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Muon detector @UPG2  
in a nutshell 

Baseline option as in the FTDR: 
• Inner regions (R1-R2): µRWell (new 

generation MPGD) à 144 chambers, 23 m2, 
Max Rate: ~ 1 MHz/cm2

• Outer regions (R3-R4): MWPCs (present + 
new high granularity) à 960 chambers, 
364m2, Rates: up to 20kHz/cm2

• New FE Electronics  

Other Options under study  for outer regions: 
• RPCs and/or Scintillating Tiles  or... ?
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Discussion/revision ongoing...  

FTDR Estimates  still valid

2



µRWell for the R1 and R2 Regions
• New generation MPGD detectors, optimized to cope with rates up to 

few MHz/cm2 suitable for the Muon inner regions @ Upgrade 2 
conditions (max expected rates ~1MHz/cm2)

• Developed a new layout, easier to be produced: PEP HR 

• Version PEP-v2.1   under test with FATIC 

• Studies with ECO-friendly gas (no CF4):  Ar:CO2:iC4H10 = 68:30:2 % 

• Groups currently involved:  LNF and Bari 

• More details in the dedicated talk 
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MWPC For the R3 and R4 Regions

• M1R2 chambers in RUN1+RUN2 integrated  0.7 C/cm with no visible 
signs of ageing à this charge will be integrated  at 350fb-1 only in 
M2R3, with all other R3 and R4 regions well below 

à we do not expect significant ageing effects (to be checked with more 
tests and opening M1R2 chambers)

à for the rate capability  and inefficiencies see next slide...

• The initial plan (as in the framework TDR) was to fully equip R3 and R4 
by keeping ~90% of R3 and R4  MWPCs and build ~ 100 new high 
granularity  MWPCs (to be built in PNPI...)

• the present political situation and a more precise estimate of rates and 
expected inefficiencies is significantly affecting this  plan 
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Max integrated C/cm at 50 fb-1  à max 
0.7 C/cm @ 350 fb-1 



MWPC For the R3 and R4 Regions
• At present we cannot count on russian institutions à we cannot 

build new MWPCs

• We are estimating the expected inefficiencies (possibly up to 
IsMuon) with the UPG2 extrapolated rates and with different  FEBs 
dead times (at present is ~100ns) 

• Depending on the results (in ~few months) we can envisage few 
scenarios: 

1. it’s possible to design new FEBs with dead time such to have a”fully 
efficient” detector (total ineff <few%)  we will replace all FEBs on the 
present MWPCs  (anyway a lot of work!)

2. It’s not possible: 
1. Equip R3&R4 with a brand new technology à more groups needed!
2. Keep the detector as it is now, accepting the inefficiency (to be seen 

also as a downscaled option)  
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Expected M2 rates at 1.5 x 1032cm-2s-1 for 
Single (top) and bigap (bottom) readout



New FE Electronics 
• The readout electronics is a crucial point of the project

• Once we have the estimates of ineff. vs  deadtime we’ll  see if 
it’s possible to design a FEE that satisfies the requirements

• We can read single gaps everywhere but M2, M3, M4 - R4 
• If “useful” we can also logically combine the 4 gaps, but 

inefficiency have to be careful evaluated  

• The option of keeping the present electronics is discouraged 
(mainly due to ageing) but not discarded...  (e.g. for a 
downscaled option). 
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Proposed Upgrade 2  FEE 

Present FEE 
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Gap

Gap

Gap



Other Options for External  Regions 

RPCs for the R4 region
• Thin RPC (1.6mm) with ECO-friendly gas 

(CO2/HFO mixture) seems promising
• Designed an RPC triplet with thin gaps 
• Tests ongoing with cosmics and  at GIF++

• Working on a FATIC version for both: RPCs and 
µRWELLs (FATIC3) 

• Groups involved:  Bari 
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RPC triplet prototype with  thin 
gaps designed for LHCb UPG2

M.Deserio



Other Options for External  Regions 

• SCI-Tiles for the R4 region
• Simple to build and relatively inexpensive, main issue 

is the radiation damage of SiPMs, which should be 
put in a shielded-cooled volume and/or replaced 
periodically (~1-2 years). 

• Needs more studies and more groups

• Groups involved: Ferrara
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Scintillating Tiles 



Spare Slides
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