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The problem:
• DC tracking update to obtain x2 CLAS12 luminosity → Stage 2 – x10 CLAS12 luminosity

The solution:
• 𝜇-Rwell technology
• Detector configuration

2024/2025 Results and future Activity:
• 2D read-out options – 2023 test results
• GEM - 𝜇-Rwell option

Manpower and Synergies:
• DRD -1
• Synergy among INFN groups interested in 𝜇-Rwell technology → RG-H & EIC

𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Hi-Luminosity Program

Financial request

Outline:



Hi-Luminosity Program

q overlap/replace one tracking plane to DC Region 1 with MPGD 
tracker – major project, R&D is on going

q DC chambers in Region 1 are made of 2 superlayers, of 6 layers 
each, and should be replaced with 6 layers of 2D 𝜇 − 𝑅𝑤𝑒𝑙𝑙.

q Requirements:
ü Tracking  resolution: 100 𝜇𝑚
ü Timing resolution: 10 ns
ü Rate:  100 KHz/cm2

ü Low material budget

CLAS12 Detector Upgrade: increase x2  the nominal luminosity ℒ = 1035 cm-2 sec-1

Presently achieved on a 5 cm LH2 target at Ie = 75 nA

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI

Limitation: occupancy of Region 1 - AI – assisted tracking is improving efficiency



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
-2400V

-600V

Ar:CO2:CF4 45:15:40

The μ-RWELL is a Resistive  MPGD detector (Micro Pattern Gas Detector)
The device is composed of two elements:

drift/cathode PCB defining the gas gap (5𝜇𝑚	𝐶𝑢 layer on the bottom side)
μ-RWELL_PCB (detector core) Multilayer circuit: W𝑒𝑙𝑙	𝑃𝑎𝑡𝑡𝑒𝑟𝑒𝑑	𝑃𝑜𝑙𝑦𝑖𝑚𝑖𝑑𝑒 ⊕ resistive film ⊕ readout PCB

Standard Gas mixture: Ar:CO2:CF4 45:15:40 mixture  ( it also works with Ar:CO2  «green» mixture )

1

2

1

2

• The “WELL” acts as a
multiplication channel for the
ionization produced in the gas
of the drift gap

• The resistive stage ensures the
quenching of the spark
amplitude



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI

1

2

3

1 a WELL patterned kapton foil acting as amplification stage
(GEM-like)

2
a resistive DLC layer (Diamond-Like-Carbon)
for discharge suppression with
surface resistivity ~ 50÷100 MΩ/□

3 a standard readout PCB

The core is the μ-RWELL_PCB, realized by coupling three
different elements:

Applying a suitable voltage between the top Cu-layer and
the DLC the WELL acts as a multiplication channel for the
ionization produced in the conversion/drift gas gap.



Hi-Luminosity Program

2D Tracking Layout

- 780 mm pitch
- 300 mm width
- 10 x 10 cm2 active surface
- 128 channels

October 2022 test beam 
- 780 µm pitch
- 300 µm width
- 10 x 10 cm2 active surface
- 128 channels
- X –strips Top read-out
- Y – strips standard read-out

June 2023 test beam 
- 1200 µm pitch
- 300 µm vs 1000 µm strips width
- 10 x 10 cm2 active surface
- 83 channels
- “Compass-like” strip configuration
- Capacitive sharing

June 2023 test beam 



Hi-Luminosity Program

Results on 2D tracking
1D pitch 0.78 mm
Reference performances: 
• 96% efficiency 
• 120 𝜇𝑚 resolution

2x1D

2x1D

CS & TOP

CS & TOP

Top-read-out pitch 0.78 mm
• low-voltage/gain operation but 

low efficiency level (80%) due to 
the geometrical dead zone on the 
segmented amplification stage

CS pitch 1.2mm
• Due to the charge spread the 

working point is shifted to high 
voltage/gain

• Spatial resolution improves at high 
gain reaching 150 𝜇m with a strip 
pitch of 1.2 mm

October 2022 test beam June 2023 test beam 



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 + GEM - GAIN

G~2000

G~60000

μ-RWELL + GEM
μ-RWELL

L. Shekhtman, Nuclear Inst. and Methods in Physics Research, A 936 (2019) 401–404



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
GEM - 𝜇Rwell Technology

PCB read-out 𝜇 −Rwell GEM cathode

6 mm gas gap 

3 mm transfer gap

• 2D CS readout reduces the gain from 104 to 3-4 103 → the detector stability is put at risk

• GEM- 𝜇Rwell hybrid configuration will be tested to increase the gain higher than 10 000

• A test beam will take place in Oct/Nov 2025 to test 2 10x10 cm2 GEM+ 𝜇Rwell hybrids



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Test of Large Area Prototype steps @ LNF: CS - 40x46 cm 2

HV filter on

Conditioning 
In the Oven

X-Ray characterization Cosmic-rays Data Acquisition 

Data analysis is ongoing 



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Test of Large Area Prototype steps @ LNF: CS - 40x46 cm 2 Data analysis is ongoing 

First results confirm
that maximum gain is
~ 5000



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
First GEM-𝜇Rwell 10x10 cm 2 prototypes assembly

GEM foil

Glueon peek frame
GEM stretching

GEM tension measurement

Frame assembling



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMITest laboratory at Roma Tor Vergata

• The gas mixture 
• (Ar /CO2/CF445%/15%/40%) 

and N2 bottles are available

• The gas distribution system 
has been installed

The oven and the 
CAEN HV supply are available

Megger Tester

Flow controller

APV25 based SRS DAQ



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI2024 Activities: VMM3 test at GenovaM. Battaglieri



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI2025 Activities
2D readout R&D strategy and Instrumentation

SYNERGIES

On-going collaboration with INFN Catania and INFN Genova

• Construction of a cosmic-ray/test beam stand with plastic scintillators triggers (Catania)

• Test of new readout electronics based on VMM3 chip (Genova)

- 2 50x50 cm2 2D prototypes with GEM pre-amplifier, optimized 2D and CS readout
- X-Ray Gun with support and shielding structure – tagged DRD-1 item
- GEM - stretcher

Ø DRD – 1 initiative (WP-1)
Ø Forward tracking disks for ePIC-EIC
Ø Future recoil detector for RG-H (Ferrara)



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Hi-Luminosity Program

INFN Manpower Strategy
Objective: strengthen the collaboration among different INFN groups interested in the 𝜇-Rwell technology: 

• Catania 
• Ferrara
• Genova
• LNF (Gianni Bencivenni leadership)
• Roma Tor Vergata
• Roma 1

Synergies in prototypes design and realization → Reduction of  the prototype costs
Collaboration during test beams and data analysis, new VMM3 electronics tests, etc.
Optimization of technical work (ex: mechanical parts designed at LNF and made at RomaTV), 

INFN pole for 𝝁-Rwell technology: 
technical know-how, young scientists training, Italian alternative  to CERN



Hi-Luminosity Program

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Large Area Prototype

30/06/2024 – 100 %
Hi-LUMI: Caratterizzazione prototipi (10 x 10 cm2 ) per 
ottimizzazione readout 2D con capacitive spreading.   

31/12/2025 – 90 %
Hi-LUMI: Realizzazione set-up per caratterizzazione 
prototipi a grande area 50x50 cm2

2024 Milestones

2025 Milestones
30/06/2025 Hi-LUMI: Caratterizzazione prototipi (10 x 10 cm2 ) 
GEM- 𝜇Rwell   
31/12/2025 
Hi-LUMI: Realizzazione GEM- 𝜇Rwell grande superficie 



2024 ActivitiesRichieste Strumenti ed Apparti Roma Tor Vergata

Item Costo K €

2 fogli GEM Layout 50x50  incluso design e tooling
2 cornici  in peek 50cm x50 cm

5
3

Tubo a Raggi X
Materiale per supporto e schermaggio                           DRD-1 item

9.5
8.5

Strumentazione per incollaggio GEM su frame in peek
Gas premiscelato Ar:CO2:CF4 (45:15:40) e 2 bombole Azoto

4
3

12 Misuratori di tensione
Lastra in Alluminio rettificato e componenti meccanici per tendi-GEM        DRD-1 item

10
3

Totale 46

Missioni

Missioni per turni di misura CLAS – Hall-B 18.5

Missioni per test beam al CERN (sub judice?) 6.5

Missioni per riunioni CT/GE 3

Totale Missioni 28

Totale richieste 74



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Hi-Luminosity Program

Back-up Slide



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Hi-Luminosity ProgramThe μ-RWELL is a Resistive  MPGD detector (Micro Pattern Gas Detector)

The device is composed of two elements:
• drift/cathode PCB defining the gas gap (5𝜇𝑚	𝐶𝑢 layer on the bottom side) Used Gas : Ar:CO2:CF4 45:15:40 mix
• μ-RWELL_PCB (detector core)

Ø Multilayer circuit: W𝑒𝑙𝑙	𝑃𝑎𝑡𝑡𝑒𝑟𝑒𝑑	𝑃𝑜𝑙𝑦𝑖𝑚𝑖𝑑𝑒 ⊕ resistive film ⊕ readout PCB

G. Bencivenni et al.; 2015_JINST_10_P02008

Amplification stage: → 50 μm thick Kapton  (Apical®) foil
With a 5 μm Cu layer on the top side

Resistive stage: → DLC  (Diamond-Like-Carbon) film sputtered on 
the bottom side of the polyimide foil

Surface resistivity: 𝜌 = 10 ÷ 100	𝑀Ω/□

the resistivity is a function of the DLC thickness
strongly suppresses the transition from streamer to spark
=> Allows to achieve large gains (> 104), without affecting the 
capability to operate under high particle fluxes

𝝁 − 𝐑𝐰𝐞𝐥𝐥 Technology



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI
Hi-Luminosity Program

𝜌 → the DLC surface resistivity
c → the capacitance (per unit area), depending on the distance between the DLC and the readout plane

𝐶		=		𝜀0×𝜀𝑟×
!
"
	=120	𝑝𝐹×𝐿(𝑚)						−					𝑤=0.2	𝑚𝑚,			𝑝=0.4	𝑚𝑚	 strip read-out

The “WELL” acts as a multiplication channel for the 
ionization produced in the gas of the drift gap 

The charge induced on the resistive layer is spread with 
a time constant:

𝜏 ~ 𝜌 x c
[M.S. Dixit et al., NIMA 566 (2006) 281]:

• The resistive stage ensures the quenching of the spark amplitude
• As a drawback, the capability to stand high particle fluxes is reduced, but appropriate grounding 

schemes of the resistive layer solves this problem

Strips/

𝝁 − 𝐑𝐰𝐞𝐥𝐥 𝐓echnology



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Hi-Luminosity Program

PEP – Patterning-Etching-plating The micro-RWELL layouts for high particle rate, 
G.Bencivenni et al., 2019-JINST-14-P05014

The active area is discontinued by grooves that uncover the DLC; then a copper plating, carefully separated from 
the copper in the active sectors, is disposed to connect the DLC to the ground. 

Studies have been focused on the DLC grounding layout to increase the rate capability while maintaining a
safe resistivity => The solution is to reduce as much as possible the current path towards the ground connection
introducing a high density “grounding network” on the resistive stage of the detector

𝝁 − 𝐑𝐰𝐞𝐥𝐥 𝐓echnology

A small dead zone on the amplification stage must be introduced for high stability operation
→ 𝑛𝑒𝑥𝑡 𝑡𝑎𝑙𝑘 𝑏𝑦 𝑀𝑎𝑟𝑖𝑎𝑛𝑔𝑒𝑙𝑎 𝐵𝑜𝑛𝑑ì



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 𝐓echnology

0.3 mm

0.6 mm

1.2 mm

1.2 mm
1000 𝜇𝑚

300 𝜇𝑚

Ø charge transfer and charge sharing for large pitch (strip or pad) anode 
readout PCB layers using capacitive coupling between a stack of 
layers of pads. 

Ø Capacitive-sharing readout structures offer a very good spatial 
resolution capability with significant reduction of electronic channels 
required to read out large-area MPGD trackers

‘‘capacitive-sharing readout structures’’ for electronic channels reduction



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 𝐓echnology

𝑥!"# =
∑𝑥" · 𝑞"
𝑄#$#

Charge Centroid reconstruction method

The track position is determined as a
weighted average of fired strips

GOOD FOR ORTHOGONAL TRACKS

FOR INCLINED TRACKS &/or HIGH B FIELD 

the Charge Centroid method gives a very broad 
spatial distribution on the anode-strip plane.

𝝁𝑻𝑷𝑪	𝒓𝒆𝒄𝒐𝒏𝒔𝒕𝒓𝒖𝒄𝒕𝒊𝒐𝒏

The spatial resolution is strongly dependent on the impinging angle of the track → A non-uniform resolution
in the solid angle covered by the apparatus → Large systematical errors.



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
The μ-RWELL exhibits several interesting features: 
•  Compactness
•   Easy assembly
•   Easy powering
• Intrinsic spark quenching 

Fast time response and high spatial resolution make this detector suitable for the high luminosity upgrade.

𝝁 − 𝐑𝐰𝐞𝐥𝐥 𝐓echnology
μ-RWELL performances: 
• Gas gain → 104

• Rate capability HR version →10 MHz/cm2
• Spatial resolution → down to 60 μm
• Time resolution → 5-6 ns

§ 2D readout scheme: 2 x 1D vs 2D à la “COMPASS” vs Bottom/Top Readout
§ Electronics channels reduction: minimum pitch compatible with 100𝜇𝑚 resolution vs 

capacity sharing 
§ High-rate capability and improved grounding scheme
§ Large area detectors
§ R1 detector design optimization

INFN R&D phase is addressing the following topics, in a strep-by-step strategy: 



Hi-Luminosity Program

The R1 detector configuration 

→ 𝑛𝑒𝑥𝑡 𝑡𝑎𝑙𝑘 𝑏𝑦 𝑀𝑎𝑟𝑖𝑎𝑛𝑔𝑒𝑙𝑎 𝐵𝑜𝑛𝑑ì 𝑓𝑜𝑟 𝑡𝑟𝑎𝑐𝑘𝑖𝑛𝑔 𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑖𝑜𝑛𝑠



Hi-Luminosity Program

Prototyping @ JLAB
§ μRWELL with capacitive sharing readout provides 2D points in front of drift chambers
§ Simulation studies with background merging and μRWELL + DC + AI result in improved inefficiency of better than 

0.1 % per nA, (15% @ 150 nA) better than upgrade design goal
§ CLAS12 readiness for higher luminosities is key for future success
§ Beam-tests of a large-area µRWELL during the last days of RG-C were not successful

LEAK

§ End of May, significant leaks at both the supply and return manifolds were found
§ Using a different gas mixture, the measured efficiency was significantly improved (but still not better than 70%)



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲
2022/2023 μ-RWELL prototyping strategy at INFN in collaboration with LNF group of Gianni 
Bencivenni:
• 1D prototypes for pitch optimization  
• 10x10 cm2 prototypes for 2D read-out optimization
• 10x10 cm2 2D prototypes with capacity sharing read-out
• 50x50 cm2 large area detector with 2D read-out and capacitive sharing read-out

2 Test Beam runs at CERN@ 𝜇/𝜋 beamline of the SPS North area H8

𝜋/𝜇

Reference
Tracker - IN

Reference
Tracker - OUT

10x10 cm2

Capacity 
Sharing
2D readout

10x10 cm2

Top/Bottom2D readout

𝜋/𝜇

1D - 400𝜇𝑚, 800 𝜇𝑚, 
1200 𝜇𝑚 pitch  

1D - 780 𝜇𝑚 pitch  

5 – 19 October 2022 (1D) 
14 – 28 June 2023 (2D) 



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲
2D – readout: step by step approach

1. The first prototype was a set of 2x1D detectors each having the
following specs, rotated by 90 degrees:

- 780 µm pitch
- 300 µm width
- 10 x 10 cm2 active surface
- 128 channels

Oct. 2022 Test Beam: SPS North Area H8 



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲

4 strips 3 strips

Increasing the pitch read-out 
the resolution is strongly 
affected by the number of 
strips among which the 
charge is distributed

Δ𝑥

𝑥 (𝑚𝑚)

Δ𝑥

Δ𝑥 (𝑚𝑚) Δ𝑥 (𝑚𝑚)

𝑥 (𝑚𝑚)

Spatial resolution with 780 𝜇𝑚 pitch and 300 𝜇𝑚 width

The detector response 
becomes digital

𝜎 →
𝑝𝑖𝑡𝑐ℎ
√12



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲
2D – readout: step by step approach

2. The second prototype reads the 2-nd coordinate on the “top” copper layer

Same readout geometry as in the bottom:
- 780 mm pitch
- 300 mm width
- 10 x 10 cm2 active surface
- 128 channels

The effect charge collection on the «top»
layer is the object of investigation.



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲
2D – readout: step by step approach

2. The second prototype reads the 2-nd coordinate on the “top” copper layer

The prototype has been designed by INFN staff and purchased at CERN.

2D readout : 
X strips are collected on the top layer

Y strip are collected in a standard way at the bottom
layer 

Y – strip readout at the «bottom»

X – strip readout on the «top»

No charge capacitive sharing concept is applied 

CAD Design Manpower: 
Maurizio Gatta (LNF)
Enrico Tuti (ROMA TV)



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 − 𝐈𝐍𝐅𝐍 𝐀𝐜𝐭𝐢𝐯𝐢𝐭𝐲
2D – readout: step by step approach
3. The third prototype reads both coordinates on the bottom in “COMPASS-like”

strips configuration with capacity sharing read-out:
- 1200 µm pitch
- 300 µm vs 1000 µm strips width
- 10 x 10 cm2 active surface
- 83 channels

0.3 mm

0.6 mm

1.2 mm

1.2 mm
1000 𝜇𝑚

300 𝜇𝑚

K. Gnanvo et al Nuclear Inst. and Methods in Physics Research, A 1047 (2023) 167782



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMILarge area detector
• A 40 x 46 cm 2  detector has been purchased from  Rui De Oliveira @ CERN by Roma Tor Vergata
• The detector has the same 2D read-out scheme as the 10x10 cm2 capacity sharing version prototype (being tested 

during at SPS - NA- H8 at CERN)

1200 𝜇𝑚 𝑝𝑖𝑡𝑐ℎ

6 mm gas gap 

300 𝜇𝑚 𝑣𝑠 1000𝜇𝑚 strips

Light – cathode
on honeycomb 
support

Will be tested with X-rays and cosmic rays
at LNF and Roma Tor Vergata



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMIResults and Perspectives

TOP read-out
• The Top-readout efficiency is 80-82% (compatible with the geometrical acceptance of 87%).
• There is an issue with the efficiency plateau below 600V HV. The signal produced does not suffer from

sharing between the 2 readout views.
• Spatial resolution is 250-350 μm, compatible with pitch/√12
Capacity Sharing read-out
• The CS shows an efficiency plateau at 92-93% as a function of HV from 600 to 660V (too high!)
• The charge spread allows a very good spatial resolution, <100 μm (at high HV).

• The average cluster size increases with HV.

Summary of Results detailed by Mariangela Bondì in the next talk

FUTURE ACTIVITIES2D read-out optimization:
• The CS readout could be improved by eliminating one layer of sharing, going from

the actual 3 capacitive ones (0.3 - 0.6 - 1.2 mm) down to 2 (0.4 - 0.8 mm).



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMIResults and Perspectives
2023 Milestones

FUTURE ACTIVITIES2D read-out optimization:
• The CS readout could be improved by eliminating one layer of sharing, going from

the actual 3 capacitive ones (0.3 - 0.6 - 1.2 mm) down to 2 (0.4 - 0.8 mm).

Hi-LUMI caratterizzazione prototipi per ottimizzazione readout 2D 29-06-2023  100 % 

Hi-LUMI disegno prototipo a grande area 31-12-2023      100%

The detector read-out still needs optimization!



𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMITest laboratory at Roma Tor Vergata

Megger Tester Ar:CF4:CO2 SRS DAQ system

HV Power Supply
APV25 hybrids

ADC and FEC cards



𝝁 − 𝑹𝒘𝒆𝒍𝒍 for HI-LUMI𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
Nominal CLAS12 luminosity ℒ = 1035 cm-2 sec-1 is achieved on a 5 cm LH2 target at Ie = 75 nA

RG-A working current

Most Data Taking currently limited the 
current on target to Ie = 45 nA to maximize 
the figure of merit ℒ × 𝜂 for three-prongs 
events.

ℒ = 0.7 1035 cm-2s-1

𝜂3𝑝 = 0.853 = 0.55 
• at present experiments with 2-particles in the final 

state are getting only ~40% of the expected statistics

• AI – assisted tracking  has been developed to improve 
reconstruction efficiency → PASS 2

(See L. Lanza RG-K presentation)

The problem: CLAS12 Luminosity  - Detectors Limitations 



CLAS12 luminosity 𝓛 = 2 x 1035 cm-2 sec-1 is achieved on a 5 cm LH2 target at Ie = 150 nA

Main efficiency limitation is due to DC occupancy in R1 

𝝁 − 𝐑𝐰𝐞𝐥𝐥 for HI-LUMI
The problem: CLAS12 Luminosity  - Detectors Limitations 


