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GEM Micromegas 𝝁𝑹𝑾𝑬𝑳𝑳

o GEM and micromegas technologies are very mature
o 𝜇𝑅𝑊𝑒𝑙𝑙 not as mature, but significant R&D has already been done
o All three technologies are well suited for EIC
o Several hybrid options looked at in YR
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Hybrid (Si+TPC) @ 3T
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CHAPTER 11. DETECTOR ASPECTS 465

Figure 11.28: New hybrid baseline layout. The silicon layers and disks are shown in green,
and the TPC in light blue.

Layer Length Radial position
Layer 1 420 mm 36.4 mm
Layer 2 420 mm 44.5 mm
Layer 3 420 mm 52.6 mm
Layer 4 840 mm 133.8 mm
Layer 5 840 mm 180.0 mm
TPC start 2110 mm 200.0 mm
TPC end 2110 mm 780.0 mm

(a) Barrel region

Disk z position Inner radius Outer radius
Disk 1 220 mm 36.4 mm 71.3 mm
Disk 2 430 mm 36.4 mm 139.4 mm
Disk 3 586 mm 36.4 mm 190.0 mm
Disk 4 742 mm 49.9 mm 190.0 mm
Disk 5 898 mm 66.7 mm 190.0 mm
Disk 6 1054 mm 83.5 mm 190.0 mm
Disk 7 1210 mm 99.3 mm 190.0 mm

(b) Disk region

Table 11.12: Positions and lengths of detector parts in the barrel region and the disk re-
gion. In the disk region, the seven disks in the forward region are shown, but this layout is
symmetric so it is the same with reversed sign on the z position in the backward region.

The formulae for resolution parametrisation are given in Equation 11.3, where A
and B indicate constants.

sp

p
= A · p � B =

q

(A · p)

2
+ B2,

sxy

pT
=

A
pT

� B =

s

✓

A
pT

◆2
+ B2 (11.3)

This parametrisation works well for the pointing resolution, but it has limitations
for the relative transverse momentum resolution when using a gas TPC. In this
case, as can be seen from Figure 11.29, the parametrisation works well for pT be-
tween 0 and 4 GeV/c , but the resolution value goes into a less steep linear in-
crease after this point. The figure shows the relative transverse momentum res-
olution versus transverse momentum for both a 1.5 T field and a 3.0 T field, and
the dashed line shown is the parametrisation provided by the Physics Working
Group. Fits to these data will be split up in momentum intervals to characterise

TPC + Si
• Meets PWG requirements at 𝜂 > ~ −
2.0

• Doesn’t meet PWG requirements at 
𝜂 < −2.0

• Backward direction has similar 
situation in all designs so far

• help needed around 𝜂 < −1.0
à end cap tracker
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● Micromegas tiles arranged in concentric 
cylindrical layers

● Each tile is about 50cm wide
● Technology based on CLAS12 Micromegas, 

with 2D readout
● Assumed resolutions: 150 µm both in rφ

and z directions
● Six layers tracker well within material 

budget requirements
● Several layer geometries tested
● Comparable to TPC momentum 

performance

Hybrid detector: silicon vertex detector + gaseous barrel tracker
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• Combine concepts of various systems
• Help with 3.5 < |eta| < 1.5
• Located at both electron and hadron end caps
• GEM tracker placed in front of EM cal in electron 

direction to serve as hit locator
• GEM technology very mature used in many NP and HEP 

exp.
• Low mass ~0.4% X/X0 in active area
• Large area coverage: ~100 cm (can be larger) x 60 cm
• Good special resolution: 50 𝜇𝑚 𝑟𝜙 × 250 𝜇𝑚 (𝑟)
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2 mm
2 mm
2 mm

Drift cathode 2 mm

2 mm

2 mm
2 mm

UVa Prototype FIT Prototype

~60 cm

~100 cm

UVa prototype cross section



GEM End Cap Trackers

Athena Tracking WG Meeting June 15th, 2021
6

𝜒/
𝜒 D

• Light weight CF support material
• All serveries outside EIC acceptance
• Need to implement CF support wheel and serveries is ongoing
• Can we reduce material budget more? …
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• Technology not as mature as GEM
• Lots of R&D has been done and demonstrated promising 

substitute for GEM
• Better construction

• Less technical assembly complications
• Cuts assembly time/module by days -> save in cost

• Low mass in active area
• Large area coverage: ~100 cm (can be larger) x 60 cm
• Good special resolution: Similar to GEM
• Active R&D on large-area 𝜇𝑅𝑊𝐸𝐿𝐿 from JLab
• Fall back option: GEM

uRWELL position residuals from track fit with GEMs @FNAL 

X-strips
σx = 50 µm

Y-strips
σy = 43 µm

Low mass 𝝁𝑹𝑾𝑬𝑳𝑳

1.805 mm 0.265 mm

(UVa)
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• GEM based TRD PID capabilities to GEM tracking 
precision 

• Located behind RICH in hadron going direction
• Low mass (for TRD)

• ~0.4% GEM + ~0.1% Xe gas + ~1.5%  radiator (X/X0)
• Large area coverage: ~100 cm (can be larger) x 60 cm
• Good special resolution and 𝑒/𝜋 discrimination
• Fall back option: GEM, but loose PID
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• Micromegas barrel layers in barrel region
• Technology very mature used in many NP and HEP exp.
• Cylindrical Micromegas used in JLab CLASS 12 exp.
• Low mass
• Large area coverage: 
• Good special resolution: ~150𝜇𝑚 (z) and 150𝜇𝑚 (𝑟𝜙) 

CLAS12 BMT

ATLAS 

(Saclay)
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• 𝜇𝑅𝑊𝑒𝑙𝑙 barrel layers in barrel region
• Technology still needs R&D, has not been used in NP or HEP exp.
• Low mass
• Large area coverage: Like GEM limited in raw material width of 60 cm
• Good special resolution: ~150𝜇𝑚 (z) and 150𝜇𝑚 (𝑟𝜙) 

Cylindrical 𝜇𝑅𝑊𝐸𝐿𝐿 mock-up (FIT)
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• MPGD detectors cover large area à lots of readout channels needed for good spatial resolution. 
• Dedicated R&D efforts:

• Readout patterns
• Capacitive-sharing large-pad readout

Principle of capacitive-sharing large-pad readout
• Vertical stack of pad layers: charge transfers from layer to layer via capacitive coupling
• Pad geometry and arrangement allows for excellent resolution with large readout pads
• Low cost, large area capability and applicable to many technologies: MPGDs, GEM-RICH, 

LAPPD…
• Concept can be expended to strip readout



MPGD Readout

Athena Tracking WG Meeting June 15th, 2021
12

• 1 cm2 pad prototype: Resolution better than 190 𝜇𝑚
• Next studies will optimize pitch vs. resolution, and carry concept over to strip readouts

UVa’s beam test results for large pad readout  
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https://wiki.bnl.gov/conferences/index.php/March_2021More details:

GEM End Cap Trackers 𝝁𝑹𝑾𝑬𝑳𝑳 End Cap Trackers

Currently at beam test
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https://wiki.bnl.gov/conferences/index.php/March_2021More details:

Micromegas Barrel 𝝁𝑹𝑾𝑬𝑳𝑳 Barrel
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https://wiki.bnl.gov/conferences/index.php/March_2021More details:

GEM TRD


