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Cylindrical Micromegas Barrel Layer 

Part of the tracking system 
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What is Cymbal?
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Anatomy of a micromegas detector
Type of gaseous detector (MPGD family) 

Intermediate spatial and timing resolutions
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Maintenance access

From Roland’s talk on Tuesday 
Go see his slides for animation!
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Design evolution to accommodate maintenance needs
Disposition : Titre et contenu

F. Bossù, F. Jeanneau: Point projet - 6 juin 2025 18

Design: évolution pour faciliter la maintenance

• Décision prise de manière unilatérale par les ingénieurs mécaniciens, sans consultation 
des WP détecteurs ou physique

• CT ePIC non ou mal informée
• Quel processus de validation? (Impact sur la maintenance pas clairement expliqué)
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Design: évolution pour faciliter la maintenance

• Décision prise de manière unilatérale par les ingénieurs mécaniciens, sans consultation 
des WP détecteurs ou physique

• CT ePIC non ou mal informée
• Quel processus de validation? (Impact sur la maintenance pas clairement expliqué)

Initial layout Recent update

Coupled to TOF  
12 radial sections, individually removable and independent of GST and PST 

OUTD
ATED
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Previous design
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Updated design
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Considered layouts
Fish scaleSlats Alternating tiles
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Considered layouts
Fish scaleSlats Alternating tiles

Many options are possible and we have several design propositions 
Mechanical support constrain is required to converge towards a final configuration 



Disposition : Titre et contenu

3/12/2024alain.delbart@cea.fr, EPIC/EIC 3I GST workshop, 24 march 2025

The current baseline design of the CyMBaL barrel
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FEB+cooling plate (15 mm thick ?)

~50 cm micro-coax flat cables

59 cm

67 cm

• 128 FEBs (2x32 on each side - 4/tile)

Zmin=-102 cm
145 cm=Zmax

Z=21,5 cm 4.5 cm z overlap 46
 c

m

FEB

~10 cm micro-coax flat cables

OF To DAM

OF To DAM

Gas OUT

2 HV

Gas IN

LV

~6
0+

20
 m

m

~100 mm

48
 c

m

weight estimates
- Raw tile   ~1 kg
- FEB PCB   ~0.3 kg 
- Cooling plate+fluid tube  ~0.3 kg
(rough estimate for 3 mm Al cooling plate + 
copper tubes, thermal simulations to be done)
On each side of the barrel  ~40 kg
Cymbal   ~110 kg

2.8 cm / 2.9° F(for R=55 cm)

OUTD
ATED

Services and FEB
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Started the design of the cooling plate (T2K- HA TPC)
Disposition : Titre et contenu
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From T2K/HA-TPC readout FEBs cooling to CyMBaL

- Negative pressure water cooling system
- 7 W/FEB (8.5 for CyMBaL), cooled at ~25°C +/- 0.2 °C with ~3 l/minute 18°C 

water flow in 6 ID/8 OD copper tubes
- Confirmed with complete thermal simulations (heat dissipation, steady state 

temperatures, pressure drops, water flow,  …)

14.5 + 4 (R tube)
+ 3.2 = 21.7 mm

More compact design for CyMBaL
Minimal figures (?) to be confirmed

for / by simulations              (mm)
■ FEB PCB : 3.2
■ Component height : 3
■ Compressed thermal foam : 1
■ Plain cooling plate : 3
■ Pipe outer radius (enough flow ?) : 3

minimal FEB+cooling plate thickness
13.2 mm ?

T2K FEBs

T2K FEBs



Maintenance: 

• How do we slide each section? How do we deal with services (cable chains?)? 

Coupling to TOF: 

• How are we attached to TOF? 

New design → new mechanical interface and service routing (and electronics cooling?) from Cymbal coupled to TOF 

Need to clarify who is responsible for which part of these designs
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Mechanics + services

Space enveloppe for Cymbal? 

• How much space is there for services?   

• How much space for FEB at the edge? 

• How do we support the FEBs

→ Need for a close collaboration CyMBAL-TOF- mechanical design 
(BNL and Purdue) for the new support structure design

Carbone structure

Tile



Space for front-end cards is limited  
→ Limit on the number of electronic channels 
Several options:
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Impact of size modification on readout design

  
  
  

Not enough space for 4 FEB in the updated design

Initial design Z Phi
Ext. dimensions (cm) 67 48
Active area. dimensions (cm) 59 46
#channels / pitch (cm) 576 / 1,02 448 / 1,02
# SALSA 9 7
# FEB 4

Updated design (same pitch) Z Phi
Ext. dimensions (cm) 67 33
Active area. dimensions (cm) 59 31
#channels / pitch (cm) 512 / 1,15 256 / 1,2
# SALSA 8 4
# FEB 3

Updated design (Z precision) Z Phi
Ext. dimensions (cm) 67 33
Active area. dimensions (cm) 59 31
#channels / pitch (cm) 576 / 1,02 192 / 1,6
# SALSA 9 3
# FEB 3

Disposition : Titre et contenu
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Impact sur le design des tuiles

Design initial Z Phi
Dimensions extérieures (cm) 67 48
Dimensions zone active (cm) 59 46
# pistes / pitch (mm) 576 / 1,02 448 / 1,02
# SALSA 9 7
# FEB 4

Nouveau : pitch identique Z Phi
Dimensions extérieures (cm) 67 33
Dimensions zone active (cm) 59 31
# pistes / pitch (mm) 512 / 1,15 256 / 1,2
# SALSA 8 4
# FEB 3

Nouveau : précision en Z Z Phi
Dimensions extérieures (cm) 67 33
Dimensions zone active (cm) 59 31
# pistes / pitch (mm) 576 / 1,02 192 / 1,6
# SALSA 9 3
# FEB 3

Tuiles: 32 à 48 (+50%)
FEB: 128 à 144 (+12,5%)
SALSA: 512 à 576 (+12,5%)

Pas assez de place pour 4 FEB
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SALSA: 512 à 576 (+12,5%)

Pas assez de place pour 4 FEB

Tiles:  
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Role of Cymbal

Disposition : Titre et contenu
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Requirements (présentés à Frascati) 

Manque des inputs clairs de la collaboration (résolution spatiale ou en temps?)

Latest performance requirements (@Frascati) Plots to support 
these numbers?
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Requirements (présentés à Frascati) 

Manque des inputs clairs de la collaboration (résolution spatiale ou en temps?)

Latest performance requirements (@Frascati) Plots to support 
these numbers?

* spatial resolution -> on which coordinate? 

* timing resolution -> what’s the impact of 
going higher than 20ns? 

* How much degradation is acceptable at large 
angle (Lorentz angle)? 

* precise occupancy, background levels? 

* Any interest in having 2 layers instead of 1?



16

Examples of other micromegas detectors

Pixelised MM on COMPASS  
with GEM pre-amplification

Also  ATLAS NSW, MCube, PicoSec, P2, etc…

TPOT (2 x1D-MM)

Curved tiles on CLAS 12  
(resistive strips, 0.5% X0)



Readout pattern: pitch and pattern 
Resistive layer: resistivity and pattern 
Size of the drift gap 
Gas 
Pre-amplification 
 … 

17

Lever manoeuvres

Need to consider the whole detector system: Micromegas module + readout + environment 
(allocated mechanical space, services and maintenance needs) 

Number of layers 
System layout, access

Tile configuration 

Electronics



Configuration change is the opportunity to rethink the required performances for Cymbal 

Inputs are needed: 

- from mechanics to design the module structure and layout 

- from physics and tracking simulations to steer our focus towards relevant performances 
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Conclusion

So far our R&D focused on the 2D design 
Reaching a stage where we need to take critical decisions

CyMBAL: Cylindrical micromegas tracking layer

We need inputs and to collaborate more closely with :  
mechanical engineers and reconstruction + physics WG 

Many different options are possible and considered - experience of several detector designs with very 
large array of focuses → tailor the detector to ePIC needs

Recent change in configuration (12 sectors + TOF coupling) 

 → opportunity to rethink the required performances for Cymbal 
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Back-up 



Role of steps in deposition rate in silane chemical vapor deposition on Si(111), Franck Thibaudau,  Physical Review B 71 
20

Micromegas performances

https://www.researchgate.net/journal/Physical-Review-B-1550-235X?_tp=eyJjb250ZXh0Ijp7ImZpcnN0UGFnZSI6Il9kaXJlY3QiLCJwYWdlIjoicHVibGljYXRpb24iLCJwcmV2aW91c1BhZ2UiOiJfZGlyZWN0In19
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Disposition : Titre et contenu

alain.delbart@cea.fr, EPIC/EIC 3I GST workshop, 24 march 2025 7

LV powering the Front-End readout electronics
Contact: Irakli Mandjavidze (Irfu)

50-70% Power efficiency of DC/DC converters

à CyMBaL Barrel total power of ~1.1 kW ( + extra from DC/DC)

Tim Camarda & Gerard Visser

Same location
As a patch panel ?

Total ~6.8 W (8.5 W with 25% safety margin) 

128 FEB
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CyMBaL tiles à la CLAS12
‣ Design of the ,le very similar to CLAS12 BMT detector (project led by CEA and taking data since 2017) 

‣  B=5T solenoid, total ac,ve area ~4m2 

‣ Light cylindrical ,les (~0.4% X0 per layer) 

‣ Build on past experience by upgrading CLAS12 design for ePIC needs  

‣ Bending of the ,le (larger radius) 

‣ Upgrade from 1D to 2D readout 

CLAS12 BMT Tile

eRD108 (MGPDs)                                                                                                        Detector R&D Day                                                                                                      March 25th 2024 



‣ R&D for very-low material budget (0.2% X0) 2D Micromegas  

‣ Replacing FR4 (PCB) with light kapton foil stretched over carbon frame 

‣ InvesLgaLng opLmal 2D readout and resisLve paMerns + combina,ons 

‣ Varying resis,vity, shape, pitch, etc.. 

‣ Less support = stronger constraints for produc,on 

‣ Tes,ng small flat prototypes (12x12 cm2)
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Low-X0 2D micromegas R&D

eRD108 (MGPDs)                                                                                                        Detector R&D Day                                                                                                      March 25th 2024 



‣ Tested several small Micromegas and µRWELL prototypes 

‣ Looking for op,mal performances (cluster size, uniformity of charge sharing, resolu,on) 

‣ Beam test of about one week in June ‘23 in Mainz at MAMI  

‣ Results from TB dominated by mul,ple scabering but 1mm strips design shows  
interes,ng performances 

‣ Tes,ng of updates for the serigraphy/bulk processes
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Testing of low-X0 micromegas

Ex. for straight 
strips readout

eRD108 (MGPDs)                                                                                                        Detector R&D Day                                                                                                      March 25th 2024 

PRELIMINARY

PRELIMINARY

PRELIMINARY


