE2/1, and ME0  
 Chambers: well-advanced in context of GE1/1 

 5th generation prototypes, assembly techniques optimized 

 GE2/1 very similar to GE1/1 but 2x larger, ME0 about the same size but more 
layers; further industrialization, QC, and other studies ongoing 

 Front-end electronics: existing VFAT2 (digital), VFAT3 (analog/digital) needed for 
CMS and under design 

 Back-end, DAQ, and trigger electronics R&D: under development for slice test 
and GE1/1 

 Improved RPC detectors 
 Glass: 6 chambers to be tested at GIF++ 

 High rate capability and time resolution to be studied 

 Bakelite:  

 Lower resistivity, smaller gap for lower HV  being developed (CMS-ATLAS-
ALICE) during 2014-16 

 New FE electronics with ATLAS chip 2014-16 

 Muon Fast Track Tag (MTT) for barrel 
 Fast scintillator tiles read out with SiPMs and combined with DT/RPC in L1 trigger 

 Study ghost suppression, efficiency and timing in HO 2014-16, develop 
prototypes 2014-20 

 

 

GE1/1 slice test 

YETS 2016 

VFAT3 

New RPC 

electronics 



CMS Trigger System 

Two level trigger system filters out “interesting” 

events:  

       Level 1 trigger (made by custom electronic):  

       40 MHz  100 kHz  

       latency < 3.2 ms 

      High Level trigger (made by a processor farm):                  

      300 Hz  

      decision made in 1s  

RPC hits CSC hits DT hits 

Local 

trigger 

Segment 

Track 

finder 

Pattern 

Comparator Track 

finder 

Global Muon Trigger 

L1 Muon Trigger 

m m m 

m 

Global Trigger 

L1 Calorimeter Trigger 

Global Calorimeter 

Trigger 

L1 trigger  100kHz  

Local 

trigger 

Segment 

DT local trigger: provide trigger segments (in f and q view) 

for each chamber. Each trigger segment has to be associated to 

the BX at which the m candidate was produced.  

RPC trigger: the RPC hits are compared with predefined sets 

of patterns. A m candidate is produced if the hits fit a pattern 

and are in the same BX.   

e/, J, ET, ET
miss 



GEM Assembly-1 



GEM Assembly-2 



GEM Assembly-3 



GEM Assembly-4 



GEM Prototype for Egypt 
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Summary 

Interventions and maintenance of Barrel is DONE. 

 

RE+4 is installed, cabled and intervened . 

 

RE-4 is being installed starting April 25, 2014. 

 

New Muon Detectors (GEM) are to be installed during LS2. 

 

A GEM prototype has been assembled and tested for Egypt. 




