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1 Silicon Tracking

The overarching goal of the EIC Silicon Consortium is the development and
construction of a full tracking and vertexing detector subsystem for the EIC
detector(s). This requires R&D in multiple areas. This proposal focuses on
forming modules from stitched sensors, barrel and discs, as well as mechanics,
integration, and cooling.

1.1 Forming modules from stitched sensors

The process of taking sensor reticles (even stitched sensor reticles) and inte-
grating them into building block units that are compatible with detector size
requirements, electrically and mechanically integrated units, and can be joined
together to propagate power and signal lines is a significant effort. In general, a
module will consist of a set of sensors mechanically and electrically joined on a
flexible PCB with careful silicon positioning and reference markers for further
assembly and survey. For large area applications, this work needs to be auto-
mated such that the level of personnel effort can be managed. In the ALICE
ITS2 upgrade this was accomplished with custom high precision pick-and-place
machinery and extensive supply chain management system. The sizes and com-
positions of the module types (number and variation TBD and part of the R&D
effort) together with the reticle size (and number stitched together) dictate a set
of possible configurations that need to be evaluated with respect to suitability
for forming staves and discs out of these module types.

1.2 Barrel and discs

The EIC project detector will use the ALICE ITS3 design for the three inner-
most vertexing layers: curved, wafer-scale, stitched sensors. The EIC beam
pipe is larger than the ALICE counterpart and the ideal radii for the vertexing
layers are being optimized. The consideration of beam pipe bakeout will also
need to be taken into account. The layout of the vertexing layers and any addi-
tional support structures will need to be studied and developed. This requires
dedicated R&D separate to what is being done at CERN for the ALICE ITS3.

The stave concepts will consider potential reticle sizes for the silicon and will
explore options for cooling and mechanical support. The possibility to adapt
existing mechanical support designs for the staves, such as the ALICE ITS2 stave
design and the ATLAS I-beam structure, will be considered. The discs require
dedicated R&D and design effort to meet the EIC silicon tracker needs. Design
options focusing on minimization of traversed material, mechanical assembly
and stability, and sensor cooling will be investigated.

1.3 Mechanics, integration, and cooling

Cooling options will be studied for both staves and discs based on the heat load
of the envisioned sensor for the EIC project detector. Priority will be given to
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air cooling solutions as it is imperative to minimize the traversed material to
meet EIC requirements. Initial studies will be conducted with scale models of
air blown through carbon foam sandwiched between carbon fiber sheets that
can form part of the mechanical support structures for the EIC silicon tracker.
Different carbon foam varieties and thicknesses will be studied. Liquid cooling
options will also be explored based on prior work.

The mechanical support structures for the EIC silicon tracker will be updated
as new information is learned. Careful consideration needs to be taken to tie-in
to the global integration of the EIC detector as a whole. The current project
preference is for the both the barrel and discs to be constructed in halves for
easier installation. The CAD design will be kept up-to-date and options explored
as the tracker design is evolved.

2 Reports and plans

2.1 INFN - Istituto Nazionale di Fisica Nucleare

Within the ALICE ITS3 R&D activities, the INFN groups at Bari and Tri-
este worked on bending, thinning and interconnecting single-reticle sensors and
large-size MAPS chips, and on characterizing them in flat and curved geom-
etry. The results of this R&D activity, published in First demonstration of
in-beam performance of bent Monolithic Active Pixel Sensors, demonstrated
that curved MAPS sensors maintain their performance when bent, and that
they can be used also for the construction of the EIC innermost vertexing layers
with truly cylindrical geometry.

Bending of large area sensor prototypes, together with wire-bonding on
curved sensors have been already successfully exercised at the expected radii
for the EPIC innermost layers. Starting from the year 2023, the INFN Padova
group will join Bari and Trieste in this common effort.

The delayed production schedule of large area 65 nm sensors for ALICE ITS3
resulted in a delay in the definition of the optimized sensor size based on the
yield. The R&D activity on the silicon vertex will continue in the coming months
and in 2023 along the lines of the current involvement of the INFN groups in
ALICE ITS3 and in close connection with the EIC Silicon Consortium. Based
on the estimates of the production yields of the new prototypes in 65 nm from
ER1, INFN will work on the optimization of the stitched sensor dimensions for
the EPIC tracker modules. In addition to this, studies on how to integrate the
sensor in the module unit will also be addressed.

Additional contributions from the INFN groups were also provided in the
area of testing and validation of the basic tracking performance for different
detector configurations (e.g. layer number and positioning), via both analytical
(fast) simulations and simulations within the Fun4All and DD4hep frameworks.
Such studies will also continue in FY23 together with contributions to the pat-
tern recognition and reconstruction algorithms development in DD4hep.
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Figure 1: Current configuration of the EPIC silicon tracker. The tracker consists
of two vertexing layers (VBL1 & VBL2) sitting close to the beam pipe which
are made of the same curved, wafer-scale, stitched design as ALICE ITS3. The
first sagitta layer (SBL1) is also of the same curved, stitched design, but at a
farther radius. SBL2 is twice the length of the ALICE ITS3 stitched sensor, a
design that is meant to keep the material budget low. The final barrel layer,
OBL1, is a more traditionally stave-like object with smaller reticle size building
blocks. In addition to the barrel layers, there are five silicon discs in both the
electron and ion going directions.

2.2 Lawrence Berkeley National Laboratory

LBNL has carried out work on two sections of the eRD111 proposal during the
previous period: staves & discs and mechanics, integration, and cooling. R&D
was limited to what could be done without engineering and technician support
based on the availability of funds.

Over the last year, LBNL staff and postdocs have worked on simulations
towards a more complete design of the tracker layout. Studies were conducted
in fast simulations and in both the Fun4All and DD4hep frameworks. LBNL
was instrumental in the new silicon detector geometry (shown in Fig. 1) that was
accepted as the current baseline before the EIC project collaboration meeting
in July 2022. Work on detector performance studies has continued, including
updating the magnetic field and material budget studies. There are also ongoing
studies of background estimations (including synchrotron radiation) and pattern
recognition for track finding.

During the summer, students at LBNL engaged in a small cooling project
towards an understanding of air cooling as an option for staves and discs. Air
was blown through 100mm long “staves” made of carbon foam sandwiched be-
tween carbon fiber pieces with heaters attached. The lab setup is shown in Fig. 2.
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Figure 2: UC Berkeley graduate and undergraduate students working on carbon
foam cooling studies. Measurements of temperature and pressure differences are
taken to determine the feasibility of air cooling through carbon foam.
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Two different foams were compared (RVC and CVD) in two different thicknesses
(4mm and 6mm). The changes in pressure and temperature were measured for
different power densities and different air flow densities. Results are consistent
with previous measurements done by the engineering group at LBNL. Further
tests are planned with faster air flow, different foams/thicknesses, etc. Addition-
ally, stave and disc prototype pieces will be made in more realistic shapes with
polymide heaters to provide power output in the range currently estimated for
the periphery and pixel matrix of the silicon sensor. Though air cooling stud-
ies are currently underway for the ALICE ITS3 project, they will need to be
repeated for the EPIC geometry with a focus on the material budget outside
of the active area. This is not a concern for the ALICE ITS3, but has a large
effect on the tracking in the EPIC detector.

In FY23, LBNL will continue to work on the barrel & discs and mechan-
ics, integration, and cooling sections of this proposal. Work will continue on
the tracker geometry, including the layout of the staves and discs, which will
need attention paid to the sensor design and planned reticle sizes. This will
be iterated with the groups working on module design and with the eRD113
proposal. Additional work will be done on the mechanical design of the support
structures both for the silicon tracking detector package and the tie-in to the
global mechanical supports. The differences between the ITS3 vertex layers and
those for the EIC will be examined and prototype pieces produced for thermal
and mechanical tests. The effort in the cooling will concentrate on the needs
consistent with the anticipated ITS3 based sensor dissipation. One effort will
be focused on the discs and the first sagitta layer, as those have the lowest
necessary material budget (outside the vertex layers). Different cooling options
will be studied including a water cooling option, but also cooling with air forced
through carbon foam between the face sheets of the disc plates. Separately,
the vertex layer cooling will need to be studied for any differences to the ITS3
plans.

2.3 UK institutes

The University of Birmingham has carried out sensor layout studies for both
barrel and discs. The three innermost barrel layers (two vertex layers and one
sagitta layer) will utilize ALICE ITS3 sensors. For the second sagitta layer
and the outermost barrel layer, traditional staves with diced, variable sized
sensors glued to a suitable carbon support structure are foreseen. An alternative
possibility with wafer-scale curved sensors, like the inner layers, embedded in
kapton foil to provide the necessary support is being pursued within the EIC
Silicon Consortium through a separate proposal to the EIC generic detector
R&D program. In both cases, modifications to the ITS3 stitching plan will be
needed to create sensors of the desired length.

The discs pose an altogether different set of constraints on the sensor for-
mat. Here, smaller format sensors are needed to improve yield and to provide
tiling flexibility. Studies have been performed to explore two different tiling
designs: a picket-fence arrangement of vertical sensor columns versus a herring-
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Figure 3: Two tiling approaches for Disc-2/3n applying restrictions on the sensor
length. Left: vertical sensors, minimum 4 stitched reticles; Right: alternating
vertical and horizontal sensors, maximum 6 stitched reticles.

bone design comprising alternating vertical and horizontal sensors. Each design
is based around a central cross pattern defining four quadrants to be filled with
either design. The two tiling approaches have been written into ROOT macros
allowing the impact of constraints on sensors lengths to be evaluated. An ex-
ample of the two tiling designs for the second disc (2p/2n/3p all share the same
configuration) is shown in Fig. 3. These layout studies help to inform where the
sensor peripheries are located, which will impact the design of the liquid coolant
circuit within each disc. These studies therefore not only provide an indication
of the number of sensors of each variant that will be required, but also aid in
the mechanical design of the discs.

Work is starting at Daresbury on the conceptual design of the basic support
structure and modules. The work will proceed towards a first mechanical design
which will include carbon fibre ITS3-like structures for the vertexing detector
and ITS2-like truss structures for the tracking detector staves. This will be a
starting point for the detailed silicon tracker design.

In FY23, UK groups (BHM, DB, LIV, LAN) will continue studies of large
area sensor (LAS) options to tile staves and discs with the minimum number of
variants and fold in knowledge of process yield and mechanical constraints as it
becomes available, and work on the design of vertex layers and staves, including
tests on prototype pieces.

2.4 Los Alamos National Laboratory

The LANL team, led by Walter Sondheim, has carried out a series of disc con-
ceptual designs based on sensor stitching in collaboration with LBNL and JLab
colleagues. Figure 4 shows a conceptual layout for both the hadron/electron
endcap and barrel tracking systems.
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Figure 4: The conceptual layout of the EPIC barrel and hadron/electron endcap
mechanical design. One stitched sensor disc layout is zoomed and shown inside
the red box.

In FY22, we have been working on the following tasks:

• Using 3D CAD modeling software to explore different sensor/stave con-
figurations (and their integration with the beam line).

• Identifying different materials that could be used to make the disc and
support structure around the disc.

• In CAD, development of a support structure for the discs that minimizes
material budgets.

The planned work for the silicon disc mechanical design at LANL includes:

• Possible integration of the cooling in the discs.

• Optimizing the layout of discs, support structures, and utilities within the
allowed space as the allocated envelope becomes finalized.

• Continue following ITS3 concepts that may be adaptable to the EPIC
detector.

2.5 Oak Ridge National Laboratory

The team at ORNL has performed extensive simulation studies of support ma-
terial placement in the barrel vertex and sagitta layers with the aim to reduce
the overall material budget. Further simulation studies were performed to de-
termine the performance impact of modifications to the general geometry of the
full silicon tracking system together with LBNL. For this, the extensive local
computing resources at ORNL were crucial for fast evaluation of new models.
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Utilization of the wafer-scale ALICE ITS3 sensors even for layers at large
radii has been studied in FY22 and might require further R&D in FY23 to
determine mechanical and cooling requirements. For FY23, detailed studies of
the supports, cooling and global integration are planned for the barrel layers.
Since the vertex layer setup for the EPIC detector will vary significantly from
the ALICE ITS3 vertex layers, detailed studies on integrating the wafer-scale
sensors have to be performed.

3 Milestones and deliverables

The milestones and deliverables for FY23 include the rollover of the FY22 mile-
stones with expansion to account for the accelerated timeline in preparation for
the project TDR. Milestone dates are based on a start date of December 2022.

EICSC members will provide the workforce for the activities listed in this
section. The institutional involvement by task is shown in Tab. 1 with the
relevant contact people. This table may expand as more institutions join the
effort.

Table 1: The breakdown of EICSC institutions involved and the respective
contact person for the activities.

Topic institute involved institute contact

modules INFN groups
UK institutes (Birmingham,
Daresbury, Lancaster, Liver-
pool)

Giacomo Contin
Roy Lemmon,
Peter Jones

barrel & discs LANL
LBNL
ORNL
UK institutes (Birmingham,
Daresbury, Lancaster, Liver-
pool)

Walter Sondheim
Nicole Apadula
Ken Read
Roy Lemmon,
Peter Jones

mechanics,
infrastructure,
& cooling

LANL
LBNL
ORNL

Walter Sondheim
Nicole Apadula
Ken Read

3.1 Forming modules from stitched sensors

• Deliverable: Optimization of the 65 nm stitched sensor dimensions for
the integration in the EPIC tracker module based on the measured ITS3
ER1 yield. Exploration of integration options for the sensor in the module
unit.
Milestone: Written report on the optimized sensor dimensions for EPIC
based on the measured yield, also in relation to the outcome of the bending
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and interconnection studies.
Deadline: September 2023

3.2 Barrel & discs

• Deliverable: Conceptual design of the vertexing layers including support
structures. It is important to include the necessary needs as they relate to
the expanded radii of the EIC vertex layers in comparison to the ALICE
ITS3. Additional support structures will likely have an effect on the track-
ing and momentum resolutions that need to be studied in simulations.
Milestone: Written report on vertex layer conceptual design based on
expanded radii.
Deadline: May 2023

• Deliverable: Advanced stave and disc conceptual designs with analysis
that fit into the current EIC project detector design.
Milestone: Written report of stave and disc conceptual designs.
Deadline: May 2023

3.3 Mechanics, integration, & cooling

• Deliverable: CAD model of silicon tracker, including interface with other
detectors, beam pipe, etc.
Milestone: Up-to-date CAD model.
Deadline: September 2023

• Deliverable: Analysis of the cooling options for the tracker, emphasizing
air cooling options. Liquid cooling should also be pursued with preliminary
designs for the staves. Vertexing layers need only be included if new
mechanical structures change the baseline as determined by the ALICE
ITS3.
Milestone: Written report on the barrel and disc cooling options.
Deadline: August 2023

• Deliverable: Conceptual designs for the full set of detector support struc-
tures. Should include all support pieces (cones, cylinders, etc.) and how
they connect to the global support system.
Milestone: Written report on the mechanics conceptual design.
Deadline: June 2023

4 FY23 Request

INFN contribution: the INFN institutes are fully funded to work on the ALICE
ITS3 R&D. Funding requests within eRD111 are intended for EIC-specific ac-
tivities which are not yet budgeted within the INFN institutes: Post-doc: 0.25
FTE, Material: 10k$. Further in-kind contribution on a best effort basis - not
costed to the project: Mech tech: 0.25 FTE, El eng: 0.10 FTE.
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LANL contribution: the T&E of mechanical engineer(s) and travel for the
proposed work activities.

LBNL contribution: Engineer at approximately 0.6 FTE and technician at
approximately 0.25 FTE effort. Staff and postdoc time will be provided in kind.

ORNL contribution: Engineer and technician time at 0.2 FTE and 0.1 FTE
respectively. Staff and postdoc time will be provided in-kind.

UK contribution: Staff: 0.2 FTE, El eng: 0.4 FTE, Mech eng: 0.2 FTE,
Tech: 1 FTE, Materials: 8k. Note that the UK contribution is in-kind on a
best effort basis - not costed to project. The UK contribution is funded via the
UKRI-STFC Infrastructure Bid for EIC R&D.

The total FY23 funding request is shown in Tab. 2 broken down by institu-
tion. Known in-kind contributions are listed in Tab. 3. Tab. 4 lists the funding
requests separated by tasks.

Table 2: Total funding request and breakdown by institution. All costs in k$

total cost
institute eng tech. PD student m&s travel in FY23 k$

INFN groups 20.0 10.0 30.0
LANL 90.0 3.0 93.0
LBNL 300.0 76.7 7.5 23.0 407.2
ORNL 66.8 15.7 3.6 12.0 98.1

Total 456.8 92.4 20.0 11.1 45.0 3.0 628.3

Table 3: Known in-kind contributions

institute eng (FTE) tech (FTE) staff (FTE) m&s ($k)

INFN groups 0.1 0.25
UK institutes 0.6 1.0 0.2 8.0

Table 4: Funding request broken down by task. All costs in k$

task total cost
eng tech. PD student m&s travel in FY23 k$

Modules 20.0 10.0 30.0

Barrel & discs 223.4 46.2 3.7 10.0 283.3

M/I/C 233.4 46.2 7.4 25.0 3.0 315

Total 456.8 92.4 20.0 11.1 45.0 3.0 628.3
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A Project Engineering Design (PED)

There are additional activities that are necessary to bring the silicon tracker to
an advanced stage in preparation for CD-2/3A. These activities will be pursued
under project engineering and design (PED) in conjunction with the R&D plan.
They are directly related to and concern the barrel & discs and mechanics,
integration, & cooling sections of this R&D proposal.

Specifically, once the conceptual designs are sufficiently complete (see Sec. 3),
prototype pieces for those conceptual designs need to be manufactured. The
deliverables for these activities are as follows:

• Prototype pieces specific to the vertexing layers, including carbon foam
longerons, carbon foam rings, carbon fiber support pieces for wire bonding
region near the periphery.

• Prototype pieces for both staves and discs for mechanical and thermal
tests.

• Prototype pieces for the silicon tracker support structures ready for me-
chanical and thermal tests.

The FY23 workforce needed for these PED tasks amount to 0.15 FTE engi-
neer and 0.15 FTE technician at LBNL, and 0.05 FTE engineer and 0.03 FTE
technician at ORNL. Staff and postdocs will be provided in kind from each
institution. The FY23 PED needs are shown in Tab. 5

Table 5: PED funding broken down by task and institute. All costs in k$

barrel & discs m/i/c total cost
institute eng tech. m&s eng tech. m&s in FY23 k$

LBNL 36.5 16.4 13.0 28.0 16.4 14.0 124.3

ORNL 8.1 3.4 6.0 6.1 3.4 7.0 34.0

Total 44.6 19.8 19.0 34.1 19.8 21.0 158.3
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