
A new concept for the  

RICH upgrade 

• Not entirely new:  reviving the Super-RICH idea from a few years ago 

• Remove RICH-1, replace RICH-2 with a full-acceptance device with  

twin gas radiators:  “Twin Ring Imaging Detector” (TRID) 

• Previous versions required much more space, more photodetectors 

Have now found a solution that fits into available space, gives improved 

performance, and uses fewer photodetectors than the current baseline 

• Written up in a note:  LHCb-PUB-2012-012, summarized here  

Roger Forty  (CERN) 

RICH meeting (Davos),  3 September 2012 



Current baseline 

• Current baseline for upgrade is to maintain RICH-1 and RICH-2 vessels 

Replace HPDs with MaPMTs (read out at 40 MHz), and remove aerogel 

Estimated number of MaPMTs required:  3712  (1152 + 2560  RICH-1/2) 

• Removal of aerogel means positive ID will be lost below 9 GeV for kaons 

Propose to recover this using TORCH  (for later installation, not 2018) 

R&D underway:  4 year grant from EU has just started 

• Excellent work on this baseline by Sajan et al, has identified some issues: 

1. Severe occupancy in centre of RICH-1  (> 30% at 2 ×1033 cm-2s-1) 

2. Access problems for the RICH-1 photodetectors 

3. High magnetic fringe field and radiation level in RICH-1 

4. RICH-1 material lies in the middle of tracking volume 

→  Advantageous if RICH-1 could be removed 

(Would not have been possible while maintaining aerogel radiator) 
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New detector concept 
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• RICH-2 only covers < 120 mrad 

  a new device needed, like a  

somewhat larger RICH-2:   

950 < z < 1240 cm 

Makes use of space liberated by  

M1 (and perhaps also SPD/PS) 

• Twin gas radiators separated  

by window:  ideally a thin  

plastic sheet such as Mylar 

Assume transmission of 95% 

(C4F10 photons traverse twice) 

• Space is reserved for TORCH 

TRID + Torch = TRIDENT   

(Triple Radiator IDENTification) 
Plan view (half) 



Photodetectors 
• Assume baseline photodetector:  

R11265 64-channel MaPMT 

• SBA photocathode, borosilicate  

window, 90% detection efficiency 

(as used in current simulation) 

• Bare tube has 2.8 mm pixel size 

  too small for this location 

(RICH-2 was over-designed, to  

allow use of same HPD as RICH-1) 

• Use hemispherical lenses to give  

4.2 mm pixels, 94% active area 

If lens is in optical contact with MaPMT 

then no additional transmission loss 

Allows room for magnetic shielding 

• Assume 4 × 4 modules (= 1024 channels) 
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Optics optimization 

• Layout of optical elements optimized using 

the same procedure as for RICH-1 & 2 

1. Illuminate full acceptance with  

high-momentum tracks from IP 

2. Ray-trace photons to detector plane 

3. Reconstruct Cherenkov angle from 

photon hit assuming it was emitted  

at mid-point of radiator 

• Adjust components, attempting to  

– minimize photodetector area 

– maximize photon yield 

– optimize Cherenkov angle resolution 

(all at same time, for both radiators…) 

• Best solution found so far [dimensions in cm]: 
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Comparison with RICH-2 



• For chosen optical layout, plot image on 

photodetector plane: 

• C4F10 photons (red), only plotted when 

outside instrumented area (dashed line) 

• CF4 photons (green, over full acceptance) 

(black, for tracks in RICH-2 acceptance) 

• Instrumented area is tiled with  

4 × 4 MaPMT modules: 

– 32 fully instrumented (orange squares) 

– 84 half-instrumented (yellow squares,  

placed in region where photon yield is 

not the limiting factor) 

• Striking twin-ring images! 

illustrated for two randomly-chosen tracks  

Photodetector plane 
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Photon yield 

• Number of detected photoelectrons determined as a function of the impact 

position of the track on the entrance window 

• Plenty of photons from C4F10 over full acceptance: Npe = 27  

For CF4 Npe = 17 over full acceptance, = 25 over RICH-2 acceptance 

Roger Forty 7 A new concept for the RICH upgrade 

Effect of flat mirror edge 

Effect of half-instrumented  

modules 

Tracks in RICH-2 acceptance  

(solid points) 

Wide-angle CF4 coverage  

(just a bonus) 



Performance 

• TRID performance  

parameters compared  

to current RICH-1 & 2 

(measured using  

same procedure) 

 

 

• Similar resolution for CF4:  larger pixel error compensated by chromatic  

Dramatically improved resolution for C4F10 (by a factor of two):   

due to longer focal length + borosilicate window of MaPMT 

• Momentum limit for 3s K–p separation used as a figure of merit 

Significant improvement for C4F10 radiator 

• Occupancy should not be a problem (but needs full simulation to check) 

If needed, C4F10 photon yield can be reduced by adjusting window position 

Given the improved resolution, fewer photons provide same performance 
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Window 

• Only new item requiring R&D 

• Difference in density of  

radiator gases → pressure  

difference across window   
~ 1 mbar per m of height 

• Assume gas pressures  

balanced at beam level 

→ maximum pressure  

difference close to frame 

• Some window distortion  

is acceptable at few-cm level 

• Material:  Mylar, Plexiglass, Glass? 

Transmission only needs to match  

that of borosilicate MaPMT window 
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• New concept presented for particle ID in the upgrade:  TRIDENT 

Consists of twin-gas radiator device (TRID), eventually to be 

complemented by TORCH for low-momentum coverage (space reserved) 

• RICH-1 would be retired, and its space could be used to improve tracker 

(optimize TT layout, enhance VELO–TT magnetic field, or other ideas?) 

• Performance surpasses that of current baseline, for fewer photodetectors: 

2368 MaPMTs required (150k channels) instead of 3712  = 64% 

Reserve to handle 2 ×1033 cm-2s-1 may no longer be needed (to be checked) 

• Current baseline cost estimate = 9.4 MCHF  [Framework TDR] 

→  saving of 3.4 MCHF, should be enough for construction of TRID 

RICH-2 technology can essentially be re-used (maybe even some parts?) 

Cost for RICH-2 mechanics + optics was estimated at 1.2 MCHF  [MoU] 

(Any overall savings could be reserved for later addition of TORCH…) 

  

Conclusions 
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→  I hope that this solution can be adopted, and be put into full simulation 


