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REMINDER: the two alternative designs

pfRICH



• Reports at the review (March 20-21, 2023)
• Report by the reviewers
• Feedback to the reviewing committee by the 

proponents of the two designs
• Other material received contacting the proponents
• Cost information solicited from the EIC Project
• pfRICH CDR
• Inputs from the discussion at the EB meeting on April 7
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Thank You !
• EB members (meeting April 7)

• Review board (with internal members from GD/I and external 
international experts)

• The proponents and speakers at the review
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• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range  
• π/κ separation range
• e/π separation range
• Acceptance 

• Holistic view
• Device length and tracking lever arm

• Costing

• Risks and mitigations
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SCRUTINIZED ITEMS
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RESOLUTION mRICH,  from test beam and simulation

Data, sensor not at focal plane

“ring” resolution
~4 mrad

Single photon resolution:
11 mrad

“ring” resolution
~3.5 mrad

• More photons optimizing the aerogel 
thickness.

• Improved resolution claimed with sensor 
at the focal plane.

Proving all this requires further R&D.

“ring” resolution
vs sensor plane position
w/o including pixel size

n. of Photons per ring 
From JLab test beam
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QUANTUM EFFICIENCY in SIMULATION STUDIES
mRICH

A photocathode with QE~ 38%  at 500 nm is not at hands.
Hamamatsu reference plot copied here  (more examples 
available in literature).

any possible R&D dedicated to the development and 
engineering of a different photocathode would have a time-
scale incompatible with the project timelines (90% 
readiness for CD3)

From E-mail by Xiaochun He on March 23 
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NUMBER OF DETECTED PHOTOELECTRONS pfRICH

<N> ~12/ ring

Ingredients:
Conservative QE, aerogel properties (BELLE  II A-RICH measured parameters used), further safety factor for 
conservative estimate: assume 70 % of the detected photoelectrons  as provided by the full Monte Carlo simulation
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RESOLUTION pfRICH,  from simulation

“ring” resolution
~1.6 mrad
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RESOLUTION in the report

mRICH

pfRICH



• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range
• π/κ separation range
• e/π separation range
• Acceptance 

• Holistic view
• Device length and tracking lever arm

• Costing

• Risks and mitigations
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π/κ separation range requested (YR) 

Backward endcap: 

π/κ separation ≥  3σ up to 7 GeV/c
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HADRON PID PERFORMANCE mRICH

Efficiency and purity 

vs. p

vs. radius 
vs. θ

Parameters still subject to R&D assumed (as QE spectrum and
Number of photons from ticker aerogel tiles) 
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/c
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HADRON PID PERFORMANCE pfRICH

FROM ring resolution
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HADRON PID PERFORMANCE pfRICH

Efficiency and purity 

9 
G
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• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range
• π/κ separation range  
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• Holistic view
• Device length and tracking lever arm

• Costing
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e-π SEPARATION mRICH
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e-π SEPARATION pfRICH

Access to low x Access to higher x



• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range
• π/κ separation range
• e/π separation range  
• Acceptance

• Holistic view
• Device length and tracking lever arm

• Costing

• Risks and mitigations
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PID Acceptance 

η

mRICH

φ

80 % 80 %

−3.5 −1.5
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PID Acceptance pfRICH
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ACCEPTANCE from the report

mRICH

pfRICH



• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range  
• π/κ separation range
• e/π separation range    
• Acceptance 

• Holistic view
• Device length and tracking lever arm

• Costing

• Risks and mitigations
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Backward RICH geometry and tracking layout

mRICH length: 272 mm (222 mm with minimum performance loss)

pfRICH length: 542 mm (492 mm with minimum performance loss)

pfRICH about 25 cm longer  impact on the resolution provided by tracking



The default length L of the traversed five (four) disk array is 90 (70) cm,

Results for a change in L by -10, +10, +20, and +30 cm are shown from fast simulations,

An increase in lever arm is clearly beneficial to momentum resolution, but this does not scale as L2 as would be expected from point 
resolution alone due to multiple scattering.  The physics impact of this loss or gain in dp/p is not assessed here. 

η = 3,0

p [GeV/c]

η = 2.5

p [GeV/c]

dp
/p default

-10 cm

+30 cm

+20 cm

+10 cm

Impact from backward PID envelopes on dp/p from tracking
The envelope of the backward PID system affects the space available for tracking,

The reference MAPS implementation respects the pfRICH envelope in its default form; the mRICH envelope is anticipated to be smaller, 
thus leaving more space for tracking,

It is thus meaningful to ask what effect additional or reduced space has on dp/p resolution,

Shown here are representative results for η = 2.5 and η = 3.0 for different lengths of the disk array; tracks with η = 2.5 traverse all five 
disks in the array, whereas tracks with η = 3.0 escape through the beam opening of the innermost disk at z = -25 cm.



• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range
• π/κ separation range    
• Acceptance 

• Holistic view
• Device length and tracking lever arm

• Costing

• Risks and mitigations
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Costing considerations 
mRICH and pfRICH have the most expensive components in 
common:
• Sensors, electronics and cooling  (~ same instrumeted area)
Small cost difference come from:
• Different aerogel thickness and refractive index
• Different mechanical design
• Different characteristics of the mirrors

 the resulting costs are the same within the present 
resolution

The use of HRPPD does not increase the cost respect to the costing info from P6 based 
on DPAP information

mRICH (with SiPMs) in P6  (escalated): 6.256 k$
pfRICH (non-escalated): 5.270 k$



• Performance for PID
• Expected resolution from simulations:

• this figure dictates the π/κ and e/π separation range  
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RISKS AND MITIGATION

• The uncertainty associated with the photodetector HRPPD is the most critical issue in both designs (as 
recognized in the review report). The risk mitigation in both cases involves the use of MCP-PMT’s, which are 
substantially more expensive. The use of Si-PM’s is not an option as it will not fulfill the requirement to 
provide timing information. 

• For the mRICH, the instrumented area is fixed.  If risk mitigation for the HRPPD’s is required the only 
option to reduce the cost associated with the MCP-PMT’s cost will be to reduce acceptance.

• The pfRICH has the capability to reduce the instrumented area without reducing acceptance by 
changing the inclination of the mirrors. This offers substantial additional flexibility if the risk associated 
with HRPPD’s is realized. 

• The mRICH design carries a larger unknown, given that it is the first use of a design with Fresnel lenses 
in a large experiment (a substantial risk underlined in the report of the review panel).
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• The mRICH design carries a larger unknown, given that it is the first use of a design with Fresnel lenses in a 
large experiment (a substantial risk underlined in the report of the review panel).

• The backward RICH design is envisioned to be compatible with LAPPD photosensor readout to fulfill the desired 
double particle identification and timing purpose.

• The peak QE value assumed by the mRICH is at variance with respect to the response of LAPPD’s/HRPPD’s 
manufactured by Incom. This would imply additional R&D that may be lengthy.

• The uncertainty associated with the photodetector HRPPD is the most critical issue in both designs. The risk 
mitigation in both cases involves the use of MCP-PMT’s, which are substantially more expensive. The use of Si-
PM’s is not an option as it will not fulfill the requirement to provide timing information. 

• For the mRICH, the instrumented area is fixed.  If risk mitigation for the HRPPD’s is required the only option to 
reduce the cost associated with the MCP-PMT’s cost will be to reduce acceptance.

• The pfRICH has the capability to reduce the instrumented area without reducing acceptance by changing the 
inclination of the mirrors. This offers substantial additional flexibility if the risk associated with HRPPD’s is 
realized.

• The estimated cost for the two design is the same within the present resolution and fully compatible with the 
Project P6 envelope (mRICH with SiPMs).

The recommendation of the pfRICH design for the ePIC backwards PID detector has 
the unanimous support of the Executive Board.

Recommendation: mRICH and pfRICH costs are nearly the same, but pfRICH carriers a lower risk, thus 
ePIC should initiate the change control process to make the pfRICH the baseline 
technology selection for the backward RICH. 
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BACKUP SLIDES
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HADRON PID PERFORMANCE mRICH

Efficiency and purity 

vs. p

vs. radius 
vs. θ

The standard definition of 3σ separations 
corresponds to an efficiency = 93 %
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Timing Acceptance pfRICH
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Approaching the performance in a realistic environment
mRICH

No double particle studies available, either in test beam or by simulations 

pfRICH
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TECHNICAL RISKS
• The major technical risk: HRPPDs not becoming mature and industrially available in due time, or yield 

issues, or production delays.

• Recognized in the report:

• Moreover, the report suggests:
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HRPPD RISK MITIGATION IN pfRICH

(~15 cm more space in z, according to  Roberto Preghenella) 
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OTHER TECHNICAL RISKS from report analysis
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OTHER TECHNICAL RISKS from report analysis
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