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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 11.28: 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 =
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� 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

• Baseline concepts
‣ All-silicon and hybrid (MAPS + TPC) 

• Alternative tracking options considered for the endcaps
• MAPS +  MPGD-based barrel
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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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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
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The outline of this session:  
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• Presentations from the groups
‣ EIC Silicon consortium / Leo /
‣ UK silicon groups / Laura /
‣ Berkeley / Ernst /
‣ INFN / Domenico /

‣ Si+MPGD concept (SIMPLE @ IP6) / Matt for FIT, Temple, UVa/
‣ Saclay contribution / Francesco /
‣ LANL contribution / Xuan /

‣ Czech institutions / Lukas /
‣ GEM-TRD / Yulia /

• Discussion

Tracking Session, EIC@IP6 Meeting, 04/29/2021

In red: the conveners of our newly formed Tracking WG



(Taken from the April 15 meeting charge slide) 
CHARGE, addressing these points: 
• which is the contributions you can bring to the tracking activity towards the proposal in the next 
months? 
• what are the most relevant and urgent questions in the tracking sector? 
• how do you see globally tracking for Detector 1?

EIC Silicon Consortium at IP6

The goal of the EICSC is to develop a complete silicon tracking system solution for EIC detector 
collaborations based on the development of a new sensor derived from the CERN ALICE ITS-3 
silicon project. 
Thus, the effort that will be put into this task applies equally to all of the nascent EIC detector 
collaborations. 
We will report on the full effort that is expected for the EICSC in the next months.

2021_04_29 EIC IP6 EICSC - LG 4



EIC Silicon Consortium at IP6

• which is the contributions you can bring to the tracking activity towards the proposal in the next 
months? 
The EICSC membership currently LBNL, BNL instrumentation division, UK collaboration (currently 
University of Birmingham, RAL, Brunel University - London), JLAB, ORNL, CCNU – Wuhan, Groups 
from INFN (currently Bari, Trieste), Institute of Modern Physics (IMP, China), CTU Prague.

All institutions are or will be actively engaged in this development process and will be developing and 
detailing (at the current level of knowledge) the tracking detector parameters. These are the areas in 
which we can contribute well. This would include:

• Granularity and technical specifications of expected silicon performance.
• Parameters for the readout and estimates of hardware footprints.
• Research into services reductions based on DC-DC converter or serial powering and fiber 

multiplexing and estimates of the resulting improvements.
• Estimation of radiation length for the detector components, services and mechanics.
• Cost and schedule generation for the R&D, construction and deployment of detector concepts.
• Assessments of the viability of detector layouts.
• Participation at a high level in the simulation of detector concepts based on this technology.

2021_04_29 EIC IP6 EICSC - LG 5



EIC Silicon Consortium at IP6

• what are the most relevant and urgent questions in the tracking sector? 
• how do you see globally tracking for Detector 1?

We see these questions as highly interrelated.
The most urgent task for the tracking sector is to implement the YR concepts (or variants thereof) into a 
full detector simulation with realistic services, mechanical supports magnetic fields, beam pipe models, 
etc. for all sub-systems and assess the physics performance. 

• This can and will lead to optimizations on the tradeoffs inevitable associated with these type of 
exercises.

• The large feature silicon tracking detector components are already developed in the areas of vertexing, 
barrel staves and discs, but optimizations based on detector layout still need to be investigated.

• This will also allow for the identification of areas where new concepts may need to be developed and 
point out where new technology or techniques will need to be examined.

• The “problem” areas will need to be addressed to the point where viable solutions can be presented as 
part of an overall detector proposal.

2021_04_29 EIC IP6 EICSC - LG 6



















INFN interest in collaborating to Tracking/Vertexing for EIC@IP6

15

Currently involved divisions: BA and TS
Preliminary feedback on the suggested points:
• which contributions you can bring for work on tracking, aiming to develop the

proposal over the coming months:
ü study of the vertex detector performance with Monte Carlo simulations:

§ starting from the experience for the YR (mainly with EICROOT), need to move to Fun4All
estimate of man power needed / involved: ~ 2 people from INFN (0.5-1 FTE)

ü development of techniques and tools for bending and interconnecting wafer-scale chips:
§ scale techniques developed for ALICE ITS3 to size / modularity needed by EIC geometry and constrains

ü characterization of 65 nm test structure and study of the effect of curvature on the performance:
§ use the knowledge of the test system currently under development for the first 65 nm chip submission
§ participate in the laboratory and beam facility tests, exploiting the experience in characterization gained for 

ALICE ITS2 and ITS3, which the 65 nm MAPS is the direct evolution of
estimate of man power needed / involved: ~ 3-4 people from INFN (1-1.5 FTE)

Tracking Session, EIC@IP6 Meeting, 04/29/2021



INFN interest in collaborating to Tracking/Vertexing for EIC@IP6
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Currently involved divisions: BA and TS
Preliminary feedback on the suggested points (cont’d):
• what are the most relevant and urgent questions in the tracking sector:

ü need to clarify how to proceed with MC simulation strategy:
§ continue/extend developments and implementations in Fun4All, preserving compatibility with other frameworks
§ implement geometry directly in Fun4All  bypassing present link with EICROOT (vertex) implementations
§ consider to reduce the level of details for the vertex staves, include what is still missing (eg services material)
§ study of vertex performance with physics events (benchmark physics signals)

ü define the reference tracking detector:
§ clarify main implications of the all-silicon detector (cost, compacteness, missing PID vs space left to other detectors)
§ finalize selection of the gaseous detector options for the hybrid tracker (TPC vs various MPGDs)

• how do you see the global tracking system for Detector 1:
ü EIC@IP6 to asses all implications of the hybrid vs all-silicon tracking solutions
ü need to proceed in close connection with PID and Calorimetry WGs

Tracking Session, EIC@IP6 Meeting, 04/29/2021



SiMPLE @ IP6: Silicon and Micro Pattern Gaseous Detector for Large Experiment

SiMPLE @ IP6: a Si+MPGD tracker concept
q SiMPLE at this point is a starting point 

derived from a ToyModel cartoon 

describing what the idea we try to 

coalesce around

q Not a frozen configuration, the hybrid 

(MAPS layers + MPGDs) is still open 

nothing is frozen yet 

q France, UK and China institutions and 

universities as major players 

q Open to and expect new members

q Several US institutions 



SiMPLE @ IP6: Participating groups

Groups Contacts expertise

Florida Tech
Temple U. 
Univ. of Virginia 

Marcus Hohlmann
Matt Posik
Kondo Gnanvo

MPGDs: GEM & μRWELL
Barrel, forward & backward trackers 
GEM-TRD in forward region

CEA Saclay Francesco Bossu
Maxence Vandenbroucke

MPGDs: Micromegas
Barrel, forward & backward trackers,  
Readout electronics for MPGDs

BNL + Yale University Bob Azmoun, 
Alexander Kiselev,
Nikolai Smirnov

MPGDs: anode readout, hybrid MPGD structures 
(GEM + Micromegas)

eRD25 – University of Birmingham & other 
institutions

Laura Gonella … MAPS:
Vertex detector, Barrel, forward & backward 
trackers,

eRD25 – UC Berkeley – LBNL Leo Greiner
Ernst Sichtermann

MAPS:
Vertex detector, Barrel, forward & backward 
trackers,

LANL Li Xuan… MAPS + other Si technologies

Chinese Collaborators: USTC, IMPCAS … Yuxiang Zhao… MPGDs & MAPS 
Readout electronics?

Jefferson Lab, Vanderbilt University Yulia Furletova, 
Sourav Tarafdar

TRD in forward region (GEM / μRWELL) 



q Large area GEM for forward / backward trackers 

q Large area (1 m ´ 0.5m) & Low mass GEMs (~0.5% X/X0)

q High performance & low channels count anode readout for MPGD 

q Zigzag strips, Capacitive-sharing readout

q Resistive Micro-Well (μRWELL) technology

q Develop large area μRWELL with capacitive-sharing readout

q Large Cylindrical μRWELL for EIC Barrel tracker

q Fast tracking & precision layer for DIRC & TPC

q Layers for the main barrel Cylindrical MPGD Trackers

q GEM-based transition radiation detector (GEM-TRD)

q Prototyping and Gas system

q Provide 𝑒/𝜋 discrimination and tracking

Cyl. uRWELL: Mockup

Tracking Detectors: Florida Tech – Temple U. – Univ. of Virginia

Hardware R&D Work within eRD6 & eRD22

Large & low mass GEM GEM-TRD Prototype 

GEM-TRD Track



q Simulation with Fun4All

q Optimize Si-MPGD design for tracking and material allocation

q Implement µTPC mode for cyl. µRWELLs to allow reconstruction of tracklets

q Study the impact of µRWELL tracking on DIRC PID

q Implement large area GEM trackers for end cap regions

Tracking Detectors: Florida Tech – Temple U. – Univ. of Virginia
Simulation Work within eRD6

q Contributions to the Proposal

q Collaborate with Si and other MPGD groups in simulation work for Si-MPGD hybrid detector

q Continue R&D on 𝜇𝑅𝑊𝐸𝐿𝐿 and GEM trackers

q Detector integration effort

GEMs

Micromegas Silicon

RICH
Vertex detectorTPC

Si tracker

FIT mock prototype Simulation implementation



CEA Saclay – Tracking detectors
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Expertise on large Micromegas detectors
l CLAS12

l Compact and light cylindrical tracker in B=5T 
l About 0.4%X0 per tile
l Total area : ~4 m2 (including spares)
l It’s taking data since 11/2017
l “Easy” accessibility: being re-mounted by JLab team with Saclay team in 

remote
l ATLAS NSW

l 392m2 out of 1200m2 resistive MM done in Saclay
l 100µm mechanical precision
l Max rate 15kHz/cm2

l ~2M channels
l TPC readouts (ILC, FCC, T2K, Minos…)

Ongoing R&Ds:
l Ultra-light MM (aiming at 0.05%X0 per detector)
l Low IBF for TPC readout

Strong interest in a new ASIC for MPGD readout
l Long experience in FEE (AGET, DREAM, …)
l Ongoing discussions with the Sa Paulo group for a common development
l Discussion started with eRD6 to collect the desired specifications



CEA Saclay – Tracking detectors

22Tracking Session, EIC@IP6 Meeting, 04/29/2021

Contributions to the proposal:
l Continuation of the simulation work done for the YR
l In collaboration with other eRD6 groups
l Si + Micromegas hybrid configuration meet the requirements for material 

budget and momentum resolution
l Optimization of layers and tiles geometry
l Implementation of a light support structure in simulation
l Synergy with detector integration effort

Most relevant and urgent questions:
l Close discussion with the PID group to define available space and tracking 

performance requirements
l Timing requirements
l Technology cost estimates and total budget must be at the top of the problem 

boundary conditions
l Risk assessment of technology R&Ds and backup solutions
l Synergy with the software group

How do we see the global tracking system:
l Hybrid Si + MPDGs
l Performance driven by physics requirements
l Keeping an eye on costs and technology readiness



EIC Detector focus: a forward silicon vertex/tracking detector (FST)

• Interested institutions/consortia: LANL, BNL, JLab, Univ. of Michigan, UC Santa Cruz, 
FNAL, KIT, Univ. of Heidelberg, UC consortium, LGAD consortium…

• Initial detector conceptual designs have been carried out in GEANT4 simulation with both 
Beast and Babar magnets, which is part of the EIC yellow report  efforts.

23Xuan Li (LANL)

Different geometries have been 
explored

Finer segments for the FST

• Updates on the detector 
geometries and designs 
based on EIC overall detector 
requirements (e.g., integration 
needs) can be made.

See more details in arXiv:2009.02888



Heavy flavor and jet physics studies associated with the proposed FST
• Explore the hadronization in medium via heavy flavor hadron nuclear 

modification studies, which is part of the EIC Yellow report.
• These studies can be updated with any new detector configurations and 

performance.

Xuan Li (LANL) 24
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The most relevant and urgent questions in the tracking sector

• Physics requirements: heavy flavor, jets, SIDIS, the other topics? 
– Better to merge into a table of the specific tracking requirements.

• Integration between gas and silicon detectors: 
– e.g., integrations in the barrel, forward and rear regions.

• Joint mechanical design for the barrel, forward and rear tracking 
detectors?

• Costs and risks:
– Complementary options to mitigate the costs and risks?
– Any risks for the proposed detector technologies to be able to fit in the EIC 

timeline?
Xuan Li (LANL) 25



Potential contributions depend on availability
• Engineering design of the FST is underway with the supports 

from the LANL LDRD 20200022DR project.

Xuan Li (LANL) 26

• Candidate silicon technology: LGAD (AC-
LAG) and MALTA prototype sensors are 
under testing at LANL. These studies will 
provide feedback on the detector design, 
assembly and integration.

LGAD/AC-LGAD 
sensor

MALTA sensor

Ongoing bench tests of the LGAD 
sensors

• Request to carry out the irradiation tests 
for these silicon sensors with the LANL 
LANSCE facility has been submitted, 
expect to achieve results later this year.

LANL LANSCE facility



Czech Interest in EIC@IP6 Tracking
Czech Technical University in Prague, 

Faculty of Nuclear Physics and Physical Engineering (FNSPE CTU)
&

Nuclear Physics Institute, Czech Academy of Sciences (NPI CAS)

v Experiences from STAR, PHENIX, ATLAS and ALICE collaborations.

Possible contribution:
• Development and testing of detector simulations (Jaroslav Bielcik, Jana Bielcikova)

0.5 FTE postdoc will be hired from summer 2021 EIC
• Participation in detector R&D and hardware preparation (Lukas Tomasek et al.)
• Radiation hardness tests (Filip Krizek)

contact email: Jaroslav.Bielcik@fjfi.cvut.cz



Detector R&D – CAPADS group @FNSPE CTU 
Main focus of our detector group in general is mostly R&D of silicon 
based detectors and related activities (readout hw and sw, testing...).
We have designed strip and  pixel silicon sensors and readout ASICs
and also Monolithic Active Pixel Sensors (MAPS) for applications
in dosimetry, imaging and tracking. 
Our group collaborated for example on CERN ATLAS Pixel and Medipix projects. 

Areas of interest of our group include these topics:
● R&D and evaluation of modern semiconductor technologies for use in high energy physics;
● Investigation of possibilities to optimize MAPS fabrication process to achieve optimal detector

performance using ASIC design simulation tools and TCAD;
● Design of silicon sensors and ASICs, fabrication and evaluation of its performance in terms of detector

response to high energy particles, radiation tolerance and electrical characteristics.
● Characterization, testing, quality assurance of silicon detectors and ASICs on an automatic probe station;
● Radiation tests of developed detectors using 60 Co source, reactor neutrons and 23 MeV proton beam;
● In addition, work on the development of associated readout electronics, software and firmware and 

later to help with commissioning and operation.

We have just joined EIC Silicon Consortium@IP6 activities.

capads.fjfi.cvut.cz, contact email: Lukas.Tomasek@fjfi.cvut.cz



• 30 MeV protons
• Currents   ~ 100 fA – 50 μA
• Beam 2D Gaussian σx = σy ~ 2 cm
• Time structure 26 MHz modulated with 150 Hz macro-pulse

Duty cycle 4 - 65%

• Experimental setup is placed in the NPI’s cyclotron hall

www.ujf.cas.cz, contact email: krizek@ujf.cas.cz

Tests of radiation hardness at the NPI cyclotron



• Online measurement of total ionization dose  (15% precision)
• Beam intensity monitored with an ionization chamber 

(linear up to 109 proton cm-2 s-1 )
• Remotely controlled system of beam stops and energy degrader plates

(allows tuning parameters of the beam without irradiating tested sample)
F. Krizek et al., Irradiation setup at the U-120M cyclotron facility, NIM A 894 (2018) 87

Tests:  silicon sensors for ALICE@CERN,  FPGA,  electronics 

Setup for tests of radiation hardness



GEM-TRD: a tracker & additional e- ID 
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q To improve e-identification for leptonic/semi-leptonic  
decays.

q In addition to Calorimeters and Cherenkov detectors 
in the hadron-endcap considering TRD. 

q GEM -TRD/Tracker :
q e/p rejection factor ~10 for momenta between 2-

100 GeV/c from a single ~15cm thick module.
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q Very precise Tracking segment  behind  dRICH:   

Thickness [cm] 

Yulia Furletova
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1. which contributions you can bring for work on tracking, aiming to develop the proposal over the coming months;
GEM based Transition Radiation Detector which serves as one-unit  for tracking and additional e/pi rejection.

2. what are the most relevant and urgent questions in the tracking sector;

Ø VTX (Z-vertex)  defemination (for long-lived particles) 
Ø Material budget in the electron-endcap and barrel  where particle energies are low. 
Ø For software WG: track-finding algorithms (extrapolation vs interpolation) 
Ø For physics and detector WGs- what are the required e/pi rejection and what we could achieve (taking into 

account all-minbias events) ?
Ø Read-out electronics and cost. 

3. how do you see the global tracking system for Detector 1.
As a combination of Si and large-size gas-based  detectors. 

Yulia Furletova

GEM-TRD: a tracker & additional e- ID 


