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1 Introduction

In the first document of the JLEIC Documentation series [1], we outline the
main drivers of the JLEIC interaction region and detector design, and the layout
that has been developed in response to these drivers. Starting from the basic
process at the Electron-Ion Collider (EIC), deep-inelastic scattering (DIS), we
discuss the requirements for an total acceptance detector, a detector that has not
only a large acceptance in the central region but also in the region that is close
to both the electron-beam and ion-beam direction and allows to detect the three
classes of particles that are essential for studying the inner structure of nucleons
and nuclei: the scattered electron of the DIS process, the particles associated
with the initial state ion, and the struck parton (Fig. 1). This document is
structured according to this classification. For each of the three particle classes,
we list key measurements and the related requirements for the Central Detector

Figure 1: Classification of the final state particles of a DIS process at the EIC:
(1) scattered electron, (2) the particles associated with the initial state ion, and
(3) the particles associated with the struck parton.
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and the far-forward electron and hadron detection. The sections of the Central
Detector are illustrated in Fig. 3.

2 Identification of the DIS event

For DIS measurements, it is essential to reconstruct the scattered electron
(neutral current reactions) or neutrino (charged current reactions). The four-
momenta of the electron or neutrino provide all the information necessary to
calculate the kinematic variables of the DIS event. As the neutrino cannot be
detected, its momentum is deduced from the hadronic system by assuming four-
momentum conservation. The event kinematics are obtained from the position
and momentum reconstruction in tracking detectors and the calorimeter energy
deposits [2].

2.1 Neutral current reactions

The kinematics of neutral current DIS events can be reconstructed solely from
the measurement of scattered electrons. This method is known as the electron
method (EM) and very precise in the some kinematic regions. It is experimen-
tally simply and based on precision measurements of the energy Ee0 and angle
✓e0 of the scattered electron [2]:

Q2
EM = 2EeEe0 (1 + cos ✓e0) , (1)

yEM = 1� Ee0

2Ee
(1� cos ✓e0) , (2)

x =
Q2

4EeEion

1

y
(3)

Here, Ee and Eion denote the energy of the electron beam (e) and ion beam (ion).
The distribution for Ee0 in bins of Q2 is shown in Fig. 2. The electron method is
very sensitive to the measurement of the electron energy and introduces a linear
dependence on the electron energy on Q2 (Eq. 1). The y and x measurements

Figure 2: Distribution of the scattered electron energy Ee0 as a function of
pseudo-rapidity ⌘ for regions in Q2 as labeled in the four panels.
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Figure 3: In the left panel, the five sections of the Central Detector are illus-
trated. In the right panel, the x-Q2 regions are shown for scattered electrons
detected in the the far-forward electron, electron endcap, and barrel sections
along with lines of constant energy Ee0 of the scattered electron.

cannot extend far beyond y . 0.1 as the resolution degrades for small values of
y (Eqs. 2 and 3).

As shown in Fig. 3, for low-Q2 events the angle of the scattered electron is
small and energy is not expected to be large. Therefore, high resolution measure-
ments of the energy are required in this kinematic region. The scattered electron
will be in forward-electron direction. Thus, an electromagnetic calorimeter with
high granularity and high performance, e.g., using lead tungstate (PbWO4), will
be needed in the electron endcap. For very low-Q2 events, the scattered elec-
trons detection needs to be extended beyond the central detector and integrated
into far-forward electron detection. For high-Q2 events, the scattered electrons
are expected to have much higher energy, and end up in the barrel or even in
the hadron endcap. Therefore, the electromagnetic calorimeter in these detector
regions could be less precise to optimize cost. It is very important to provide
a full acceptance electromagnetic calorimeter to ensure that there is no energy
leakage and a coverage for all scattering angles.

Reconstruction methods other than the electron method require energy mea-
surements of the hadronic final state. The double-angle (DA) and electron-⌃
methods (e⌃) combine information from the leptonic and hadronic parts of the
DIS event and can be used for calibrations of the electron method. This double-
angle method typically allows for higher precision than all other methods [2]:

Q2
DA =

4E2
e sin �h (1 + cos ✓e0)

sin �h + sin ✓e0 � sin (✓e0 + �h)
, (4)

yDA =
sin ✓e0 (1� cos �h)

sin �h + sin ✓e0 � sin (✓e0 + �h)
, (5)
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where

cos �h =
P 2
T,h � (

P
h (Eh � pz,h))

2

P 2
T,h + (

P
h (Eh � pz,h))2

(6)

corresponds to the scattering angle of the struck parton. The e⌃ method does
not depend on the energy of the incoming electron beam and is less influenced
by initial state radiation:

y e⌃ =
⌃h (Eh � pz,h)

E � Pz
, (7)

Q2
e⌃ =

(Ee0 sin ✓e0)
2

1� y
. (8)

This leads to a good resolution over the full kinematic plane.

2.2 Charged current reactions

For charged current reactions with a neutrino instead of an electron in the fi-
nal state or photo-production events of very low Q2 where the electron cannot
be detected in the Central Detector, the Jacquet-Blondel (JB) method can be
applied. The method is based on momentum conservation and allows to recon-
struct the event kinematics from only the hadronic energy flow in the event [2]:

yJB =
1

2Ee

X
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As shown in Eq. 10 and Fig. 4, the minimum cut on the missing pT for a
charged current event results in a minimum cut on Q2. Electromagnetic and
hadronic calorimeters covering the full detector acceptance are required to en-
sure that the energy deposit of all particles produced in the the electron-ion
collision can be detected. Any imbalance in the transverse energy deposition
indicates that an invisible particle, e.g., a neutrino, has been produced and has
carried out the missing energy. Due to the significantly lower energy resolu-
tion in hadronic calorimeters than in electromagnetic calorimeters, the Jacquet-
Blondel method results in a poor measurement of the event kinematics compared
to the methods for the neutral current reconstruction. However, it is the only
method to reconstruct the kinematics of charged current events.
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Figure 4: x-Q2 regions are shown along with lines of constant transverse mo-
mentum pT and Eh � pz,h of the hadrons.

3 Detection of particles associated with the struck
parton

3.1 Detection of hadrons

Semi-inclusive DIS measurements allow for a flavor decomposition of PDFs
and a study of transverse-momentum dependent PDFs (TMDs). For both the
PDF and TMD analysis, it is important to measure as many hadron species as
possible to disentangle quark flavors. This requires an excellent identification of
stable particles, p, ⇡±, and K±, as well as a reconstruction of decaying particles.
Hadrons can be identified over a wide momentum range using the combined
information from Cherenkov, time-of-flight, and tracking (dE/dx) detectors.
Hadron identification reduces the combinatorial background and improves the
overall reconstruction e�ciency.

For access to gluon distributions, it is essential to study heavy quark produc-
tion in DIS. Heavy flavor events are identified from charmed or beauty mesons
and hyperons. Charm events, e.g., include D mesons that are produced in
charm-quark fragmentation and subsequently decay into pions and kaons. At
the EIC, single-particle identification could help to reduce combinatorial back-
ground and include other decay channels in the analysis of D mesons. This
would significantly expand the physics reach, especially at large x. Charmed
mesons have a lifetime of the order of 10�12 s — 10�13 s and an exponential
dependence on their lifetime distribution. This results in a decay length at the
order of 100µm — 300µm with a similar dependence. Therefore, it is essential
for the EIC to provide a high resolution (< 25µm ) vertex detector in addition
to a hadron identification system. For the TMD analysis a hermetic coverage
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of the azimuthal distribution of the produced hadrons is required.

3.2 Detection of jets

Jet production in DIS provides a testing ground for QCD as well as the elec-
troweak sector of the Standard Model. Jets are narrow cones of particles, mostly
hadrons, produced in the hadronization of quarks or gluons. They are recon-
structed from energy deposits in clusters of calorimeter cells. Both electro-
magnetic and hadronic calorimeters are important for the identification of jets
and the measurement of jet energies. As jets consist of several particles, the
jet-energy measurement depends on clever jet-finding algorithms to determine
which particles belong to the jet and which do not. Such algorithms depend
not only on measurements of particle energies but also on the distances between
individual particles and therefore benefit from a high-granularity calorimeter to
study the substructure of the jet.

3.3 Detection of photons

The deeply virtual Compton scattering process (DVCS), �⇤p ! �p, provides
the cleanest access to generalized parton distributions (GPDs). Without any
excitation or dissociation of the nucleon, it is the simplest hard exclusive pro-
cess. GPD studies via DVCS are based on measurements of the azimuthal
distribution of a real photon with respect to the virtual-photon direction. They
require a precise measurement of the energy and position of the DVCS photon
and thus an electromagnetic calorimeter with a hermetic coverage.

3.4 Detection of secondary leptons

Charm and beauty mesons have significant branching ratios for decays into elec-
trons, e.g., the branching ratio of D-mesons is Br (D+ ! eX) ⇠ 16% and the
branching ratio of B-mesons is Br (B± ! eX) ⇠ 10%. Electron identification
in combination with vertex displacement could enhance the reconstruction e�-
ciency of c- and b-mesons and could expand the physics reach of the EIC.

Electron identification is important for the measurement of exclusive J/ 
electroproduction which allows the investigation of the transverse spatial distri-
bution of gluons and plays an important role for spectroscopy, in particular for
exotic final states. The electrons emerging from J/ decays are forward boosted.
That makes the electron detection much more di�cult due to the presence of
4-5 orders of magnitude higher photoproduction hadronic background. The J/ 
particle has a significant branching ratio for decays into leptons. The branching
ratio to electrons (e+e� pair) is similar to that for muons (µ+µ�) and is on the
order of 6%. A significant combinatorial background suppression is needed by
requiring an additional e-rejection factor. A muon detector at the EIC would
help to improve overall J/ reconstruction e�ciency.

The high luminosity expected at the EIC would allow high-precision tests
of the Standard Model. In the Standard Model the production of a lepton pair
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is dominated by the two photon process, l+l�. The production of multi-leptons
at the EIC plays an important role for the quantitative check of agreement
between experiment and theory and may also be sensitive to new physics. The
study of eA collisions with high luminosity and high polarization at the EIC
o↵ers a unique possibility for searches beyond the Standard Model,i.e. beyond
the ongoing studies in ee, pp, and AA collisions. Single resonance production
of leptoquarks, leptogluons, SUSY or exited fermions decaying into standard
fermions could be accessed at the EIC with the help of lepton identification.
A study of charged lepton flavor violation (e ! µ or e ! ⌧) would require a
high e�ciency for e, µ, and ⌧ identification, the latter one depending on missing
energy measurements (e.g., ⌧ ! e⌫̄µ⌫⌧ or ⌧ ! µ⌫̄e⌫⌧ ) and detection capability
for narrow jets (e.g., ⌧ ! ⇡�⇡+⇡�⌫⌧ ).

4 Detection of particles associated with the ini-
tial state ion

4.1 Remnant jet

We would like to understand not only the dynamics of a struck-parton jet,but
also what will happen with the rest of the ion if we remove this quark. What is a
correlation between the current jet and the remnant jet(s) in terms of color-flow
and fragmentation? A precise measurement of hadronic energy flow, as well as
high e�ciency for detection of final state ions are essential for understanding a
di↵ractive mechanism.

4.2 Recoil particles

For the study of exclusive processes, information about the recoil baryon is
required. For increasing the physics reach of exclusive measurements, in partic-
ular in the low-t region, the detection of recoil baryons or their decay products
over the full acceptance is essential. This requires extension of the recoil detec-
tion beyond the Central Detector into the far-forward ion direction, to enable
detection of remnants with small angles with respect to the ion beam.

Scattering on polarized high-energy deuteron beams would benefit from a
detection of spectator protons or neutrons (tagging) in the nuclear fragmentation
region, e.g, spectator protons would identify the active neutron and inform on
its quantum state during the scattering process. It is important to have good
acceptance coverage in order to provide exclusivity of the reaction and to allow
the study of the neutron structure. A zero-degree hadronic calorimeter in the
far-forward area would allow tagging of neutrons. Multiple Roman pot stations
would help with a far-forward proton detection. For measurements of meson
structure functions, key requirements include not only good acceptance coverage
for detection of a recoil particle (p0, n0), but also for decay products of short-lived
recoil particles (⇤,⌃, etc.).
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5 Luminosity and polarization measurements

Precise measurements at EIC require precise ( 1%) luminosity measurements.
Luminosity could be measured using the Bethe-Heitler Brehmsstrahlung pro-
cess. Such photons are radiated with a very small angle and would require
a dedicated high precision luminosity spectrometer in the far-forward-electron
direction area.

Accurate ( 1%) polarization measurements are expected at EIC for both
electron and ion beams. For the electron polarization, a low-Q2 chicane could be
a good configuration for Compton polarimetry, allowing to separate the Comp-
ton electron from the Compton photon.

6 Conclusions

We will summarize the document and provide an outlook to the upcoming doc-
umentation
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