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Talk  Overview
1.2. The CERN “10 Year Technical Plan” for operation of the LHC 5
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Figure 1.1: A schematic representation of the CMS Detector, with its various sections in re-
tracted positions. The central yoke block is called YB0. The next yoke block 1 (YB+1, with a
corresponding YB-1 on the other side of YB0), is shown partially moved away from YB0. The
yoke block 2 (YB+2, with a corresponding YB-2 on the other side) is shown fully moved past
the vacuum tank of the solenoid. The endcap calorimeters are shown attached to endcap disk
YE+1, then the endcap CSCs and RPCs, then YE+2, more muon chambers, and YE+3, with ad-
ditional muon chambers on the front and back. Eventually, another disk, YE+4 will be added
at the end to provide shielding from beam-related backgrounds. This configuration is repeated
on the other end, with designations now changed to YE-1, YE-2, YE-3, and eventually YE-4. In
operation, the detector is closed by moving all the pieces together.

of 2010 have been not been modified to account for the change in plan to run in 2012 and then
shut down in 2013 and much of 2014. Nor have they been modified to account for the latest
operational experience from the 2011 run. It is worth noting that in the first half of 2011 the
LHC luminosity has exceeded the July 2010 projection by more than a factor of 5 and is likely
to go higher. The LHC has succeeded in accelerating bunches of 1.7⇥1011 protons, which is 1.5
times the design value. The LHC is also operating with a bunch crossing interval of 50 ns rather
than 25 ns. Consequently, the number of interactions per crossing is much higher than expected
in the orginal 2010 plan. If it proves to be impossible to run at 25 ns, the number of interactions
per crossing after 2017 would be twice the number in Fig. 1.3 and would create an even more
severe challenge for the detectors. Figures 1.3 and 1.4, while no longer accurate in the early
years, do give reasonable indications of the challenges that the upgrades must respond to over
the next decade.

Towards the end of Phase 1 the LHC will run at or above the original LHC design luminosity
of 1⇥1034 cm�2 s�1; about 80% of the total Phase 1 integrated luminosity will be delivered in
the three year run starting around 2018. About half of the total will be delivered in annual
periods with a peak luminosity above what the detectors were designed to handle. The two

• We use four CMS RPC (Endcap) 
chamber for the aging study. 

•  Detectors have been installed at 
new CERN GIF++ Facility (2015) 
Ø  We first establish our reference 

point measuring their performance, 
current, rates, etc. 

Ø  We comission all our tools for Test 
Beam and Long Term Monitoring 

Ø  We have started our aging study: 
currently with an extra RPC Test 
chamber. 
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128 Chapter 4. Muon Systems

Figure 4.1: A quadrant of the muon system, showing DT chambers (yellow), RPC (light blue),
and CSC (green). The locations of new forward muon detectors for Phase-II are contained
within the dashed box and indicated in red for GEM stations (ME0, GE1/1, and GE2/1) and
dark blue for improved RPC stations (RE3/1 and RE4/1).

that allow relocation of some DT electronics from the collision hall, and installation of improved
electronics in the innermost set of CSC chambers (ME1/1).

There are three types of muon upgrades proposed for Phase-II: (i) upgrades of existing muon
detectors and associated electronics that ensure their longevity and good performance, (ii) ad-
ditional muon detectors in the forward region 1.6 < |h| < 2.4 to increase redundancy and
enhance the trigger and reconstruction capabilities, and (iii) extension of muon coverage up to
|h| = 3 or more behind the new endcap calorimeter to take advantage of the pixel tracking cov-
erage extension. Overviews of each type of upgrade are presented below, while further details
are included in subsequent sections of this chapter.

4.1.2 Upgrade of existing muon detectors

The present muon system is expected to provide excellent performance throughout the HL-
LHC program. However, it is known that DT electronics will need replacement due to limited
radiation tolerance of some components; this replacement also gives the opportunity to in-
crease the trigger rate capability and performance, and improve maintainability. Additionally,
the 108 inner-ring CSC chambers ME2/1, ME3/1, and ME4/1 will need to have their front-end
cathode cards replaced, since the combination of increased occupancy plus larger L1 trigger
rates and latency in Phase-II will cause their analog pipelines to fill up and lead to unaccept-
able deadtime.

Coordinate System 

Ian Crotty Nicolas Z. 

Glass RPC 24 Sept 2015  
 
 
• Glass RPC closest to source 
centre ( not the frame) is 
2129mm in Z.  

 
• X and Y are not known/
measured.  
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CMS  Endcap  and  Barrel  RPC*  
Detectors  are  mounted  in  two  Trolleys:
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• Glass RPC closest to source 
centre ( not the frame) is 
2129mm in Z.  

 
• X and Y are not known/
measured.  
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Trolley-1: 
    2 CMS RPC RE2 Chambers 
    2 CMS RPC RE4 Chambers 
    6 Gaps 

Trolley-3: 
    1 CMS RPC RE2 “Spare” 
Chamber 
    2 RE1 iRPC KODEL (RE1) 

CMS	  RPC	  RE4/RE2	  

CMS	  RPC	  RE2	  

CMS	  RPC	  RE1	  
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* Monday talk by Isabel Pedraza 



New  CERN  Gamma  IrradiaIon  Facility  (GIF++)
Upstream area of  the GIF++ Facility showing the 
137CS Gamma Irradiator and a dotted red line to 
show the beam line.  Trolley-1 RPC Chambers are 
in the picture, and only part of  the upstream 
section (gammaγ-2 field) is been shown. 

Ø 13.9 TBq  137Cs 
Ø Approx. 1 Gy/h at 1 m 

137Cs	  
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Trolley-1 & Trolley-3 Test Beam October 2015 

Simulated	  gamma	  flux	  for	  Test	  Beam	  

Downstream	  ABS	  46420	  

Measured Background Rate at maximum ABS 1:   
 0.6 - 1.2 kHz/cm2 at HV working point.   

 
 
 

GIF++  Simulated  and  Measured  Background  Rates
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Using: RUN1 (@ 8TeV) and RUN 2 
(@13TeV) data we can estimate the 
maximum expected background rate at HL-
LHC (@ lumi of  5 x 1034 cm-2 s-1 at 14 TeV)  

safety	  factor	  =	  3	  
(included)	   C	  M	  S 
Maximum	  	  

Background	  Flux	  
BARREL	  

~	  	  300	  Hz/cm2	  
ENDCAP	  

~	  	  600	  Hz/cm2	  

RUN2 

CMS  RPC  Expected  Background  Rate

6	  
* See posters by Mariana Shopova, Mehar Ali Sha about performance of  RPC 



 

Tirr ~ 17  months (with AF=2) 

RE2/2	  
<q>	  ≈	  20	  pC	  	  

•  Integrated Luminosity of  3000 fb-1 
•  Instantaneous Luminosity 5 x 1034 cm-2 s-1 
 

safety factor = 3 
(included) C	  M	  S 

Int. Charge (C/cm2) 
@ 3000 fb-1 

BARREL 
~ 0.5 

ENDCAP 
~ 1 

 Teff = 6 x 107 s 
  

Using	  GIF++	  Overall	  efficiency	  of	  70%	  

Current/Rate (pC) Meassure at GIF++   

HVeff	  

CMS  RPC  IrradiaIon  Expected  Time

 HL-LHC :  

Integrated Charge (C/cm2) Maximum Background Flux (Hz/cm2) 

safety factor = 3 
(included) C	  M	  S 

Maximum  
Background Flux 

BARREL 
~  300 Hz/cm2 

ENDCAP 
~  600 Hz/cm2 

7	  AF	  =	  Accelera<on	  Factor	  



Trolley-1 (CMS RPC RE2) Current/cm2 vs HVeff(kV) for different attenuators 
Current  for  CMS  RPC  RE2  (HV)

HVeff(kV) 8	  

We have an example of  the current vs HVeff  for different attenuator factors 



Rates in T1S1
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Figure : Mean background hit rates as a function of the e↵ective high voltage measured through a V1190A TDC module from CAEN in
RE2-2-NPD-BARC-08 placed in Trolley 1, Station 1 during October test beam at GIF++. From left to right, the rates are showed for

⌘-partitions A, B and C respectively for di↵erent values of the absorbtion factor of the Cs137 �-source in the upstream region with respect to
the beam line. The Front End Electronics threshold is set to 220mV and the reference pressure and temperature for high voltage correction
are P0 = 965mbar and T0 = 293.15K .

A. Fagot - GIF++ Meeting - 2nd February, 2016 3

Rates  Measured    for  CMS  RPC  RE2
Trolley-1 (CMS RPC RE2) Mean background hit rate during October Test Beam* 

Partition A Partition B Partition C 

HVeff(kV) HVeff(kV) HVeff(kV) 
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We have an example of  the mean background hit rate vs HVeff  for different attenuator factors 

* Yesterday´s talk by Alexis Fagot 



Example of  Attenuator Scan in one RE2 
during October Test Beam 2015 

Efficiencies    for  CMS  RPC  RE2

Effmax vs Rate for all RE2 and RE4 aging 
chambers during October Test Beam 2015 
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Trolley-1 (CMS RPC RE2) Efficiencies* during October Test Beam 

Rate at HV Working Point (Hz/cm2) 

CMS RPC RE2 
CMS RPC RE2 
CMS RPC RE4 
CMS RPC RE4 

* See posters by Genoveva González about Efficiency studies 



Charge deposition in T1S1
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Figure : Mean charge deposition per hit as a function of the e↵ective high voltage in RE2-2-NPD-BARC-08 placed in Trolley 1, Station

1 during October test beam at GIF++ for di↵erent values of the absorbtion factor of the Cs137 �-source in the upstream region with respect
to the beam line. The results are obtained by getting the ratio of the total monitored current through a SY1527 Power Supply System from
CAEN and the total rate measured through a V1190A TDC module from CAEN. The Front End Electronics threshold is set to 220mV and
the reference pressure and temperature for high voltage correction are P0 = 965mbar and T0 = 293.15K .
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Carge  DeposiIon  at  one  CMS  RPC  RE2
Trolley-1 (CMS RPC RE2) Mean charge deposition per hit during October Test Beam 

HVeff(kV) 11	  

Example of  Attenuator Scan in one RE2 
during October Test Beam 2015 

We have an example of  the charge deposition t vs HVeff  for different attenuator factors 

I m
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 Stability of  the currents of  an old RE4/2 chamber using a Kodel-RE4 spare Gap as reference 

Aging:  Example  of  Monitoring  Tools

12	  
On November 2015, we started the long term irradiation test on an “old spare chamber” in order to validate our protocols.  



The integrated charge Qint(t) (in mC/cm2) is calculated as follows: 
•  Perform discrete integration of                                           using the trapezoidal rule 

•  Neglect points with CAEN HV status ≠ 1 and Source status ≠ 1 

•  Division by the area of  the gap (in cm2)  

13	  

Results representative gap: 
ü  Area: 6432 cm2 

ü  Monitoring time: 87 days 
ü  HV status = 1:   52% 
ü  Source on      :   60% 

On November 2015, we started the long term irradiation test on an “old spare chamber” in order to validate our protocols.  

Example  of  CalculaIng  Integrated  Charged  



RPC Consolidation aging test:    
●  Completed the characterization of  the two RE2 and two RE4 CMS RPC chambers.   
●  Completed the commissioning of  all tools needed to control* and monitor the system.    
●  Started, since November, an aging test  on a spare chamber.    

      We will begin soon the irradiation of  two chambers.  
The other two will be used as reference (off  almost all the time).   

 

iRPC aging test:   
●  Ready to start the aging test on the iRPC prototypes.  The test will begin as soon as 

we have a prototype in agreement with all CMS requirements.  
●  Assuming, an AF of  3, plan is to be able to certify for 10 years of  HL-LHC the iRPC in 

about 1.5 years of  irradiation time at GIF++.  
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Conclusions

* See posters by Muhammad Gul about DCS in GIF++ 



Backup

15	  



FEB – radiation tests 
Radiation tolerance: 
 
•  FEBs have been tested up to a neutron fluence of  1012 neutrons/cm2, 

corresponding to 3000 fb-1 in the region of  |eta| < 1.6 
 
•  Most of  the front-end electronics is analog, so SEUs would just increase the 

spurious noise rate by a negligible quantity  

During the GIF++ irradiation test, the FEB* will stay always on.  
Plan to integrate a value of  gamma fluence and dose corresponding to 3 time the 

expected ones.  
 
 *	  The	  front	  end	  Electronics	  trheshold	  is	  set	  to	  220mV	  and	  the	  reference	  pressure	  and	  

temperature	  for	  high	  voltage	  correc<on	  are	  Po=965	  mbar	  and	  T0	  =	  293.15	  K	  	  
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Aging  studies  summary
Detector life-time could depend by:  
1.  The integrated charge  
2.  The long-term operation of  RPCs with a fluoride-rich gas 
3.  The material and component degradation 

We will  spot aging effects, by recording    
1.  Current and rate (twice per week) at fixed working point in presence of 

background.  
2.  Detector performance (efficiency, cluster size..): plan to test the chambers 

with muon beam (when possible, about once every 2 months). First 
characterization done in Oct. 15.    

3.  Bulk resistivity: plan to do every 2 months (with Argon).   
4.  Intrinsic noise and bulk dark current: plan to measure I vs HV and rate vs HV 

with source closed (once per week).    
5.  Gas leak and pollution: plan to measure the leak and HF production once per 2 

months 
 
The behavior of the irradiated chambers will be compared with a non 
irradiated one.   17	  



Efficiency  Sigmoid  Fit

Glass Resistive Plate Chambers New Electronics Bibliography

E�ciency sigmoid - Working point

The e�ciency �m is calculated by dividing

the event counts Ne detected inside the

gRPC over the number of triggers Nt in the

scintillators.

The fitted e�ciency ��⇥ curve is given by a

sigmoidal function of HVe� using the follow-

ing parameters [2] :

• �max : asymptotic e�ciency,

• HV
50%

:

�max
2

inflection point,

• ⇥ ⇤ slope at inflection point.

�m =

Ne
Nt

⇤� =

�
�(1��)

Nt

��⇥ = �max

1+e��(HVe� �HV
50%

)

Adjusting those parameters, the working point of the chamber is

HVWP = HVknee + 150 V
HVknee : HVe� value at ⇥�⇤ = 0.95 · �max

Alexis Fagot - Gent Experimental Particle Physics group meeting 8

This(is(not(the(efficiency(calcula4on(we(use(
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