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Overview

• Rates estimate from FEB scaler data: 
• Rates/cm2

• Rates/physical-pad and possible scenarios for the UPGII detector
• Minimal option
• Other options

• Electronics
• Summary and next steps 
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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 for outer regions: 
• RPCs and/or Scintillating Tiles 

LHCb UPG2  Electronics  Workshop   Jun 22  2022  

Discussion/revision ongoing...  

FTDR Estimates  still valid



Data Sample

Scalers data taken on Sept. 23rd 2018:
• https://lblogbook-run2.cern.ch/MUON/7164
• 542 bunches colliding in LHCb
• 4 lumi points: (1.1, 1.4, 2.39, 3,12) x1032 cm-2s-1

luminosity averaged  over 10min around the file 
time-stamp 

• 2 quadrants: Q2 (A side down) and Q3 (C side 
down)

• A and C side independent measurements à used 
as a cross-check 

• One rate value per DIALOG channel (OR of 2 
projective PADs in bi-gaps), 16 values per FEB 

• FEB INPUT rates (scalers are before any logical 
combination) 

• Quite some work was already done by Oleg (one 
lumi point, 1 quadrant)

Example of scaler file 
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Method (I)
• Import data to excel 
• Exclude bad values:  0, -1,  noisy channels (defined as rates>10 

times the average) 
• Average rate  per chamber (separately for PADs and Wires 

where needed)
• Calculate the Single gap rate  from the formula: 

• R1G =  R2G/2*(1+3fc)/(1+fc)
• Latest fc values from Giacomo (2015 data @ 6.5TeV)

• Calculate the Single-gap-rate/cm2 dividing  by Physical Pad 
area

• Include rate reduction factors (MC estimate) for:
• Additional shielding installed in LS2 (HCAL&M2 new beam plugs + 

Tungsten) 
• “Iron wall” option D: full iron  up to R3, iron-concrete “sandwitch” in R4 

central area  
• Linear fit of the 4 lumi points and projection to 1.5x1034cm-2s-1

• Plot of single and bi-gap rates  per cm2 and per physical pad 

fc: fraction of correlated hits

Reduction factors: Additional Shielding (LS2)

Reduction factors:   Iron Wall 
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Method (II)

• In M2R4, M3R4, M4R4 we cannot separate the bigaps 
(physically connected inside the chamber) 

• Estimate the single channel input rate to the FEBs  
• In order to keep the Dead Time inefficiency below 5%, 

assuming a DT=100ns, we should keep the input rate below 
500kHz 

• A safety factor of 2 is taken since:  
• The maximum/average  ratio on a chamber has a maximum 

at ~2 and is ~ 1.5 on average 
• The correlation factor fc has large uncertainty which can 

cause  an underestimation of the rates up to a factor ~1.5  

à in what follows the limit on the average rate is considered   
250kHz

Typical distribution, over a quadrant (69 CMBs), of 
the Max-rate/AVG-rate  ratio on a chamber
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M2 and M3 Single Gap Hz/cm2 

M2 A side M2 C side

M3 A side M3 C side
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M4 and M5 Single Gap Hz/cm2 

M4 A side M4 C side

M5 A side M5 C side
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• In the following slides are reported the Physical PAD rates and some 
considerations on the  number of chambers to be replaced  in R3 and R4 to cope 
with UPG2 rates 

• We assume that R1 and R2 will be equipped with new chambers and electronics 
• Remember that in M2R4, M3R4, M4R4 we cannot  separate the bi-gaps into 

single gaps à single and bi-gap rate will be reported 

• In general A and C side are well  in agreement, some difference in M5 
• In M2 the situation is more complex and several options are possible, it will be 

discussed as the last 
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M3 Physical PAD Rates
Single GAP Rate Bi-GAP Rate 

• Here we can move  5 M3R3 to R4 and put 5 new M3R3 chambers  
à we should produce at least 20 new M3R3 with pads at least 2 times smaller 
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M4 Physical PAD Rates
Single GAP Rates Bi-GAP Rates 

Also here we can move  5 M4R3 to R4 and put 5 new M4R3 chambers 
à we should produce at least 20 new M4R3 with pads 4 times smaller 
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M5 Physical PAD Rates
Single GAP Rate A side  

• M5 C Side  has higher rates in C-D/11-16 (~factor 2  in ALL FEBs...)
• In both sides there  is a clear back-splash effect from a LHC downstream magnet (visible also in the 

online monitor plots)    
• In M5 we could move 8 M5R3 chambers to R4 and produce 8  new M5R3 with pads 4 times smaller 

à we should produce a total of at least 28 new M5R3 chambers with pads 4 times smaller 
• The back-splash from LHC should be  reduced adding more material (as done already behind M5)

Single GAP Rate C side  
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M2 Physical Pad Rates: Minimal Scenario 
Single GAP Rate Bi-GAP Rate 

• 5 M2R3 and 35 M2R4 to be replaced 
• Minimal scenario: 

• Move 5 M2R3 to R4 and build 5 new M2R3 with pads 4 times smaller à 20 new M2R3 1/4 pad size   
• Build: (33-5)x4 = 112 new M2R3 chambers to be put in R4 à 112 new M2R3  same pad size
à A total of 132 new chambers
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M2 Physical Pad Rates: “Ideal” Scenario 
Single GAP Rate Bi-GAP Rate 

• Given the high number of chambers to be replaced in order to give the detector a “reasonable” shape (~160 out 
of 240), we could also consider the possibility to build a completely new M2. Rates are in the range: 
• R3: 2-20 kHz/cm2

• R4: 1-10 KhZ/cm2

• This would mean to build 48 new M2R3  and 192 new M2R4 à a total of 240 new chambers 
• Clearly there are several intermediate scenarios between the minimal and “Ideal”
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Summary of chambers  to be produced (including R1&R2)

• R1 and R2 all stations:  (12+24)x4 = 144 
• R3 and R4: 

• Mimimal Option: 
• M2: 132 
• M3: 20 
• M4: 20
• M5: 28
àtot: 200 chambers (+ spares) to be produced, technology to be decided  

• ”Ideal” Option:
• M2: 240 (full station)
• M3: 32
• M4: 32
• M5: 32
àtot: 336 chambers (+ spares) to be produced

à the total number of chambers to be produced is from  344 to 480 (+ spares) 
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“Reasonable” Scenario
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• R1 and R2 all stations:  (12+24)x4 = 144 RWells 
• R3 and R4: 

• Reasonable Option: 
• M2: ?? (to me  a New M2)
• M3: 32 
• M4: 32
• M5: 32
àtot: 96 + M2  à chambers (+ spares) to be 

produced, technology to be decided  

• In this scenario we can re-use:  
• all the M3R4, M4R4, M5R4  MWPCs à 192x3 = 576 
• M3,M4,M5: 16 R3 MWPC/stationà 16x3 = 48

• A total of at least (no M2)  624/1104 MWPCs 
can be reused: ~56%

Move 8 R3 chambres to R4  in Stations M3,M4,M5

Replace the FEBs on:  480 chambers 
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Electronics (I)

• Which electronics will be used in the new detector is clearly of paramount importance
• Also in this case more options are on the table, with reference to the detector options 

outlined before:  
• Keep the SAME electronics in all the re-used chambers: FEB, nODEs, TELL40:

• Pros:
• Extension of signal, control, LV cables to  the new position (<5m) is possible
• Many FEBs spare would be available from R1 and R2 (and M1) 
• No constraints on new electronics for R1 and R2 (no need of back-compatibility)

• Cons:
• The electronics would be >30 years old 
• More cables (960) and new connectors (576) should be added in M4 and M5 to read physical pads
• More nODE/TELL40  are needed, as we would remove ALL IBs (to be quantified)
• Keep the know how of a very old electronics (especially FEBs) 
• Compatibility with new DAQ to be  understood 

• We should carefully monitor the present  FEBs “mortality” rate
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Electronics (II)
• Also in this case more options are on the table, with reference to the detector options 

outlined before:  
• Put NEW electronics in all the re-used chambers:

• Pros:
• Better reliability and less maintenance
• Same for the whole detector 
• Replace signal/control copper cables from detector to muon towers (huge amount! J) with fibers 

• Cons:
• More expensive option
• Old MWPCs set constraints to its design, new FEBs should be electrically and mechanically compatible 
• Its replacement will take time (to be carefully quantified), given also the RP restrictions 

• In the “reasonable” scenario we reuse at least 624 MWPCs, 576 R4 and 48 R3 (in 
M3,M4,M5) 

à how much time can take to replace the electronics on 624 MWPCs? 
à Is it worth to keep the same electronics on ~55% of the detector? 
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Cables per FEB
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OK

Not OK



Additional Cables in M4 and M5

• M2R3-4 and M3R3-4 are OK: 1 cable per each FEB 

• M4R3-4 and M5R3-4 less cables than FEBs (logical pads built on FEBs) à if we keep the same 
electronics, to acquire physical pads we have to  put more cables: 

• This means that if we want to use the old electronics and read physical pads in M4+M5: 
• in R4 we have to add:  192  x  2cables/cmb  x  2stations  = 768 cables  and put new connector in the existing 

one: 384 connectors
• In R3, in the ”reasonable” scenario: 32 x 3cables/cmb   x   2 stations  =   192 cables and put new connector in 

the existing ones:  192 connectors 
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M2 M3 M4 M5

R3 0 0 3 3

R4 0 0 2 2
Signal cables per chamber to be added to split logical pads



Conclusions

• Scaler rates are very useful to  estimate  the “raw” input rates expected in the 
new muon detector 

• More scenarios can be envisaged for the full detector: 
• minimal option:  R1+R2: 144, R3+R4: 204   (+ spares) à tot:  344 + spares 
• “Ideal” option: R1+R2: 144, R3+R4: 312   (+ spares) à tot:  480 + spares
• Technology (for new R3 and R4) to be decided 

• Of paramount importance is to carefully evaluate  whether to keep the same  
electronics or  replace it with the  new one
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Next steps

• Take more scalers runs  to: 
• Verify the present results 
• Measure the ACTUAL reduction factor for the additional material put in front of M2 (now 

only MC estimates) 
• Measure directly the fraction of correlated hits (fc) by switching off gaps 

• Open chambers (MWPCs and GEMs) to check for ageing effects:
• Two M1R2 chambers ready (postponed due to covid)  
• GEMs....?? 

• Monitor carefully the FEBs mortality rate in Run3

working file for the design of the Muon@UPG2 23



Additional Material 
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Iron Wall Reduction Factors 

working file for the design of the Muon@UPG2 25



Fraction of correlated hits: fc   
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Logical Pad & Physical Pad
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RWells  Expected PAD Size 
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Rate/cm2 vs  lumi
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“Frankenstein” Scenario for M2 (???)
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Possible Scenario for M2 (II)
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