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๏ Electron-Ion Collider 

๏ Detector Requirements 

๏ ePIC Detector Design 

๏ Various Subsystems 

๏ Summary

Outline
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The EIC will unravel the 
different contribution from 

the quarks, gluons and 
orbital angular momentum 

SPIN is one of the 
fundamental properties of 

matter. 
All elementary particles, 
but the Higgs carry spin. 
Spin cannot be explained 
by a static picture of the 

proton 
It is the interplay between 
the intrinsic properties and 
interactions of quarks and 

gluons

How can we understand their 
dynamical origin in QCD? 

What is the relation to 
Confinement 

How are the quarks and gluon 
distributed in space and 

momentum inside the nucleon 
& nuclei?  

How do the nucleon 
properties emerge from them 

and  their interactions?

Does the mass of visible 
matter emerge from quark-

gluon interactions? 

Atom: Binding/Mass =  
 0.00000001 

Nucleus: Binding/Mass = 
 0.01 

Proton: Binding/Mass = 
 100 

For the proton the EIC will 
determine an important term 

contributing to the proton 
mass, the so-called “QCD 

trace anomaly

How do the confined 
hadronic states emerge from 

quarks and gluons?  

Is the structure of a free and 
bound nucleon the same? 

How do quarks and gluons, 
interact with a nuclear 

medium? 
How do the quark-gluon 

interactions create nuclear 
binding?

What happens to the gluon 
density in nuclei? Does it 
saturate at high energy? 

How many gluons can fit in 
a proton? 

How does a dense nuclear 
environment affect the 

quarks and gluons, their 
correlations, and their 

interactions?

?
=gluon 

splitting gluon 
recombination

EIC NAS Science Pillars
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❖ High luminosity:   
❖ Highly polarized beams :   
❖ Broad center-of-mass energy:  
❖ Wide range of ion species, from proton to uranium

L = 1033-1034 cm−2 s−1

P ∼ 70 %
s = 29 - 141 GeV

✤ A single integrated line-item construction project  
executed as subprojects with well-defined deliverables,  
interfaces, and Key Performance Parameters. 

๏ Accelerator Storage Rings (ASR) 
๏ Detector (DET) 
๏ Interaction Region (IR) 
๏ Electron Injector (EIN) 
๏ Project and Integrated Performance (IP) 

          (includes Energy & Luminosity Ramp-up (ELR)) 
✤ RHIC operations concluded in late January 2026,  

  enabling the start of Electron-Ion Collider construction.  
  Anticipate CD-2/3 for ASR and CD-2 for DET in 2026. 

✤ EIC initial science begins in 2035

EIC Key Performance Goals:

EIC: Project Overview and Capabilities
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26 subsystems over ± 40 m  
to measure particle momenta, energy and particle type 
❖ 3 electromagnetic calorimeters 
❖ 3 hadronic calorimeters 
❖ Silicon and Micro-pattern gas detectors 
❖ 3 RICH detectors + time-of-flight 
❖ 7 Auxiliary detectors (Si + HCal + ECals)  
❖ electron and hadron polarimetry 
❖ Integration, Installation and Infrastructure 
❖ Non-Beam Commissioning 5

High scientific flexibility 
๏ Fully streaming readout electronics and data acquisition 
๏ Integration AI/ML capabilities from the start

electron beam

p/A beam
Luminosity  
System Low-Q2 Taggers

Zero Degree Calorimeter

Roman Pots (RPs) and  
Off-Momentum Detectors (OMDs) 

ePIC: EIC General Purpose Detector
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3.1. INTRODUCTION 13

approximately, the pseudorapidity η region (-1.5, 1.5), while the endcaps equip the regions up to
pseudorapidity |3.5 → 4.0|, the upper bound being dictated by the beampipe layout. The separation
in barrel and endcap regions is indicative and the subsystem extension can overcome it in favor of
the overall detector optimization. For instance, the most inner layers of the tracking system have
acceptance well beyond η < |1.5|, the barrel Cherenkov PID counter and the barrel electromagnetic
calorimeter extends in the backward endcap.

p/A beam electron beam

z

BarrelLepton 
Endcap

Hadron 
Endcap

η = 1.5

η = 3.5

η = 0

η = -1.5
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Figure 3.1: A schematic showing how the scattered electron for different x - Q2 and hadrons
are distributed over the detector rapidity coverage.

The CD subsystems have a layered structure, from inside to outside: tracking subsystems, particle
identification devices, electromagnetic calorimeters, solenoid coils in the barrel, and hadronic
calorimeters.

The reference operation condition of the new MARCO magnet (Sec. 3.2.2), specifically designed
for ePIC, is with 1.7 T field intensity and it can provide up to 2 T. It has good homogeneity in the
central region and provides projective field lines in the forward endcap to match the requirements
posed by the usage of a gaseous radiator in the forward RICH. The solenoid axis coincides with the
electron beam line in the IR to limit the synchrotron radiation from the beam electrons. This results
in helicoidal trajectories of the beam ions, becuase of the crossing angle of the two beams.

The tracking system (Sec.3.2.3) is the most inner subsystem in order to ensure the minimum
distortion of the trajectories by the crossed material. It consists of pseudo cylindrical layers completed
by discs in the endcaps. The low material budget (Fig. 3.3) is guaranteed by the selected tracker
technologies, with the thin ITS3 MAPS (subsystem Silicon Vertex Trackers, SVT), even in support-
less arrangement in the most inner layers, and MPGDs for the most external layers (subsystems:
CyMBaL cylindrical Micromegas, CyMBaL; microResistive Well Barrel Outer Trackers, µRWELL-
BOT; microResistive Well EndCup Trackers, µRWELL-ECT). The two tracker technologies support

41GeV & 100 to 275 GeV 5 GeV, 10 GeV, 18 GeV

๏ Asymmetric beam energies 

๏ Detection of scattered electron  

๏ Detect ion o f a l l p roduced 
particles especially the ones 
scattered under very small 
angles into the detectors along 
the beam line 

๏ Asymmetric detector with an 
electron and a hadron end cap

ePIC Kinematics
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ePIC Requirements
Vertex detector → Identify primary and secondary vertices 

Low material budget: ~0.05% X/X0 per layer 
High spatial resolution: ~10 µm pitch CMOS Monolithic Active 
Pixel Sensors (MAPS) 

Central tracker → Measure charged particle momenta 
Silicon MAPS tracking layers combined with large-area micro-
pattern gas detectors 
MPGD technologies: µRWELL and  Micromegas 

Electron and hadron endcap tracker → Measure charged  
Particle momenta 
Silicon MAPS disks combined with micro-pattern gas detectors 

Particle Identification → pion, kaon, proton separation  
Wide momentum range RICH detectors (modular and dual-
radiator RICH), DIRC, and Time-of-Flight systems High-
resolution timing detectors (HRPPDs, LGAD): ~20-30 ps 

EM calorimeter → Measure photons (energy and angle), identify 
electrons  

PbWO₄ crystals (electron-going/backward region), W/ScFi SPACAL 
(hadron-going/forward region) 
Barrel: Pb/ScFi sampling calorimeter with imaging section or 
scintillating glass option 

Hadron calorimeter → Measure charged hadrons, neutrons, and  
Target resolution ~50%/√E ⊕ 10% for low-energy hadrons (~20 GeV 
scale) 
Steel–scintillator sampling calorimeter with longitudinal segmentation 

DAQ & Readout Electronics → trigger-less / streaming DAQ 
High-rate data acquisition with advanced online processing 

Very forward and backward detectors → detect particles scattered at 
very small angles 

Silicon tracking detectors integrated with beam line spectrometer 
elements 
Zero-degree electromagnetic and hadronic calorimeters 

K0
L
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ePIC Central Detector

9.5 meters

2.
67

 m
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3.2. THE EPIC DETECTOR 31

Figure 3.17: Assembly overview of the MARCO magnet inside its iron yoke. The iron yoke is
divided in three separate sections, respectively Lepton, Barrel and Hadron, made of several
components, including some hadronic calorimeters. Their names indicate the sides from
which the particles beams come.

Table 3.3: MARCO requirements

Parameter Value Unit

Nominal central field at IP 2.0 T
Operating field range 0.5 – 2.0 T
Magnetic field polarity Bipolar
Coil length 3492 mm
Warm bore diameter 2840 mm
Cryostat length < 3850 mm
Cryostat outer diameter < 3540 mm
Yoke diameter → 6500 mm
Axial yoke length → 9500 mm
Field uniformity in the Flat Field area 12.5 %
Fringe field on IR magnets < 10 G
Projectivity in RICH area < 10 T/Amm!
Nuclear interaction length < 0.5 g/cm2

Charging voltage < 10 V
Fast discharge voltage (max) ±500 V
Quench hot spot temperature < 150 K
Temperature margin > 1.5 K
Current margin (I/ISSL) < 30%
Operating temperature 4.5 K

ePIC Solenoid Magnet

3.2. THE EPIC DETECTOR 31

Figure 3.17: Assembly overview of the MARCO magnet inside its iron yoke. The iron yoke is
divided in three separate sections, respectively Lepton, Barrel and Hadron, made of several
components, including some hadronic calorimeters. Their names indicate the sides from
which the particles beams come.

Table 3.3: MARCO requirements

Parameter Value Unit

Nominal central field at IP 2.0 T
Operating field range 0.5 – 2.0 T
Magnetic field polarity Bipolar
Coil length 3492 mm
Warm bore diameter 2840 mm
Cryostat length < 3850 mm
Cryostat outer diameter < 3540 mm
Yoke diameter → 6500 mm
Axial yoke length → 9500 mm
Field uniformity in the Flat Field area 12.5 %
Fringe field on IR magnets < 10 G
Projectivity in RICH area < 10 T/Amm!
Nuclear interaction length < 0.5 g/cm2

Charging voltage < 10 V
Fast discharge voltage (max) ±500 V
Quench hot spot temperature < 150 K
Temperature margin > 1.5 K
Current margin (I/ISSL) < 30%
Operating temperature 4.5 K

Magnet  Requirements

104 CHAPTER 3. EXPERIMENTAL SYSTEMS
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Figure 3.91: EPIC magnetic field map with the PID detector envelopes overlaid. Shown is the
1.7 T setup.

detector. As shown, the PID systems provide, in addition to hadron PID, a significant contribution
to the e-identification and its purity (e/h). When combined with the EM calorimeters, these subsys-
tems will provide excellent suppression of the low-momentum charged-pion backgrounds, which
otherwise limit the ability of the EMCal to measure the scattered electron in kinematic reagion where
it does not provide sufficient e/h separation.

ePIC’s Cherenkov detectors, dRICH, pfRICH, and hpDIRC, must overcome various challenges
related to their respective photosensors. One is the strong magnetic field that rules out the use of
conventional photomultipliers. Figure 3.91 shows the realistic ePIC magnetic field for the 1.7 T setup
with highlighted Cherenkov PID detectors envelopes. In the region of the hpDIRC detector plane,
where the MCP-PMTs will be located, the magnetic field is at a level of 0.2-0.3 T. The field at position
of the pfRICH HRPPD sensors is about 1.2 T and the field at the dRICH is 0.3-0.6 T.

Another significant challenge is the sensors’ sensitivity to radiation, particularly in the forward
region where the dRICH is located. Figure 3.92 depicts the radiation map for ePIC with the PID
subsystem contours. Shown are (a) the estimates of the 1-MeV neutron equivalent fluence and
(b) the sum of electromagnetic and charged-hadron dose simulated with 10 → 275 GeV ep Pythia
events. SiPMs, while ideal in terms of quantum efficiency and wavelength sensitivity, do suffer from
increased dark currents due to radiation exposure. However, cooling during operation and thermal
annealing have been demonstrated to mitigate this issue [95, 217]. Other photosensors used, show
enough radiation hardness (HRPPD) or are situated in less radiation-intensive areas (MCP-PMT).

In the following subsection the different PID subsystems in ePIC are discussed in detail. Subsection
3.2.4.1 discusses the ToF systems, followed by 3.2.4.2 on the pfRICH, 3.2.4.3 describes the hpDIRC
and we end with details on the dRICH system in 3.2.4.4.
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Hadronic Calorimetry at ePIC

nHCAL
•Steel/scintillator
•Not part of the  
magnetic flux return
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EM Calorimetry at ePIC
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EM Calorimetry at ePIC
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Backward ECal

Main 
Function

Proven 
Technolo

gy

Steel + Scintillator design re-
used from sPHENIX

scattered lepton detection  
-> very high-precision

Barrel ECal Forward ECal

PbWO4 – crystals 
long lead procurement 

SiPM as Photon sensors  

scattered lepton and γ 
detection, hadronic  final state 
characterization

Pb/SciFi sampling part using 
SiPMs combined with 
imaging section (6 layers) 
interleaving Pb/SciFi with 
ASTROPIX 

Use of ASTROPIX in 
Calorimetry

Backward HCal Barrel HCal Forward HCal

lepton and γ detection, 
hadronic  final state 
characterization   
π0, γ separation

Tungsten-powder + 
SciFi SPACAL design  
Developed through 
EIC R&D and applied 
successfully in 
sPHENIX

particle-flow 
measurements 

longitudinal segmented 
Steel + Scintillator 
SiPM-on-tile Pioneered 
by CALICE analog 
HCal High resolution 
insert next to beam-
pipe

Steel + Scintillator 
SiPM-on-tile

first-time full-size 
CALICE like calorimeter 
in collider experiment

muon and  
neutral detection 
improved jet Energy 
reconstruction

muon and neutral 
detection  
improved jet Energy 
reconstruction

World’s 
first at 
ePIC       

ePIC Calorimetry at a Glance 
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Particle Identification at ePIC
๏ Two different techniques for particle identification 

✤ Cherenkov imaging 
✤ Time of Flight  

๏ Cherenkov imaging detectors in ePIC 
✤ Proximity Focussing RICH (pfRICH) 
✤ High Performance DIRC (hpDIRC)  
✤ Dual-radiator RICH (dRICH) 

๏ Time of Flight detectors in ePIC 
✤ Barrel AC-LGAD Time of Flight 
✤ Endcap AC-LGAD Time of Flight
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๏ π/K/p  of 3σ separation up 
to 7 GeV/c 
๏ Utilizes long proximity gap 
(~30 cm) with 1.04 refractive 
index aerogel 
๏ High-Rate Picosecond 
Photon Detectors (HRPPD) 
as photosensor with single 
photon timing resolution of 
~30-40 ps      

Backward RICH (pfRICH) Barrel DIRC (hpDIRC)

๏ π/K/p of 3σ separation up to 
6 GeV/c 
๏ Quartz bars as radiators 
๏ Saphire lens as focusing 
optics 
๏ Compact Solid fused silica 
prism as expansion volume 
๏ MCP-PMT as photosensors. 

Barrel TOF

๏  π/K of 3σ 
separation 
between 0.2-1.2 
GeV/c  
๏ AC-LGAD strip 
sensors with timing 
resolution of ~ 35 
ps. 

๏ π/K of 3σ separation  
between 3 and 50 GeV/
c.  

๏ Aerogel (n = 1.026) and 
C2F6  gas as two 
different radiators. 

๏ Focusing mirror 
๏ SiPM as Photosensors

๏  π/K of 3σ 
separation between 
0.2 to 2.3 GeV 
๏ AC-LGAD pixel 
sensors with timing 
resolution of ~ 20 
ps 

Forward TOF Forward RICH

Particle Identification at ePIC
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8.3. THE EPIC DETECTOR 123

Figure 8.64: simulation of 1/b as a function of particle momentum for BTOF and FTOF
performance.

sensor and ASIC. Some sensor characteristics can be estimated based on accumulated knowledge,3032

which might allow certain designs to be completed simultaneously.3033

The second full-size sensor prototype will be the last, but we will make another prototype as a3034

backup and make final adjustments for mass production. Depending on the budget, additional3035

sensor and ASIC prototypes may be ordered.3036

During the development phase, assembly was carried out as soon as the other components became3037

available. However, there will be a time lag between the arrival of components and the start of as-3038

sembly in the preproduction and production phases. This is because additional time is required for3039

quality assurance (QA) and quality control (QC) procedures before the components can be shipped3040

to the dedicated assembly sites. As a result, the preproduction and production phases will begin3041

two months later than other phases.3042

particle identification Figure 8.64 shows an example of a single-particle response simulation of3043

1/b as a function of particle momentum for BTOF and FTOF performance.3044

8.3.4.2 The proximity focusing RICH3045

Requirements3046

Requirements from physics: Particle identification capabilities in the electron going endcap3047

region of the ePIC detector (�3.5  h  �1.5) will be provided by a proximity focusing ring3048

imaging Cherenkov detector (pfRICH). Driven primarily by the requirements from SIDIS measure-3049

ments, the pfRICH will need to provide 3s separation or better between pions, kaons, and protons3050

for momenta p < 7 GeV/c. The pfRICH will also play a critical role in electron-hadron separation3051

for momenta below roughly 3 GeV/c, where hadron distributions are at their maximum and the3052
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Figure 8.90: The expected performance of the hpDIRC as a function of the particle’s polar
angle in terms of photon yield (a) for pions and p/K separation power (b). These results are
based on a standalone Geant4 simulation of 6 GeV/c particles.

sumed. A pixel size of 3.2 mm was chosen based on Geant4 simulations as a balance be-3866

tween cost, performance, and expected availability as the sensor technology for the hpDIRC.3867

Lifetime-enhanced 2” MCP-PMT tubes are commercially available from Photonis and Photek3868

with suitable DC-coupled anode configurations. The simulation utilized Photonis Planacon3869

XP85122 MCP-PMTs, incorporating realistic sensor characteristics including photon timing,3870

collection efficiency, and quantum efficiency. With the termination of the production of the3871

Photonis PMTs, the Photek MAPMT 253 sensors shown in Fig. 8.89 are now the leading can-3872

didates for the hpDIRC. These share the same footprint and are expected to exhibit similar3873

properties to the Photonis tubes.3874

FEE: Fast ASIC-based readout systems are being developed by the EIC project to meet the3875

demands of various ePIC detector systems. For the hpDIRC, the readout electronics must be3876

capable of detecting small signals (on the order of a few millivolts) from MCP-PMTs while3877

maintaining excellent single-photon timing resolution. Additionally, the electronics need to3878

match the channel density and sensor footprint, as they will be directly coupled to the back3879

of the sensor to minimize distance and achieve optimal timing precision. The two leading3880

candidates for hpDIRC readout are EICROC and FCFD, which are discussed in detail in3881

Section XXX.3882

Performance Figure 8.90 presents the expected performance based on standalone Geant4 sim-3883

ulation studies. The plots illustrate particles that are fired over a range of polar angles but with3884

an azimuthal angle fixed at zero degrees (so perpendicular to one of the middle bars). The black3885

points represent the photon yield and separation power for 6 GeV/c charged pions and kaons as a3886

function of polar angle with the magnetic field enabled, while the red points display the same data3887

with the magnetic field disabled.3888

The number of detected Cherenkov photons per particle (plot a) ranges from 40 to 150, depending3889

on the polar angle. The sharp increase in photon yield at steeper forward and backward angles is3890

due to the longer track lengths in the fused silica bars, with an asymmetry in forward/backward3891

yields resulting from photon loss along longer propagation paths at smaller polar angles. The peak3892

in the photon yield near a polar angle of 90� occurs because a larger fraction of the photons satisfy3893

the total internal reflection criterion near perpendicular incidence, compared to slightly larger or3894

smaller angles.3895

The “separation power” for both particle hypotheses (plot b) is obtained from Gaussian fits to the3896

log-likelihood differences between pairs of particle hypotheses. It is calculated as the difference3897

between the means of the two Gaussians divided by the arithmetic average of the two widths. The3898

176 CHAPTER 8. EXPERIMENTAL SYSTEMS

N photons the angular precision scale with a maximum N�1/2 factor only in case of a completely4480

uncorrelated information, a condition that is not valid for the bending and tracking contributions.4481

The uncertainty on the emission point is not an issue for a few cm layer of aerogel, but is critical4482

for a 1 m long gas volume, expecially within the limited space available in ePIC for the optics: this4483

remains the major contribution to the SPE resolution of the radiator gas despite the mirror focaliza-4484

tion and the curved dRICH detector surface. Because the present model assumes a single radius for4485

the dRICH mirros, optimized for the forward rapidity region to boost the high-momentum reach,4486

the resolution worsens with the polar angle increase. This is not a problem, because the average4487

particle momentum decrease as well loosing the performance requirement. The chromatic error is4488

well under control for gas but is the largest contribution to the angular resolution for the aerogel.4489

This derives from the intrinsic nature of the radiator in conjunction with the quantum efficiency4490

characteristic of the photosensor. The chromatic uncertainty limits the aerogel momentum reach4491

to something above 15 GeV/c, a value well above the Cherenkov threshold of kaons in gas, high4492

enough to provide the wanted overlap between the measured ranges of the two radiators.4493

Figure 8.103: (Left) Contributions to the single-photon angular resolution for aerogel.
(Right) Contributions to the single-photon angular resolution for radiator gas.

Figure 8.104: (Left) Reconstructed mass vs momentum for pions, kaons and protons. (Right)
Reconstructed mass vs momentum for pions and electrons. Distinct values derived from
aerogel and gas are shown, to highlight the complementary coverage and effective interplay
of the two radiators. The study is performed at the large rapidity endpoint 3.2 < h < 3.5.

The number of emitted photons varies with the pseudo-rapidity due to the different path of the4494

particle within the radiators. The mean number of recorded photons is about 18 for the radiator4495

gas and 12 for the aerogel for a particle with momentum well above the Cherenkov threshold. In4496

average, few charged particles per event are expected to hit the detector. With a proper pattern4497

recognition and photon path reconstruction, the information of the two radiators can be combined4498

to extend the hadron momentum coverage of ePIC PID from the TOF ⇡ 2.5 GeV/c upper momen-4499

tum limit to above 50 GeV/c, and support electron separation up to 15 GeV/c, see Figure 8.104. In4500

dRICH

hpDIRC

ToF

8.3. THE EPIC DETECTOR 129

Figure 8.68: (Left) The reconstructed Cherenkov angle for electrons, pions, kaons, and pro-
tons as a function of momentum. (Middle) Ns separation between the electron and pion
hypotheses as a function of momentum. (Right) Same as the middle panel, for pion and
kaon hypotheses. (Figure documentation)

separation for p < 2 GeV/c and decreasing separation power for momenta up to ⇠ 5 GeV/c3233

as seen in the left panel of Fig. 8.69. The pfRICH detector therefore plays an important role3234

in the ePIC detector, allowing identification of the scattered electrons in kinematic region not3235

accessible by other detectors.3236
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Figure 8.69: (left) Yield ratio of p�/escat before (open black squares) and after (black full
squares) pfRICH veto on p� in PYTHIA 6 e+p collisions at 18⇥275 GeV for �3.0 < h < �2.5.
(right) Kaon candidates identified using the pfRICH (full markers) in MC DIS e+p collisions
at 18 ⇥ 275 GeV in PYTHIA 8. The open markers show contributions from correctly identi-
fied kaons and other hadrons misidentified as kaons. (Figure documentation)

Another important utilization of the pfRICH is hadron identification in the backward region3237

in SIDIS studies. For that reason, the ability to separate p, K, and p hadrons was studied3238

using simulation of e+p collisions at 18 ⇥ 275 GeV in PYTHIA 8. Specifically, the expected3239

purity of leading K� mesons was evaluated and was shown to be close to 100% up to hadron3240

momenta of p < 6 GeV/c, as shown in the right panel of Fig. 8.69. This means that pfRICH3241

will play an important role in SIDIS studies as it can efficiently distinguish various hadron3242

species in a wide momentum range.3243

Timing performance: A primary use of the excellent HRPPD timing resolution is providing3244

an independent t0 reference to the barrel and forward endcap Time of Flight subsystems.3245

However, one can make use of the t0 ⇠20 ps reference provided by the accelerator, and ap-3246

ply Time of Flight techniques to the pfRICH as a standalone subsystem. This functionality is3247

pfRICH
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Figure 3.90: The histogram shows the relative yield of charged hadrons from Pythia simu-
lations for 18 → 275 GeV ep collisions as a function of momenta and pseudorapidity, η. The
contours indicate the 3σ separation region of the different ePIC PID subsystems for ε/K (a),
K/p (b), and e/ε (c), respectively.

• A proximity-focusing aerogel RICH (pfRICH) to cover the electron endcap region. This design
features minimal material budget and provides additionally excellent ToF through its novel
HRPPD photosensors.

Figures 3.90 illustrates the achieved coverage in the η vs. p plane of the various PID subsystems. The
contours indicate the 3σ range for e/ε, ε/K, and K/p-separation, respectively. This unprecedented
wide coverage of PID in momentum and over a wide range of η makes ePIC a truly unique collider

Particle Identification at ePIC
ePIC PID Requirements

PID 
Simulated 

Performance 
@ ePIC
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Tracking subsystems at ePIC

๏Silicon based trackers 
✤ SVT (Silicon Vertex Tracker) Endcaps 
✤ SVT (Silicon Vertex Tracker) OB 
✤ SVT (Silicon Vertex Tracker) IB 
✤ AC-LGAD Barrel & Endcap

๏Gas based trackers 
✤CyMBaL (Cylindrical MicroMegas Barrel Layer) 
✤µRWELL-BOT (µRWELL Barrel Outer Tracker) 
✤µRWELL-ECT (µRWELL End Cap Tracker)

Two different technologies for charged particle tracking
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Silicon vertex tracker  
based on ALICE ITS3  

• Displaced vertex reconstruction 
• Momentum resolution of 0.05%pT⊕0.5% and 

spatial resolution 20µm/pT⊕ 5µm 

µRWELL-BOT based on 
µRWELL  technology 

• Placed close to hpDIRC to improve angular and 
space point resolution to aid in PID. 

• Provide redundancy and pattern recognition for 
tracking 

BARREL TRACKERS

MAPS disks 

• Momentum resolution 
of (0.1)%pT⊕1.0 
(2.0)% and spatial 
resolution 30µm/pT⊕ 
(20-40 )µm 

µRWELL disks 
• Provide redundancy 

and pattern 
recognition for 
tracking. 

• Aid in background 
rejection

Backward (e- end cap) trackers Forward (hadron end cap) trackers

MAPS disks 

• Momentum 
resolution of 
(0.1)%pT⊕1.0 
(2.0)% and spatial 
resolution 30µm/pT⊕ 
(20-40 )µm 

µRWELL disks 
• Provide redundancy 

and pattern 
recognition for 
tracking. 

• Aid in background 
rejection

AC-LGAD disk 

With 30 um 
spatial 
resolution aid in 
providing 
additional 
space point

Barrel AC-LGAD 

• Provide additional space point with 
spatial resolution of ~ 30 µm

CyMBaL based on 
µMegas technology 

• Provide redundancy and pattern recognition 
for tracking  

Tracking subsystems at ePIC
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64 CHAPTER 3. EXPERIMENTAL SYSTEMS

Figure 3.56: Relative momentum resolution versus total momentum for charged pions
(points) together with physics requirements (curves) in different pseudorapidity ranges as
indicated. The results are based on full GEANT simulations of the central tracking system
(SVT+MPGD+AC-LGAD) using the ePIC software stack and ACTS-based track finding and
reconstruction using suitably tuned ACTS parameter settings. The error bars indicate the size
of the statistical uncertainties in the simulation.

Figure 3.57: Distance of closest approach in the radial direction between reconstructed
charged pion trajectories and the event origin versus transverse pion momentum (points)
together with physics requirements (curves) in different pseudorapidity ranges as indi-
cated. The results are based on full GEANT simulations of the central tracking system
(SVT+MPGD+AC-LGAD) using the ePIC software stack and ACTS-based track finding and
reconstruction. The error bars indicate the size of the statistical uncertainties in the simulation.

64 CHAPTER 3. EXPERIMENTAL SYSTEMS

Figure 3.56: Relative momentum resolution versus total momentum for charged pions
(points) together with physics requirements (curves) in different pseudorapidity ranges as
indicated. The results are based on full GEANT simulations of the central tracking system
(SVT+MPGD+AC-LGAD) using the ePIC software stack and ACTS-based track finding and
reconstruction using suitably tuned ACTS parameter settings. The error bars indicate the size
of the statistical uncertainties in the simulation.

Figure 3.57: Distance of closest approach in the radial direction between reconstructed
charged pion trajectories and the event origin versus transverse pion momentum (points)
together with physics requirements (curves) in different pseudorapidity ranges as indi-
cated. The results are based on full GEANT simulations of the central tracking system
(SVT+MPGD+AC-LGAD) using the ePIC software stack and ACTS-based track finding and
reconstruction. The error bars indicate the size of the statistical uncertainties in the simulation.

Relative Momentum Resolution for Charged Pions Distance of Closest Approach (DCA) Resolution for 
reconstructed charged pion tracks

Track finding and reconstruction performed using the ePIC software stack with ACTS-based algorithms 
๏ Reconstruction parameters optimized with tuned ACTS settings 
๏ Results from full GEANT simulations of the ePIC central tracking system (SVT + MPGD + AC-LGAD)

Tracking subsystems at ePIC
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Far-Backward subsystems at ePIC

10th EIC DAC Meeting, June 11th – 13th 2025

The Far Backward Region

2

Lumi System

Low Q2 Taggers

10th EIC DAC Meeting, June 11th – 13th 2025

The Low Q2 Taggers

3

Tracker
4 Layers of Timepix4 

pixel detectors

Calorimeter
Fiber sampling calorimeter 

(see Lumi)

Two detector stations placed 
along outgoing electron beamline

10th EIC DAC Meeting, June 11th – 13th 2025

The Lumi System

9

Bremsstrahlung processes     
  ep → epƔ, eA → eAƔ

▪ σBREMS precisely known from QED (~0.5%) 
Bethe-Heitler 1934

▪ At EIC both beams are polarised 
▪ σBREMS polarised component negligible  

EPJA 59:303 (2023))

▪ Large σBREMS ⇒ high statistics

▪ Lumi significantly higher than HERA 
(100x - 1000x)

ɣ energy spectrum
● Diverges Eγ→0
● Endpoint @ Eγ=Ee-beam
● Nuclei σeA=ZA

2 . σep 

ɣ angular distribution
● Strongly peaked @ beam 0o

● Dominated by e-beam divergence
● Diagnostic for beam steering, tuning

~0.1-1 cm
diamond

Main Function: 
measure bunch-by-bunch luminosity through Bethe-
Heitler process  

Technology:  
Pair-spectrometer: each with  
2 tracking layers of AC-LGAD / FCFD 
Synergy with Barrel-ToF  
Calorimeter: Tungsten-powder + SciFi SPACAL  
Synergy with forward ECal  

Main Function:
detection of scattered electrons

Technology: 
2  stations with 4 tracking layers each (16x18cm2) 
Si / Timepix4 
Calorimeter: Tungsten-powder + SciFi SPACAL 
Synergy with forward ECal 
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3

ePIC Far-Forward Detectors

10th EIC DAC Meeting, June 11th – 13th 2025 Alex Jentsch (BNL)

Ring Inside

Ring Outside

Dipoles
Forward 

SC Magnets
Rear

SC Magnets
pC Hadron
Polarimeter

Photon
Beam

Luminosity
Monitor

Low Q²
Taggers

Off Momentum 
Detectors

Roman 
Pots

Zero Degree 
Calorimeter

Hadron Storage Ring Electron Storage Ring electrons

Hadrons

*Not to scale
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Far-Forward subsystems at ePIC

Roman Pots Main Function: 
detection of forward scattered protons and nuclei 
Technology:  
2 stations with 2 tracking layers each 
AC-LGAD / EICROC ( 500x500 mm2 pixel) 
Synergy with forward ToF  

Off Momentum Detectors Function: 
detection of forward scattered protons and and  
Technology:  
4 tracking layers each 
AC-LGAD / EICROC ( 500x500 mm2 pixel) 
Synergy with forward ToF 
EMCAL: 2x2x20 cm3 PbWO4 calorimeter  
Synergy with backward ECal  

γ

detection of forward scattered neutrons and   

Technology:  
EMCAL: 2x2x20 cm3 PbWO4 calorimeter  

Synergy with backward ECal 
HCAL: 
Synergy with forward HCal

γ
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๏ EIC will be the first polarized electron proton/ion and electron nucleus collider 
providing high luminosity beams with wide range of energies 


๏ EIC will enable opportunities for many important QCD studies


๏ The ePIC collaboration is dedicated to build the first detector system at IP6 with many 
world’s first technologies to provide high coverage for nuclear physics programs


Summary

Exciting times ahead as the construction and 
operation of EIC & ePIC advances


