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Tracking Working Group meeting organisation

• The meeting will take place weekly on Tuesday at 12 pm EDT 
• 1-1.5 hour long

• Going forward the frequency can switch to bi-weekly but a lot of work is needed between now 
and June!

• We will have thematic meetings
• Today the focus is on updated (post YR) simulation results of various detector concepts
• Next week will continue discussion on detector concepts

• Please let us know if you want to present something

• In two weeks we propose to have a discussion on technology options for silicon and gas 
detectors

• When preparing talks for next-to-next week please consider assessments of technical 
capabilities, available workforce and technology readiness

• The aim is to converge within a month or so on some initial layouts
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YR concepts

• Baseline concepts: all-silicon and hybrid (MAPS + TPC)

• MAPS + MPGD-based barrel

• Alternative tracking options exist in the backward and forward tracking regions

Laura Gonella | IR2@EIC workshop | 18 March 2021
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Figure 11.17: All-silicon tracker geometry. Left: Geant-4 model showing half of the detector.
The barrel, disks, and support structure correspond to the green, dark-gray, and yellow
components, respectively. The beryllium section of the beam pipe is shown in cyan. The
rest of the beam pipe, which takes into account the expected electron-hadron-beam crossing
angle is shown in light-gray. Right: Detector material scan. The dashed line describes the
baseline material budget from the beam pipe. The red, blue, and green curves correspond to
the barrel, forward, and backward components of the detector, respectively. The uncertainty
band defines the minimum and maximum amounts of material found in a given h as the
material is scanned around f. The yellow curve describes an aluminum structure that is
used as a mass equivalent for support structure and services. See text for details.

Table 11.6: Main barrel-layer charac-
teristics.

Barrel radius length along z
layer [cm] [cm]

1 3.30 30
2 5.70 30
3 21.00 54
4 22.68 60
5 39.30 105
6 43.23 114

Table 11.7: Main disk characteristics.

Disk z position outer inner
number [cm] radius [cm] radius [cm]

-5 -121 43.23 4.41
-4 -97 43.23 3.70
-3 -73 43.23 3.18
-2 -49 36.26 3.18
-1 -25 18.50 3.18
1 25 18.50 3.18
2 49 36.26 3.18
3 73 43.23 3.50
4 97 43.23 4.70
5 121 43.23 5.91
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Table 11.8: All-silicon tracker momentum and pointing resolution parametrizations.

dp/p = Ap � B DCAz = A/pT � B DCAT = A/pT � B
A[%/GeV] B[%] A[µm GeV] B[µm] A[µm GeV] B[µm]

0.0 < |h| < 0.5
B = 3.0T 0.018 0.382 27 3.2 25 4.9
B = 1.4T 0.041 0.773 27 3.3 26 3.9

0.5 < |h| < 1.0
B = 3.0T 0.016 0.431 37 3.8 28 4.5
B = 1.4T 0.034 0.906 35 3.8 31 4.0

1.0 < |h| < 1.5
B = 3.0T 0.016 0.424 56 5.9 33 5.5
B = 1.4T 0.034 0.922 56 5.4 35 5.1

1.5 < |h| < 2.0
B = 3.0T 0.012 0.462 111 7.0 40 5.1
B = 1.4T 0.026 1.000 112 7.1 41 4.9

2.0 < |h| < 2.5
B = 3.0T 0.018 0.721 213 13.8 47 7.1
B = 1.4T 0.041 1.551 212 16.0 48 7.7

2.5 < |h| < 3.0
B = 3.0T 0.039 1.331 347 40.5 52 11.9
B = 1.4T 0.085 2.853 373 37.9 59 11.2

3.0 < |h| < 3.5
B = 3.0T 0.103 2.441 719 87.6 59 26.0
B = 1.4T 0.215 5.254 732 87.7 66 25.3

3.5 < |h| < 4.0
B = 3.0T 0.281 4.716 1182 206 69 65.9
B = 1.4T 0.642 9.657 1057 221 69 72.1

Auxiliary (backward)
tracking station
at z = -180 cm

Auxiliary (forward)
tracking station
at z = 300 cm

RICH

All-Si tracker

Figure 11.19: Event display showing the all-silicon tracker complemented with additional
tracking stations in the available space [1473]. In the backward region, the tracking sta-
tion is installed at z = �180 cm with no significant amount of material expected between
the all-silicon tracker and the complementary tracking station. In the forward region, the
auxiliary tracking station is installed at z = 300 cm, behind the Ring Imaging Cherenkov
(RICH) detector. The RICH material parameters were provided by the PID detector work-
ing group [1474].
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Figure 11.22: Momentum resolution as a function of pseudorapidity demonstrating the ef-
fect of complementing the all-silicon tracker in the hadron-going (forward) direction. Each
panel corresponds to a different momentum bin, from 10 to 30 GeV/c. The black circles
correspond to the standalone all-silicon tracker (for a 10 µm ⇥ 10 µm pixel size). The red
squares and blue triangles correspond to the all-silicon tracker complemented with a 50-µm-
resolution GEM detector and a 10-µm-pixel silicon disk, respectively.
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Figure 11.23: Same as Fig. 11.22, but for a 20 µm ⇥ 20 µm all-silicon-tracker pixel size.

Figure 11.24: FST setup in Fun4All
simulation.

Plane
z rin rout pixel silicon

(cm) (cm) (cm) Pitch (µm) thickness (µm)
0 35 4 25 20 50
1 62.3 4.5 42 20 50
2 90 5.2 43 20 50
3 115 6 44 36.4 100
4 125 6.5 45 36.4 100
5 300 15 45 36.4 100

Table 11.9: FST geometry parameters

Detector Integration Integrated detector setups are also implemented in the sim-
ulation. The first setup, which is shown in Fig. 11.24, includes an additional gas
RICH with aerogel and C2F6 gas as radiator. The second setup replaces the last
plane (plane 5) of FST with a mockup GEM tracker. The GEM tracker, which con-
sists of three planes filled with methane, covers 1.5 < h < 3.5. The material bud-
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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
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Table 11.15: Transverse pointing resolution fit parameters, using the fit presented in Equa-
tion 11.3.

Interval Fit 1.5 T [µm] Fit 3.0 T [µm]
�3.5  h  �2.5 A = 49.3 ± 0.2, B = 9.64 ± 0.02 A = 48.5 ± 0.2, B = 9.58 ± 0.02
�2.5  h  �1.0 A = 23.3 ± 0.1, B = 3.32 ± 0.01 A = 23.1 ± 0.1, B = 3.31 ± 0.01
�1.0  h  1.0 A = 14.1 ± 0.1, B = 2.11 ± 0.01 A = 13.7 ± 0.1, B = 2.14 ± 0.01
1.0  h  2.5 A = 23.3 ± 0.1, B = 3.32 ± 0.01 A = 23.1 ± 0.1, B = 3.31 ± 0.01
2.5  h  3.5 A = 49.3 ± 0.2, B = 9.64 ± 0.02 A = 48.5 ± 0.2, B = 9.58 ± 0.02

Table 11.16: Longitudinal pointing resolution fit parameters, using the fit presented in Equa-
tion 11.3.

Interval Fit 1.5 T [µm] Fit 3.0 T [µm]
�3.5  h  �2.5 A = 596.9 ± 1.5, B = 41.05 ± 0.12 A = 596.5 ± 1.5, B = 40.79 ± 0.12
�2.5  h  �1.0 A = 78.3 ± 0.2, B = 3.11 ± 0.02 A = 78.1 ± 0.2, B = 3.12 ± 0.02
�1.0  h  1.0 A = 23.2 ± 0.1, B = 2.64 ± 0.01 A = 22.9 ± 0.1, B = 2.64 ± 0.01
1.0  h  2.5 A = 78.3 ± 0.2, B = 3.11 ± 0.02 A = 78.1 ± 0.2, B = 3.12 ± 0.02
2.5  h  3.5 A = 596.9 ± 1.5, B = 41.05 ± 0.12 A = 596.5 ± 1.5, B = 40.79 ± 0.12
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Figure 11.30: (left) A possible configuration of the cylindrical MPGD tracker with two pairs
of layers at mid way between the SVT and the four outer detector layers. The material bud-
get of the hybrid detector with MPGD layers (center) is comparable with the TPC solution
(right). In the stack plots, the contribution of the beam pipe in blue, in gray the one of the
silicon vertex detector and in green the MPGD tracker (or TPC) contribution.

two layers are placed at a radial distance from the beam pipe of about 50 cm and
four layers are placed at about 80 cm. Several configurations have been investi-
gated: one configuration with six layers equally spaced at regular radial intervals,
one with three pairs of layers (inner, middle and outer pairs) and a configuration
with two layers in the middle and four layers in the outer part of the barrel. Ta-
ble 11.18 shows the radial position of the layers for the last two configurations.

Studies of the relative momentum resolution have been performed by simulat-
ing five thousand p� per momentum bin in the range |h| < 0.5 with a solenoid

For more details see YR 11.2 at arXiv:2103.05419
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Figure 11.32: Left: Simulated BeAST geometry with outer forward GEM detectors. Right:
Momentum resolution vs. momentum for pions at fixed scattering angle q = 15.41� (h = 2.0)
with (orange) and without (blue) outer forward GEMs.

Fig. 11.32 (right) shows the momentum resolution as a function of momentum
while keeping the scattering angle fixed at q = 15.41� (h = 2.00). It demonstrates
that the significant improvement from outer GEMs holds over a large momentum
range from 1 - 60 GeV/c. From the results shown in Fig. 11.33 (left), it is clear
that the outer GEMs significantly improve the momentum resolution, particularly
for small scattering angles where the improvement reaches a factor of two. The
particular structure of the graph is presumably due to the varying number of hits
on the individual detectors. In order to verify this, we plot the average number of
hits in each tracking subdetector as a function of q in Fig. 11.33 (right). Over the
full 5� < q < 35� acceptance region of the outer forward GEM, both inner and
outer GEM subdetectors provide a constant number of hits while the number of
TPC hits drops rapidly below q = 15� and the number of vertex hits is down to
one hit below q = 18� . In this angular range, the number of forward Si hits is
comparable to the number of hits in each GEM subdetector. The design of the two
GEM subdetector is very similar, so adding the outer forward GEM doubles the
total number of GEM hits in this region. The forward Si detector, inner GEMs, and
outer GEMs each contribute roughly a third to the total number of track hits in
this region. This explains the significant impact of the outer forward GEM in the
angular range below q = 15� (h > 2).

Transverse Momentum Resolution Study A study on the impact of the magnetic
field strength on the transverse momentum resolution was performed using a
model of the hybrid detector including TPC with a longitudinal hit point reso-
lution given by Equation 11.4 where D is the drift distance, A = 100µm/

p
cm

and B = 500µm, and a transverse hit point resolution also given by Equation 11.4
with A = 15µm/

p
cm and B = 200µm, and vertical pad size of 0.5cm; Silicon Ver-

tex Tracker with hit point resolution of 5.8µm ⇥ 5.8µm; Forward Silicon Tracker
with hit point resolution of 5.8µm ⇥ 5.8µm; forward GEM trackers with hit point
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Tracking requirements 

• Basics tracking requirements:

• Additional features
• PID, bunch crossing timing info, …

CHAPTER 11. DETECTOR ASPECTS 437

struction schedule, a list of areas in need of targeted R&D has been compiled and
is presented in Chapter 14.

11.2.2 Main requirements and acceptance coverage

Table 11.2: Requirements for the tracking system from the physics groups.

The requirements for the tracking in an EIC detector are derived from the physics
simulations and are represented by the detector requirements table shown in Ta-
ble 11.2. The ranges in pseudorapidity are accompanied with requirements for rel-
ative momentum resolution, allowed material budget in terms of radiation length,
minimum pT cutoff, transverse and longitudinal pointing resolutions. These re-
quirements form the basis of the designs and concepts that are presented.

11.2.3 Silicon Detector Technologies for EIC

To satisfy the requirements detailed above, the EIC silicon vertex and tracking
(SVT) detector needs to have high granularity and very low material budget. Per-
formance simulations of the detector concepts presented in Section 11.2.5 highlight
the need for a spatial resolution  5µm in tracking layers and disks, and around 3
µm in the vertex layers, combined with a material budget  0.1%X0 in the vertex
layers,  0.8%X0 in the tracking layers and  0.3%X0 in the disks.

A broad survey of silicon detector technologies was presented and discussed at
the first EIC Yellow Report Workshop in March 2020 [1425] covering hybrid pixel
detectors, strip detectors, Low Gain Avalanche Detectors (LGAD), the DEPFET
sensor, and Monolithic Active Pixel Sensors (MAPS). The survey considered exist-
ing examples of these detectors as well as the silicon technologies used for their
development to understand their potential for application at the EIC. MAPS have
been identified as the best detector technology to satisfy the requirements of the
EIC SVT and are discussed below. These detectors provide the highest granularity,

From YR 11.2.2 at 
arXiv:2103.05419
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Backup
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Detector working group deliverables 

1. Technology choice

• Identify no more than two options from the various systems and technologies that 
will be costed and integrated into full simulation framework.

• The choice will depend strongly upon scientific input, assessments of technical 
capabilities, available workforce and technology readiness

• Technology choices should be supported with simulation work.

2. Estimate of services, supports + active materials

• Required services, readout, and mech. supports could play important role in 
selecting technologies.

• Experts are encouraged to work with tracking working group to provide 
information

These are the most urgent items to address and will be the focus of the next 
few meetings
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Detector working group deliverables 

3. Implementation into the global experiment model
• Integration group will be formed: member from each detector WG, experts on IR, 

physics, and engineers

4. Simulation of subsystems performance in the global experiment
• Integrated detector concept will be implemented into full simulation framework 

(central DD4HEP-based development by the SWG)

• Assess performance and quantify impact of active and non-active materials on the 
physics performance.

• WG should assign someone to take lead on overseeing this is done accurately.

5. Costing of each sub-system
• Costing group will be formed consisting of at least one member per detector WG 

and costing experts.

6. Consider what else the WG can contribute to help producing a winning 
proposal

• Identify the number of anticipated readout channels, data rate, readout 
electronics used, etc. 
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Timeline towards the proposal
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Timeline towards the proposal


