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→ s = 29 − 141 GeV (per nucleon)

• Based on RHIC: 

• use exiting hadron storage ring


     energy: 41–275 GeV

• add electron storage ring in RHIC tunnel


     energy: 5–18 GeV 

~ 70% polarisation

 ⃗e + ⃗p↑, ⃗He
↑

•  

• ℒ = 1033−34 cm−2 s−1

↔ ℒint = 10 − 100 fb−1/year

+ heavier, unpolarised hadrons, up to Uranium
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s =

29 −
141 GeV
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Based on RHIC: 


•
use existing hadron storage ring


     energy: 41–275 GeV


•
add electron storage ring in RHIC tunnel


     energy: 5–18 GeV 

IP8

IP6

The electron-ion collider (EIC)
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Luminosity and centre-of-mass energy: ep collisions

7

o 5 − 7 collisions luminosity vs center-of-mass energy
• achieves expected physics needs 

o 5 − : collisions luminosity is similar within a factor of ~2 to 3

The EIC Luminosity

Luminosity for eA similar within factor 2–3
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IP8

IP6

The electron-ion collider (EIC)

Crab crossing angle (25 mrad) at IP6:

restore head-on collisions

Interaction Point
Crab cavities rotate the beam bunches for near-full overlap at the interaction point
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The electron-proton/ion collider (ePIC) detector

h e
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The electron-proton/ion collider (ePIC) detector

h e

9.5 m
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hermetic coverage:
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 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4
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The electron-proton/ion collider (ePIC) detector

h e

9.5 m

5.3 m

hermetic coverage:

0o

 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics
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Kinematic coverage of central detector

η = -3.5
θ = 176.5° PID

ECAL + 
HCAL

PID + 
ECAL

H
C

AL

η = 0.88
θ = 45°

η = -0.88
θ = 135°

η = 0
θ = 90°

Electron BeamProton or Ion Beam

HCAL

PID + ECAL

Central Tracker
η = 3.5
θ = 3.5°



8.2. GENERAL DETECTOR CONSIDERATIONS AND OPERATIONS CHALLENGES 45
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 -1.000 < y < 1.000 cm (1 bin)→ min-bias integrated lumi.  -110x275GeV e+p  @ 500.0 kHz, 1 fb

Figure 8.2: This figure shows the total energy deposited in 2cm x 2cm x 1cm bins span-
ning the full size of the ePIC central detector from minimum-bias e+p events generated in
PYTHIA6 for 10 GeV electrons colliding with 275 GeV protons. This energy combination
represents the highest potential luminosity for the EIC. The results are shown as energy de-
posits per fb�1.

Figure 8.3 shows the total ionizing dose per fb�1, and per 2cm x 2cm x 1cm bin (or voxel) through-1018

out the main ePIC detector. The radiation dose has been calculated such that the dose per voxel1019

is scaled by the GEANT step length and normalized to make the doses in a particular (x, y, z) lo-1020

cation invariant to changing bin sizes. In general, the doses around the ePIC main detector from1021

minimum-bias events are modest, and only peak at 1 kRad per fb�1 in the regions at the outgoing1022

hadron beam pipe, and on the inner portion of the forward MPGD disks. There is also a significant1023

peak of radiation dose (⇠ 1 kRad per fb�1) in the PbWO4 calorimeter inside the B0 magnet.1024

For most of ePIC, total ionizing dose will not be the primary concern for radiation damage to detec-1025

tor components. In addition to total ionizing dose, 1 MeV neutron equivalent (MEQ) fluences are a1026

concern for potential cumulative damage to silicon detectors, especially silicon photo multipliers,1027

given that dark currents can notably increase with accumulation of neutron fluences, especially as1028

they begin to exceed 1011cm�2 1 MEQ fluence. The 1 MEQ fluences are summarized for the central1029

detector in Fig. 8.4.1030

The last important radiation type to consider is high energy proton and neutron (E > 20 MeV)1031

fluxes which can lead to acute issues with detector electronics in the form of single event upsets1032

(SEU). These fluxes are shown for the ePIC central detector in Fig. 8.5.1033

In general, minimum-bias e+p events do not pose a major threat to most ePIC subsystems in terms1034

of radiation damage, but there are areas of concern, especially for neutron fluences in the hadron-1035

going calorimetry, and near the beam pipe.1036

Radiation 
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Energy deposition for fb-1


Minimum bias for ep collisions at 10x275 GeV2
ℒ = 1
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The tracking system

h e

1.7 T magnet
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The tracking system 1.7 T solenoid

• Monolithic Active Pixel Sensor (MAPS) 


Silicon vertexing/inner tracker: high spatial and moment  

• Micro-pattern gaseous detectors

μRWELL/microMegas: 

timing (resolution: 10–20 ns) & pattern recognition


• AC-LGAD based TOF: 

PID & additional tracking point

10
M. Posik,  EINN Oct. 31st –Nov. 4th  , 2023, Paphos

ePIC Central Tracking Layout Overview

q ePIC tracking system is a hybrid of silicon and gaseous 
technologies

q MAPS Layers
§ Make up inner tracking volume
§ Highly granular and low mass layers to provide 

excellent momentum resolution and precision 
pointing resolution

q MPGD Layers
§ Large area detectors are instrumented in the outer 

tracking volume
§ Provide timing and pattern recognition
§ Planar detectors can provide impact point and 

direction for PID seeding

q AC-LGAD
§ Fast detector to provide low momentum PID.
§ Can provide an additional space point for pattern 

recognition/redundancymicroMegas

μRWELL



9

The tracking system 1.7 T solenoid

• Monolithic Active Pixel Sensor (MAPS) 


Silicon vertexing/inner tracker: high spatial and moment  

• Micro-pattern gaseous detectors

μRWELL/microMegas: 

timing (resolution: 10–20 ns) & pattern recognition


• AC-LGAD based TOF: 

PID & additional tracking point

10
M. Posik,  EINN Oct. 31st –Nov. 4th  , 2023, Paphos

ePIC Central Tracking Layout Overview

q ePIC tracking system is a hybrid of silicon and gaseous 
technologies

q MAPS Layers
§ Make up inner tracking volume
§ Highly granular and low mass layers to provide 

excellent momentum resolution and precision 
pointing resolution

q MPGD Layers
§ Large area detectors are instrumented in the outer 

tracking volume
§ Provide timing and pattern recognition
§ Planar detectors can provide impact point and 

direction for PID seeding

q AC-LGAD
§ Fast detector to provide low momentum PID.
§ Can provide an additional space point for pattern 

recognition/redundancymicroMegas

μRWELL
A

A’

AA’

radius [cm] % radiation length



9

The tracking system 1.7 T solenoid

• Monolithic Active Pixel Sensor (MAPS) 


Silicon vertexing/inner tracker: high spatial and moment  

• Micro-pattern gaseous detectors

μRWELL/microMegas: 

timing (resolution: 10–20 ns) & pattern recognition


• AC-LGAD based TOF: 

PID & additional tracking point

10
M. Posik,  EINN Oct. 31st –Nov. 4th  , 2023, Paphos

ePIC Central Tracking Layout Overview

q ePIC tracking system is a hybrid of silicon and gaseous 
technologies

q MAPS Layers
§ Make up inner tracking volume
§ Highly granular and low mass layers to provide 

excellent momentum resolution and precision 
pointing resolution

q MPGD Layers
§ Large area detectors are instrumented in the outer 

tracking volume
§ Provide timing and pattern recognition
§ Planar detectors can provide impact point and 

direction for PID seeding

q AC-LGAD
§ Fast detector to provide low momentum PID.
§ Can provide an additional space point for pattern 

recognition/redundancymicroMegas

μRWELL

Working principle silicon detector
Mean ionisation energy =3.62 eVI0

charged particle

Ionization

4

 Interaction of charged particles with electron cloud of atoms 
(loss of electrons, atoms -> ions)

 Dominant process at low energy

 Bethe-Bloch formula (general)

(MeV.g-1.cm²)

Energy loss depends:
 quadratic ally on the charge and velocity of the incident particle (but not on its mass)
 Linearly on the material (through electron density)
 Logarithmically on the material (through mean ionization I)

h±

h±
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Micromegas – Micromesh Gaseous Structure 

Micromesh mounted above readout 
structure (typically strips). 
E field similar to parallel plate detector. 
Ea/Ei ~ 50 to secure electron transparency 
and positive ion flow back  suppression. 
 

100 mm 

Ei 

Ea 

Y.Giomataris et al, NIM A 376 (1996) 29 

 Ioannis Giomataris 

10 

Working principle micro-pattern gaseous detectors

(microMegas)

Mean ionisation energy 

= 25–40 eV

I0
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Momentum resolution

60 CHAPTER 8. EXPERIMENTAL SYSTEMS

poses the most stringent resolution requirement and achieving the physics objectives will rely on1332

the combination with calorimetric energy measurement. The requirements in the range of largest1333

pseudorapidity, 2.5 < h < 3.5 can be met for the ultimate solenoidal field strength of 2 T.

Figure 8.16: 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.

1334

Figure 8.17 shows the simulated radial distance of closest approach, DCAr, for the reconstructed1335

trajectories of simulated charged pions to the event origin versus pion transverse momentum in1336

different pseudorapidity regions, together with the requirements. The simulations show that the1337

requirements on DCAr are substantially met over the SVT acceptance.1338

Figure 8.18 shows the track reconstruction efficiency versus pseudorapidity for representative mo-1339

menta. The track finding and reconstruction efficiencies are above 95% for �3.5 < h < 3.5 over a1340

wide kinematic range. The detector acceptance drives the drop-off in efficiency near extreme h for1341

all momenta, whereas current algorithmic limitations are responsible for the somewhat stronger1342

drop-off for the lowest momenta.1343

In addition to single-track simulations, we have also performed multi-track simulations in the form1344

of simulated Neutral Current (NC) DIS events and studied the tracking performance. These events1345

were generated using Pythia8, and they incorporate a realistic beam spot distribution as well as1346

beam angular and energy divergence effects at the event generation level. Their reconstruction1347

used the same framework and settings as used for the single-track simulations.1348

Figure 8.19 shows the pseudorapidity distribution for both the generated charged particles and for1349

the reconstructed tracks. The reconstructed track pseudorapidity distribution qualitatively agrees1350

with the truth spectrum above the transverse momentum of 500 MeV/c shown. This result demon-1351

strates the ability of the ePIC tracking detector system and track finding and fitting software to1352

efficiently and accurately reconstruct tracks in DIS events where multiple tracks are present.1353

Figure 8.20 shows how often the tracks in these DIS events are matched to a single or multiple1354
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Track reconstruction in the backward region: illustration

59

Measuring t-distribution à Full ePIC simulations
From K. Tu @ DIS 2023: 
https://indico.cern.ch/event/1199314/contributions/518
9840/attachments/2621029/4531556/ePIC-exclusive-
slides-Tu-v3.pdf
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Figure 5.6: The distribution in generated and reconstructed �t, with the reconstructed �t being the squared sum of the transverse momenta of
the scattered beam lepton and of the lepton pair originating from J/ decay, in di↵ractive production o↵ gold nuclei. The panel on the left-hand
side illustrates the influence of the quality of the scattered-lepton reconstruction on the determination of �t, as studied by ePIC. The panel on the
right-hand side shows the level of suppression of incoherent production (see text), as studied by ATHENA. Figs. taken from Ref. [430] and from
the supplementary material provided in the evaluation process of [32], respectively.

The spatial distribution of partons in impact-parameter space is related to a Fourier transformation, with t going from1984

0 to infinity [432]. Experimentally, one is limited by a maximal momentum transfer, which preferably extends as far as1985

possible. In practice, studies have shown that it is necessary to resolve the minima up to the third one for the evaluation of1986

the spatial distribution [2]. This dictates the needed level of suppression of the incoherent contribution. The suppression1987

of incoherent events includes the requirement of exactly three reconstructed lepton tracks with the correct charge in1988

absence of any other signal in the main detector and various criteria corresponding to the absence of signal in a series1989

of far-forward detectors, which can tag protons (Roman Pots for protons with energy close to the beam energy and the1990

B0 spectrometer and o↵-momentum detectors for nuclear-breakup protons), neutrons (Zero-Degree Calorimeters) and1991

photons (B0 and Zero-Degree Calorimeters). The capability to suppress incoherent production is illustrated in Fig. 5.6,1992

right, which shows the �t distribution for coherent and incoherent production o↵ gold nuclei. The former is again1993

simulated using Sartre, while for the latter the BeAGLE generator [433] is used. The generated coherent (incoherent)1994

contribution is represented by the continuous (dotted) line. The generated data are passed through a full simulation of the1995

ATHENA detector. The e↵ect of data selection requirements on the event activity in the main detector and on the absence1996

of activity in the far-forward detectors, based on the studies in Ref. [431], is represented by the blue, open circles. As can1997

been seen, the obtained distribution lies close to the distribution from coherent events simulated by Sartre. The remaining1998

contribution from incoherent events is given by the red, star symbols. The largest suppression of the incoherent process1999

comes from the requirement on the absence of any neutron signal in the Zero-Degree Calorimeter, while the requirement2000

on the absence of photon signals in this Zero-Degree Calorimeter also has an impact. Ways to further improve the2001

reconstruction of t and the suppression of incoherent production are at present under investigation.2002

The study of light nuclei can o↵er additional insights into the inner internal structure of the nuclear medium. In2003

contrast to Contrary to measurements with heavy nuclei, the total final state in incoherent di↵ractive production o↵ light2004

nuclei can be unambiguously identified through tagging of the spectator nucleons. Such measurements are of interest2005

when studying the short-range correlation (SRC) of a nucleon pair, which is the temporal fluctuation of two nucleons2006

into a strongly interacting pair in close proximity and large measured relative momentum [434, 435]. SRC pairs are2007

suggested as a possible explanation for the nuclear modification of the momentum distribution of high-x partons, known2008

as the EMC e↵ect, with a strong correlation between the two phenomena suggested by measurements by the CLAS2009

experiment at Je↵erson Lab [436] and a quark-level QCD basis for SRC has been proposed for the lightest nuclei [437]2010

and A � 4 nuclei [438].2011

The simplest nuclear system consists of deuteron and the first measurement of incoherent di↵ractive production with2012

67

e + Au → e + Au + J/ψ

Reconstruction of scattered 

in the backward region by 

the tracking system and 

the EM calorimeter

e−

K. Tu, DIS 2023 
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Particle identification

1.7 T magnet

1. Support electromagnetic calorimeters in providing  separation: suppress  contamination down to 10-4


2. Provide hadron identification ( ) over a wide rapidity and momentum range
e±/π± π±

π, K, p
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Kinematic coverage and hadron momentum reach
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Momentum coverage of hadrons
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Need to reconstruct and identify hadrons for momenta down to ~0.1 GeV/c (in central region) 

and up to above 10 GeV (in forward region), depending on pseudo-rapidity region.

7

studies for ECCE

studies for semi-inclusive DIS
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Particle identification

detectors based on  
Cherenkov radiation          
for 1 GeV/c<p<50 GeV/c
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Particle identification

detectors based on  
Cherenkov radiation          
for 1 GeV/c<p<50 GeV/c
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Particle identification – Cherenkov: backward
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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

 separation power for 6 GeV particlesπ/K
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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 8.48: Geometries of BTOF with strip sensors and FTOF with pixel sensors.

range in a nearly 4p acceptance, which is crucial to achieving the goals of the EIC physics program.2502

Besides precise timing resolution, AC-LGAD sensors can also provide precise spatial resolution,2503

thus aiding track reconstruction and momentum determination. The timing and spatial resolu-2504

tion requirements and the material budget requirements are evaluated in the ePIC MC simulation2505

framework to find the optimal configuration. The BTOF and FTOF layouts are shown in Fig. 8.48.2506

Table 8.16 summarizes the current specifications of the timing and spatial resolutions, material2507

budgets, spatial coverage, channel counts, and dimensions. Figure 8.49 shows the performance of2508

the TOF detector in the form of 1/b as a function of particle momentum p for ep DIS events from2509

PYTHIA+GEANT4 simulation. The TOF detector, combined with the other ePIC PID detectors, is2510

crucial to demonstrate that ePIC’s PID performance can meet the requirements.2511

Subsystem Area
(m2)

dimension
(mm2)

channel
count

timing
st (ps)

spatial
sx (µm)

material
budget
(X/X0)

Barrel TOF 12 0.5*10 2.4M 35 30 (r · f) 3%
Forward TOF 1.1 0.5*0.5 3.2M 25 30 (x, y) 5%

Table 8.16: Required performance for physics and proposed configurations for the TOF de-
tector system. The Barrel TOF consists of strip sensors with a pitch of 0.5 mm in the az-
imuthal direction and a length of 1 cm along the beam direction, while the Forward TOF
consists of pixel sensors with a pitch of 0.5 mm.

Requirements from Radiation Hardness: The radiation fluence and dose at ePIC are signifi-2512

cantly less than in the LHC experiments. The maximum fluence foreseen for the lifetime of the TOF2513

detectors will be < 5 ⇥ 1012 neq/cm2, as seen in Fig. 8.50 and Tab. 8.17. Here, the highest fluence2514

between raw and 1 MeV neq/cm2 fluence was considered, as the standard NIEL correction is not2515

30 µm space resolution

25-35 ps time resolution
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Figure 8.45: 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, h. The
contours indicate the 3s separation region of the different ePIC PID subsystems for p/K (a),
K/p (b), and e/p (c), respectively.

• Additional low-momentum PID in the forward region is achieved by an AC-LGAD based2455

ToF that also provides an additional layer of tracking points.2456

• A large radius high-performance DIRC (hpDIRC) in the barrel, which adds focusing to the2457

original DIRC design.2458

• The hpDIRC is complemented by an AC-LGAD ToF detector at smaller radius. The AC-2459

LGAD layer provides PID information for low momentum particles that do not reach the2460

hpDIRC or are too slow to leave Cherenkov signal in it.2461
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• Backward EMCAL:                                        
high-precision PbWO4 + Si sensors


• Barrel EMCAL: 

3D imaging with MAPS and sampling Pb/
scintillating fibres with Si sensors


• Forward EMCAL:

finely segmented W powder/scintillating fibres
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Hadronic Cascades

High energy hadrons interact with 
nuclei producing secondary 
particles, mostly  and o

Lateral spread of shower from 
transverse energy of secondaries,
<pT> ~ 350 MeV/c

Hadronic cascades much more complex than e.m. cascades

Shower development determined by the mean free path, λI , between inelastic collisions
The nuclear interaction length is given by   λI = A / (NA.σinel ),

Expect σI A2/3 and thus λI A1/3.  
In practice,  λI ~  35 A1/3  = 16.7 cm in iron
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1.3 CALORIMETER TYPES

• Two different calorimeters by construction:

• Homogeneous Calorimeters

• Sampling Calorimeters

• Two different applications:

• Electromagnetic calorimeters measure the 
energy of electrons, positrons and photons

• Hadronic calorimeters measure the energy of hadrons

7

Homogenous calorimeter (principle) Sampling calorimeter (principle)

electromagnetic shower

hadronic shower

Fig. from R. Schoefbeck

Experimental Particle Physics Lecture

20 Novembre 2020
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steel/scintillator sandwich: detection of 
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1.7 T magnet

• Forward HCAL:                                                
steel/scintillator sandwich longitudinally 
segmented, high granularity: good E resolution

• Barrel HCAL:                                                      
steel/scintillator sandwich: detection of 
neutrals

• Backward HCAL: 

   steel/scintillator sandwich as tail catcher
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Low-Q2 taggers: 

detect the lepton scattered 

under very small angles
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required absolute precision: 1% 

required relative precision: 0.01%

B0 system: trackers+electromagnetic 

calorimeters inside magnetic field

to detect protons and photons 

The electron-proton/ion collider (ePIC) detector
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27

9.5 m

5.3 m

hermetic coverage:
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 ≤ϕ≤360o
  


2o
 ≤θ≤178o

  ⟺ -4<η<4

e newly created 

particles

+ far backward

+ far forward

Data acquisition:

  no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics

• Tracking 
• PID 
• Electromagnetic            

calorimeter 
• Hadronic                        

calorimeter
1.7 T magnet

See talk from S. Kay on 
Tuesday at 3:40 PM

See talk from A. Jentsch 
on Tuesday at 4:05 PM
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Figure 3.6: Top: Example of the expected uncertainties of the Sivers asymmetries in a few selected kinematic
bins as a function of z. Bottom: Up quark Sivers function in bins of x as a function of intrinsic momentum kt. The
orange-shaded areas represent the current uncertainty, while the blue-shaded areas are the uncertainties when
including the ECCE pseudo-data.
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Figure 3.7: Acceptance for DVCS protons as a function of t in the far-forward detectors for different beam energy
configurations. The inserts show the t�distributions of generated events.

different bins in xV = (Q2 + M2
V)/(2 p · q), the x-Bjorken equivalent scale variable for heavy mesons.
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Exclusive production on protonECCE

p p

e

e

*γ

GPDs

ξx+ ξx-

t

ω, φ, ρ

p p

e

e

*γ

GPDs

ξx+ ξx-

t

ω, φ, ρ

Introduction Imaging Higher orders Factorisation Helicity transitions End-point contributions

Another reminder: Helicity selection rules

I selection of helcities in hard-scattering part

I ingredients: conservation of angular mom. and of chirality

• scattering collinear ! ang. mom. Jz = sum of helicities

• chirality conserved by quark-gluon and quark-photon coupling

chirality +1 �1
q helicity +1/2 �1/2
q̄ helicity �1/2 +1/2

light meson production (not J/ or ⌥)

γ∗

z

t

00

(analogous argument for graphs with gluon GPD)

I dominant transition: A(�⇤
L ! mesonL) ⇠ 1/Q

M. Diehl Some thoughts about the theory of meson production 18

γ, ρ
,ω
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Exclusive production on protonECCE

Recoil protons in ep
The impact parameter information in many exclusive processes is encoded in t, via a 
Fourier Transform. Require accurate measurement of t from as close to zero as 
possible and across a wide range in ep and e(light-A) collisions.

t = (p0 � p)2
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 Scattered protons 
detected in Roman Pots 
(for the lowest values of t) 
and in the B0 
spectrometer (for higher 
values).

Generator: EpIC                                      
EPJ C 82, 819 (2022)

t = (p0 � p)2
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Gap position 
depends on proton 

beam-energy

 Light ions bend less and 
the t-distribution drops 
faster: detection entirely in 
the Roman Pots.
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Introduction Imaging Higher orders Factorisation Helicity transitions End-point contributions

Another reminder: Helicity selection rules

I selection of helcities in hard-scattering part

I ingredients: conservation of angular mom. and of chirality

• scattering collinear ! ang. mom. Jz = sum of helicities

• chirality conserved by quark-gluon and quark-photon coupling

chirality +1 �1
q helicity +1/2 �1/2
q̄ helicity �1/2 +1/2

light meson production (not J/ or ⌥)

γ∗

z

t

00

(analogous argument for graphs with gluon GPD)

I dominant transition: A(�⇤
L ! mesonL) ⇠ 1/Q

M. Diehl Some thoughts about the theory of meson production 18
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Summary
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• EIC accelerator and ePIC optimised in order to address the key deliverables of the EIC, using polarised beams.


• Fully instrumented central detector: 

‣  tracking detectors: vertex and momentum reconstruct  

‣electromagnetic calorimeters: reconstruction of electrons and photons, suppression of (pion) background

‣hadronic calorimeters: detection of neutral hadrons, improved reconstruction of hadrons in jets

‣Cherenkov-based and TOF-based PID detectors: electron/pion separation and pion, kaon, proton PID


• Far-backward system: 

‣luminosity monitor 

‣ low-Q2 taggers


• Far-forward system: 

‣reconstruction of scattered beam protons and of charged particles produced close to the beam line 

‣reconstruction of light ions

‣detection of photons and neutrons (emitted by the beam ions in the interaction)


