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Far-Forward/Backward Detectors

� ECCE ZDC has dimensions of 60cm x 60cm x 162cm for 
the needed acceptance (YR) and consists of PbWO4
crystal, W/Si layer, Pb/Si, and Pb/Scintillator layers

� ECCE ZDC provides detection for photons and neutrons 
(0<ɽф5.5 mrad) with the required performance

Zero Degree Calorimeter 

� This area is designed to measure scattered electrons 
at small, far-backward angles   

� Low Q2-tagger:
o Double-layer AC-LGAD tracker, of 40.5cmx40.5 cm at 

24m and 30cm x 21cm at 37m from IP
o PbWO4 EMCAL (20cm x 2cm2 crystals)

� Luminosity Monitor: 
� AC-LGAD and PbWO4 to provide accuracy of the order 

of 1% or relative luminosity determination exceeding 
10-4 precision.

Far-backward ( electron-going)  region

PWO (8X0)+ 
Tracking

W/Si (22X0)+ 
Tracking

Pb/Si
(2Oi )

Pb/Scintillator 
(5Oi )

1HXWURQ�(QHUJ\�5HVROXWLRQ������¥(������
3KRWRQ�(QHUJ\�5HVROXWLRQ�������¥(���

Neutron detection fraction: 
100% (59% at 5 on 41 GeV) 
Neutron t-resolution: 0.005-
0.007 GeV2 (0.019 GeV2)

Luminosity monitor

low Q2 tagger

+ far backward
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Luminosity monitor
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+ far backward

to the steel or tungsten absorber plates. Afterwards the modules will be self-supporting within the outer
support frame. The steel in the LFHCAL serves as flux return for the BaBar magnet, thus a significant force
is exerted on the calorimeter, which needs to be compensated for by the frame and internal support structure.
The achieved energy resolution accoding to the simulations for both calorimeters can be found in Fig. 2.19.
The required resolutions can be met in both cases and further improvements can be expected using machine
learning for the clusterization which proves challenging in this direction. The excellent position resolution
in the FEMC should in addition allow the effective separation of electrons and pions as well neutral pion
decays, as seen in Fig. 2.20. The projected performance meets the physics requirements by the eA diffractive
J/y production and the u-Channel DVCS, as well as meson (pion/kaon) structure function measurements
through the Sullivan process.

2.6 Far-Forward/Far-Backward Detectors

A schematic of the far-forward detectors is shown in Figure 2.23 and include the B0 spectrometer, off-
momentum trackers, Roman Pots and ZDC (see Table 2.6 for position and dimensions). The far-backward
region consists of two detector systems (low-Q2 tagger and luminosity monitor). All far-forward/far-
backward detectors are required for the EIC physics as described in the Yellow Report. The following
describes their setup and performance. For further details, see Ref. [30].

Figure 2.23: The layout of the EIC Far-Forward region.

2.6.1 B0 Detector
The B0 spectrometer is located inside B0pf dipole magnet. Its main use is to measure forward going
hadrons and photons for exclusive reactions. The B0 acceptance is defined by the B0pf magnet. Its design is
challenging due to the two beam pipes (electron and hadron) that it needs to accommodate and the fact that
they are not parallel to each other due to the 0.025 mrad IP6 crossing angle. Moreover, the service access to
the detectors inside of the dipole is only possible from the IP side, where the distance between the beam
pipes is narrowest. Following these limitations the B0 detector require using compact and efficient detection
technologies.

Our design uses four AC-LGAD tracker layers with 30 cm spacing between each layer. They will provide
charged particle detection for 6 < q < 22.5 mrad. The use of AC-LGAD sensors will allow good position

26

+ far forward
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+ far forward

Data acquisition:

- no trigger

  all collision data is digitised 

  with strong zero-suppression at front-end electronics
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Tracking 
• 1.7 T magnet

• Monolithic Active Pixel Sensor 

(MAPS) Silicon vertexing/inner 
tracker


• μRWell/microMegas

• AC-LGAD/TOF

ECCE – EIC Comprehensive Chromodynamics ExperimentECCE Central Detector - Locations
Top level layers R-in [cm] R-out [cm] R-Thickness   
Magnet 140 170 30
EMCal support (instrumented) 134 140 6
EMCal Readout (near eta=0) 125.5 134 8.5
EMCal Glass 80 125.5 45.5
EMCal Inner support 79.5 80 0.5
muRwell (plane type) 77 79.5 2.5
Outer Frame 74.5 77 2.5
DIRC (10bar * 12 sector) 71.5 76.6 5.1
Inner Frame 65 71.5 6.5
AC LGAD ToF tracker 63 65 2
(Not used, low mass BdL) 51 60 9
Inner tracker 3 51 48

Top level layers z_min [cm] z_max [cm] max radius [cm] dZ [cm]  
Backward field return -410 -300 267 110
Backward EMCal -235 -175 64 60
Backward TOF/Tracker -171 -161 64 10
mRICH -161 -135 64 26
Backward MPGD -130 -120 64 10
Backward Silicon tracker -120 -30 90
Vertex tracker -30 30 60
Forward Silicon tracker 30 150 120
Forward AC LGAD Tof/Tracker 156 180 80 25
dRICH 180 280 195 100
Forward MPGD 281 291 180 10
Forward Calorimeters 328 500 267 172

 

Tracking Particle ID

EM Calorimeters HCALs

Space vacated by 
MPGDs may be used for 
PID detectors or ECAL -
future optimizations

4
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Tracking

9/23/2022 2022 Hot/Cold QCD Town Hall 9

First “PITS3” assembly at CERN

Si Tracker based on ALICE ITS3 
65nm MAPS sensors. 

Five layers in barrel, 
supplemented by MPGDs for 
pattern recognition. 

Five discs in forward/backward 
directions (+MPGD in forward)

Meets EICUG Yellow Report design 
requirements. 

Tracking resolution
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EM CAL 
• Electron-endcap EM cal (EEMC): 

high-precision PbWO4+SiPMs

• Barrel EM cal (BEMC): 


Imaging EM cal

• Forward EM cal (FEMC): 


Finely segmented W-SciFi
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• Inner+outer HCAL:               
steel+Sci: control shower leakage 
(inner) and detection of neutrals


• FHCAL: finally segmented 
steel+tungsten+Sci for good          
energy resolution  


• Backward HCal: steel+Sci 
sandwich: tail catcher

HCAL
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PID 
• Cherenkov detectors:           

pfRICH , hpDIRC, dRICH

   ~ 1 GeV/c<p<50 GeV/c


• AC-LGAD/TOF: 

   ~ p < 0.5 – 3 GeV/c
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ECCE – EIC Comprehensive Chromodynamics ExperimentECCE Central Detector - Locations

Top level layers R-in [cm] R-out [cm] R-Thickness   
Magnet 140 170 30
EMCal support (instrumented) 134 140 6
EMCal Readout (near eta=0) 125.5 134 8.5
EMCal Glass 80 125.5 45.5
EMCal Inner support 79.5 80 0.5
muRwell (plane type) 77 79.5 2.5
Outer Frame 74.5 77 2.5
DIRC (10bar * 12 sector) 71.5 76.6 5.1
Inner Frame 65 71.5 6.5
AC LGAD ToF tracker 63 65 2
(Not used, low mass BdL) 51 60 9
Inner tracker 3 51 48

Top level layers z_min [cm] z_max [cm] max radius [cm] dZ [cm]  
Backward field return -410 -300 267 110
Backward EMCal -235 -175 64 60
Backward TOF/Tracker -171 -161 64 10
mRICH -161 -135 64 26
Backward MPGD -130 -120 64 10
Backward Silicon tracker -120 -30 90
Vertex tracker -30 30 60
Forward Silicon tracker 30 150 120
Forward AC LGAD Tof/Tracker 156 180 80 25
dRICH 180 280 195 100
Forward MPGD 281 291 180 10
Forward Calorimeters 328 500 267 172
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PID 
• Cherenkov detectors:           

pfRICH , hpDIRC, dRICH

   ~ 1 GeV/c<p<50 GeV/c


• AC-LGAD/TOF: 

   ~ p < 0.5 – 3 GeV/c

PID

}

significant integration issues
work in progress

pfRICH



Input Data (ep) - Detailed simulation work to 
optimise resolutions throughout 
phase-space 
à 5 bins per decade in x and Q2

- Kinematic coverage: Q2 > 1 GeV2, 
0.01 < y < 0.95, W > 3 GeV

- Lower y accessible in principle,
but easier to rely on overlaps 
between data at different "

- Highest x bin centre at x=0.815

- CC data also included for 
highest "

[Poster by S Maple]
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Figure 3.2: (Top) in-bin fraction for DIS kinematic
Reconstruction. The reconstruction at high (low) y
is done using the scattered electron tracking (double
angle method). (Bottom) Estimated electron purity
for inclusive DIS events (Q2 > 2 GeV2, W2 > 10
GeV2, and 0.01 < y < 0.95) as a function of lep-
ton momentum and different h bins. Results ob-
tained using DJANGOH generator for DIS events
and Pythia6 for photoproduction reactions and the
rejection used the ECCE PID and electromagnetic
calorimetry systems. Except for at very low mo-
menta the pion contamination is below 1% which,
after corrections, lead to a negligible systematic un-
certainty to our measurements.
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Figure 3.3: Kinematic coverage and expected pre-
cision for inclusive A1 asymmetries from ECCE
based on ep collisions at two example beam ener-
gies.

Here we present ECCE simulation studies of key measurements required to understand the origin of nucleon
spin.
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→ access to gluon spin
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Here we present ECCE simulation studies of key measurements required to understand the origin of nucleon
spin.
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Impact of the EIC on polarized PDFs: JAM21 – no positivity
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Figure 3.2: (Top) in-bin fraction for DIS kinematic
Reconstruction. The reconstruction at high (low) y
is done using the scattered electron tracking (double
angle method). (Bottom) Estimated electron purity
for inclusive DIS events (Q2 > 2 GeV2, W2 > 10
GeV2, and 0.01 < y < 0.95) as a function of lep-
ton momentum and different h bins. Results ob-
tained using DJANGOH generator for DIS events
and Pythia6 for photoproduction reactions and the
rejection used the ECCE PID and electromagnetic
calorimetry systems. Except for at very low mo-
menta the pion contamination is below 1% which,
after corrections, lead to a negligible systematic un-
certainty to our measurements.
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Figure 3.3: Kinematic coverage and expected pre-
cision for inclusive A1 asymmetries from ECCE
based on ep collisions at two example beam ener-
gies.

Here we present ECCE simulation studies of key measurements required to understand the origin of nucleon
spin.
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Inclusive measurements

→ access to gluon spin

More direct access to the gluons
! Photoproduction of open charm and dijets

" g + g -> ccbar (or qqbar-> dijets)
# Jets are tricky at low energy (i. e. low x)

! Q2 = Q2
photon + Q2

pair = Q2
photon + (Mfinalstate/2)2

! Polarized and unpolarized measurements in ep
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Spin-independent TMD PDF
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3D spin-dependent momentum structure of the nucleon

Sivers asymmetry
kT kT

Semi-inclusive measurements, with hadron reconstruction and pid down to low pT (~100 MeV for 𝜋)

Decrease of asymmetry with increasing Q2 → need high precision (<1%) to measure asymmetry at high Q2                                        

• Low x and Q2: asymmetry well below 1%       need high precision 

• TMD evolution

→

Figure 1: Example of the expected evolution e↵ects from [13] for the Sivers asymmetry at an intermediate x, z and PT value, as a function of Q for three collision
energy combinations. The error bands represent the current level of uncertainties and the data points represent the projected ECCE uncertainties (statistical and
systematic uncertainties combined) to be discussed further below put to the central values of the current parameterization.

Sivers asymmetries of about 2 % would decrease to the sub-44

percent level at higher scales. As such, it is important for any45

EIC experiment to be able to reconstruct such asymmetries with46

both statistical and systematic precision below the 1 % level47

over a large kinematic range in a fine enough binning. The de-48

tails of the expected precision of the ECCE measurements will49

be discussed below, but one can already see the complementar-50

ity between di↵erent collision energies in covering a large lever51

arm with su�cient precision.52

The Collins e↵ect [2] relates the chiral-odd quark transver-53

sity distribution [17], that is the basis for the tensor charge,54

with a polarized fragmentation function, the Collins fragmenta-55

tion function. It correlates the transverse spin of a fragmenting56

parton with the azimuthal yield of final-state hadrons around57

the axis of this parton. Unlike the Sivers function, that can be58

accessed with an unpolarized fragmentation function, the fact59

that the fragmentation function is also polarized and chiral-odd60

makes the transversity extraction more di�cult. Nevertheless,61

access to only the Collins FFs has been obtained from e+e�62

annihilation measurements, initially by Belle [9, 10] and later63

by BABAR [11] and BESIII[12]. Using this information to-64

gether with the SIDIS data from HERMES, COMPASS and65

JLAB, various transversity extractions have been performed,66

although they predominantly rely on only valence flavors so67

far. Recently, also single-hadron single spin asymmetries from68

hadronic collisions were included in a global QCD analyssi69

of all avialable data on transverse spin asymmetries, includ-70

ing apart from SIDIS, Drell-Yan and e+e� data also AN data71

from proton-proton scattering [18]. The interest of the tensor72

charges stems from the fact that various interactions beyond the73

standard model may be also a tensor type of interaction [19].74

As at the same time Lattice QCD calculations argue to be al-75

ready fairly reliable on the calculation of the tensor charge, any76

discrepancies between measurement and Lattice results may in-77

dicate BSM e↵ects. Although the tensor charges are expected78

to be more of a valence quark e↵ect (due the the charges being79

defined as the di↵erence of quark and antiquark transversities),80

fixed target measurements will not be able to perform the inte-81

gral over large enough of an x range to satisfactorily extract the82

charges, but the EIC can [20]. Also here the scale dependence83

is of interest as well as accessing the sea quark transversity dis-84

tributions.85

2. Data selection86

The simulated data were obtained using the pythiaeRHIC im-87

plementation of pythia6 [21] with the same settings and events88

that were also used in the SIDIS studies of the EIC Yellow re-89

port [22]. It should be noted that for these studies no dedicated90

radiative e↵ects were generated other than what is already in-91

cluded in pythia. These e↵ects are likely very relevant, espe-92

cially at large y but are common to all EIC detector proposals93

and were therefore not studied here. The generated data, in94

its eic-smear format, was then run through a geant4 simulation95

of ECCE that contains all the relevant tracking detectors and96

calorimeters, as well as some of the support material, magnet97

yoke, the PID detectors, etc., c.f. [23]. The PID information98

in these simulations came from a parametrization based on the99

rapidity and momentum dependent PID resolutions that can be100

expected for the various PID subsystems.101

The data was obtained at the energy combinations that are102

summarized in Table 1 where the simulations were separated103

into low Q2 data and higher Q2 data in order to still obtain rea-104

sonable statistics at the lower cross sections at higher Q2. Un-105

like in the Yellow Report, no dedicated e+3He simulations were106

run and instead for the impact studies the Yellow Report un-107

certainties were rescaled based on the ECCE e+p simulations.108

As can be seen from these luminosities, especially at low Q2
109

the accumulated data is still far below the level of statistics to110

be expected from the EIC. Nevertheless the statistics are large111

enough to evaluate the statistical uncertainties that can be ex-112

pected. At the higher Q2 > 100 GeV2 range, the luminosities113

are generally larger which in turn compensates for the lower114

cross sections and event rates expected there.115

3. General (SI)DIS kinematics, requirements116

As with all deeply inelastic scattering events the typical re-117

quirements on DIS kinematics are considered. The most im-118

portant one is on the scale of the process by having a lower119

limit on the squared momentum transfer from the lepton to the120

nucleon, Q2 > 1 GeV2. Additionally, also the invariant mass121

of the hadronic final state is supposed to be above the main nu-122

cleon resonances which is ensured with W2 > 10 GeV2. Further123

requirements are made on the inelasticity to be 0.01 < y < 0.95124

4

ECCE

Parametrisation: M. Bury et al., JHEP, 05:151, 2021



Uncertainties Sivers asymmetry
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- systematic uncertainty= 

   |generated - reconstructed|

- additionally: 3% scale uncertainty

- Beam polarisations set to 70%.

ECCE

Figure 10: Projected ⇡+ Sivers asymmetry statistical and systematic uncertainties as a function of either z (top panel) in bins of PT or as a function of PT in bins of
z (bottom panel) for three select x and Q2 bins. The asymmetries are shown at arbitrary values for better visibility. The statistical uncertainties are extrapolated to
an accumulated luminosity of 10 fb�1 for the 18 GeV x 275 GeV energy option. For better visibility either 4 bins in PT and 2 bins in z were combined or vice versa.
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• Low x and Q2: small statistical uncertainty. High precision is needed since asymmetry at low x and Q2 well below 1%.

• For not too large z and PT, statistical uncertainty well below 1%.

• Systematic uncertainties increase with z and PT: likely because of higher smearing effects.

systematic uncertainty= 

|generated - reconstructed|


Additionally: 3% scale uncertainty

Beam polarisations assumed 

to be 70%.

ECCE

Figure 16: Projected ⇡+ Sivers asymmetry statistical uncertainties as a function of z and PT in bins of x and Q2. The statistical uncertainties are extrapolated to an
accumulated luminosity of 10 fb�1 for the 5 GeV x 41 GeV energy option.

Figure 17: Example figure of the Q2 dependence of Sivers asymmetries for ⇡+ for three x bins after integrating over transverse and fractional momenta.

Figure 18: Example figure of the Q2 dependence of Collins asymmetries for ⇡+ for three x bins after integrating over transverse and fractional momenta.
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• Low x and Q2: small statistical uncertainty.

• For not too large PT (and z) 


statistical uncertainty well below 1%.

• Systematic uncertainties increase with PT (and z)


likely because of higher smearing effects.

• Intermediate and high x:

good coverage in Q2,

complementarity at different COM energies.

ECCE



Figure 20: Expected impact on up (left) and down (right) quark Sivers distributions as a function of the transverse momentum kT for di↵erent values of x, obtained
from SIDIS pion and kaon EIC pseudo-data, at the scale of 2 GeV. 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 1: The two leading diagrams for dijet production in deep inelastic scattering at EIC
energies: QCD Compton scattering (left) and boson-gluon fusion (right).
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splitting recombination

Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
BFKL evolution at high energy to prevent
it from becoming unphysically large. The
modification is illustrated on the far right of
Fig. 3.5. At very high energies (leading to
high gluon densities), partons may start to

recombine with each other on top of the split-
ting. The recombination of two partons into
one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
end up with the following non-linear evolu-
tion equation:

@N(x, rT )

@ ln(1/x)
= ↵sKBFKL ⌦ N(x, rT )� ↵s [N(x, rT )]

2
. (3.3)

This is the Balitsky-Kovchegov (BK) evolu-
tion equation [147, 148, 149], which is valid
for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
e↵ect of gluon mergers becomes important
when the quadratic term in Eq. (3.3) be-
comes comparable to the linear term on the
right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2

s ⇠ (1/x)�

with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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Figure 1: The two leading diagrams for dijet production in deep inelastic scattering at EIC
energies: QCD Compton scattering (left) and boson-gluon fusion (right).
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right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2

s ⇠ (1/x)�

with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
BFKL evolution at high energy to prevent
it from becoming unphysically large. The
modification is illustrated on the far right of
Fig. 3.5. At very high energies (leading to
high gluon densities), partons may start to

recombine with each other on top of the split-
ting. The recombination of two partons into
one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
end up with the following non-linear evolu-
tion equation:

@N(x, rT )

@ ln(1/x)
= ↵sKBFKL ⌦ N(x, rT )� ↵s [N(x, rT )]

2
. (3.3)

This is the Balitsky-Kovchegov (BK) evolu-
tion equation [147, 148, 149], which is valid
for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
e↵ect of gluon mergers becomes important
when the quadratic term in Eq. (3.3) be-
comes comparable to the linear term on the
right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2

s ⇠ (1/x)�

with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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to the steel or tungsten absorber plates. Afterwards the modules will be self-supporting within the outer
support frame. The steel in the LFHCAL serves as flux return for the BaBar magnet, thus a significant force
is exerted on the calorimeter, which needs to be compensated for by the frame and internal support structure.
The achieved energy resolution accoding to the simulations for both calorimeters can be found in Fig. 2.19.
The required resolutions can be met in both cases and further improvements can be expected using machine
learning for the clusterization which proves challenging in this direction. The excellent position resolution
in the FEMC should in addition allow the effective separation of electrons and pions as well neutral pion
decays, as seen in Fig. 2.20. The projected performance meets the physics requirements by the eA diffractive
J/y production and the u-Channel DVCS, as well as meson (pion/kaon) structure function measurements
through the Sullivan process.

2.6 Far-Forward/Far-Backward Detectors

A schematic of the far-forward detectors is shown in Figure 2.23 and include the B0 spectrometer, off-
momentum trackers, Roman Pots and ZDC (see Table 2.6 for position and dimensions). The far-backward
region consists of two detector systems (low-Q2 tagger and luminosity monitor). All far-forward/far-
backward detectors are required for the EIC physics as described in the Yellow Report. The following
describes their setup and performance. For further details, see Ref. [30].

Figure 2.23: The layout of the EIC Far-Forward region.

2.6.1 B0 Detector
The B0 spectrometer is located inside B0pf dipole magnet. Its main use is to measure forward going
hadrons and photons for exclusive reactions. The B0 acceptance is defined by the B0pf magnet. Its design is
challenging due to the two beam pipes (electron and hadron) that it needs to accommodate and the fact that
they are not parallel to each other due to the 0.025 mrad IP6 crossing angle. Moreover, the service access to
the detectors inside of the dipole is only possible from the IP side, where the distance between the beam
pipes is narrowest. Following these limitations the B0 detector require using compact and efficient detection
technologies.

Our design uses four AC-LGAD tracker layers with 30 cm spacing between each layer. They will provide
charged particle detection for 6 < q < 22.5 mrad. The use of AC-LGAD sensors will allow good position

26

Detection of the recoil protons

Exclusive measurements on p

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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Figure 3.8: Left: Projected DVCS cross-section measurements as a function of the momentum transfer t for
different bins in Q2 and x. The assumed integrated luminosity is 10 fb�1 for each beam energy configuration.
Right: DVCS photon acceptance in the backwards (green), barrel (blue) and forward (grey) ECALs, as a function
of its pseudorapidity. The red dotted line shows the distribution of (generated) DVCS photons.
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Figure 3.9: J/y exclusive electropro-
duction cross section as a function of
the momentum transfer t for different
bins in xV . Integrated luminosity as-
sumed is 10 fb�1.

Figure 3.10: Simulated statistical and systematic accuracy for
neutral current DIS off nuclei with Q2 > 2 GeV2.

3.3 Gluon structure of nuclei

Models of the partonic structure of heavy nuclei predict that due to the increased density of gluons at
low-x (as compared to their density in the proton), at a high-enough interaction energy the gluons will
start to recombine and lead to the phenomenon of parton saturation [57]. Such novel non-linear QCD
dynamics fundamentally modify the standard collinear approach to QCD and the related DGLAP evolution
equations [58–67]. In doing so it also predicts the existence of a new dynamically generated saturation scale
Qs(x, A) in QCD that divides the dilute and dense regions of nuclei [68–70].

ECCE will provide first measurements of heavy nuclei in kinematics that is relevant for parton saturation
studies. Below we describe selected processes which will provide valuable insight into the fundamental role
of gluons in the structure of nuclei. The processes presented all measure heavy nuclei and include inclusive
DIS, diffractive meson production, di-hadron correlations measurements and heavy flavor production.

45

16

<latexit sha1_base64="ihf3mF2nOdEEUvvZ/QpDVYXiRCU=">AAACBXicbVC7SgNBFJ2Nrxhfq5ZaDAbBxrArijZC0MbCIoJ5QHYNs5PZZMjsg5m7Yli2sfFXbCwUsfUf7PwbJ8kWmnjgwuGce7n3Hi8WXIFlfRuFufmFxaXicmlldW19w9zcaqgokZTVaSQi2fKIYoKHrA4cBGvFkpHAE6zpDS5HfvOeScWj8BaGMXMD0gu5zykBLXXM3dShRKTXWXZuW9gB9gAp9r3sLj20s45ZtirWGHiW2Dkpoxy1jvnldCOaBCwEKohSbduKwU2JBE4Fy0pOolhM6ID0WFvTkARMuen4iwzva6WL/UjqCgGP1d8TKQmUGgae7gwI9NW0NxL/89oJ+GduysM4ARbSySI/ERgiPIoEd7lkFMRQE0Il17di2ieSUNDBlXQI9vTLs6RxVLFPKtbNcbl6kcdRRDtoDx0gG52iKrpCNVRHFD2iZ/SK3own48V4Nz4mrQUjn9lGf2B8/gChB5gC</latexit>

L = 10 fb�1

Deeply virtual Compton scattering

→ sensitive to quarks (and gluons)

xPz

b? Pz

5− 4− 3− 2− 1− 0 1 2 3 4 5

γ
η

0

0.2

0.4

0.6

0.8

1

1.2

Ac
ce

pt
an

ce

 18x275 GeV

Figure 3.8: Left: Projected DVCS cross-section measurements as a function of the momentum transfer t for
different bins in Q2 and x. The assumed integrated luminosity is 10 fb�1 for each beam energy configuration.
Right: DVCS photon acceptance in the backwards (green), barrel (blue) and forward (grey) ECALs, as a function
of its pseudorapidity. The red dotted line shows the distribution of (generated) DVCS photons.
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3.3 Gluon structure of nuclei

Models of the partonic structure of heavy nuclei predict that due to the increased density of gluons at
low-x (as compared to their density in the proton), at a high-enough interaction energy the gluons will
start to recombine and lead to the phenomenon of parton saturation [57]. Such novel non-linear QCD
dynamics fundamentally modify the standard collinear approach to QCD and the related DGLAP evolution
equations [58–67]. In doing so it also predicts the existence of a new dynamically generated saturation scale
Qs(x, A) in QCD that divides the dilute and dense regions of nuclei [68–70].

ECCE will provide first measurements of heavy nuclei in kinematics that is relevant for parton saturation
studies. Below we describe selected processes which will provide valuable insight into the fundamental role
of gluons in the structure of nuclei. The processes presented all measure heavy nuclei and include inclusive
DIS, diffractive meson production, di-hadron correlations measurements and heavy flavor production.
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Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
BFKL evolution at high energy to prevent
it from becoming unphysically large. The
modification is illustrated on the far right of
Fig. 3.5. At very high energies (leading to
high gluon densities), partons may start to

recombine with each other on top of the split-
ting. The recombination of two partons into
one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
end up with the following non-linear evolu-
tion equation:

@N(x, rT )

@ ln(1/x)
= ↵sKBFKL ⌦ N(x, rT )� ↵s [N(x, rT )]

2
. (3.3)

This is the Balitsky-Kovchegov (BK) evolu-
tion equation [147, 148, 149], which is valid
for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
e↵ect of gluon mergers becomes important
when the quadratic term in Eq. (3.3) be-
comes comparable to the linear term on the
right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2

s ⇠ (1/x)�

with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
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it from becoming unphysically large. The
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one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
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This is the Balitsky-Kovchegov (BK) evolu-
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for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
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when the quadratic term in Eq. (3.3) be-
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we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
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Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
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terms in N .
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Coherent  eA production
→ probe gluon saturation


→ nuclear imaging in position space:

Figure 28: Coherent and incoherent exclusive J/y differential cross section versus |t| in the
Sartre model. Figure taken from Ref. [32].

duction, but also leads to nuclear breakup. This process produces nuclear fragments,
both large and small, some of which can be tagged by the far-forward system. It also
produces soft photons in the forward direction from the de-excitation of some of the
larger nuclear fragments.

5.3 MC samples

Two models are utilized in this study

• Sartre, which predicts vector meson production for electro- and photoproduction off
of protons and nuclei.

• BeAGLE, which interfaces PYTHIA6 with a Glauber formalism to incorporate nuclear
scattering, but only models electro- and photo-production off of the nucleons within
the nucleus. It also utilizes DPMJET and FLUKA to model nuclear breakup.

Sartre version 1.37 and BeAGLE version 1.01.03 were used to generate samples of about
700k J/y decays to leptons (to both electrons and muons). It should be noted that e+Au
processes were the main focus of the EIC Yellow Report, as Au has long been assumed to
be the primary heavy ion beam (as it was for RHIC). However, extensive BeAGLE studies
have found that incoherent processes off of Au nuclei lead to a preponderance of final
states which are not detectable either as large fragments in a far-forward tracker (which
requires Z/A similar to the nominal beam), or in a Zero Degree Calorimeter, which can

34

Toll, Ulrich, PRC 87 (13) 0249

xPz

b? Pz

x
B
f

<latexit sha1_base64="hZXNoIJ0FlHzvCP9JNyDhASM31o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFMwx6MVjBPOAZAmzk9lkyOzsMtMrhpCP8OJBEa9+jzf/xkmyB00saCiquunuChIpDLrut5NbW9/Y3MpvF3Z29/YPiodHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hbmtx65NiJWDzhOuB/RgRKhYBSt1Hrq3XQvSNgrltyyOwdZJV5GSpCh3it+dfsxSyOukElqTMdzE/QnVKNgkk8L3dTwhLIRHfCOpYpG3PiT+blTcmaVPgljbUshmau/JyY0MmYcBbYzojg0y95M/M/rpBhW/YlQSYpcscWiMJUEYzL7nfSF5gzl2BLKtLC3EjakmjK0CRVsCN7yy6ukWSl7l+XK/VWpVs3iyMMJnMI5eHANNbiDOjSAwQie4RXenMR5cd6dj0VrzslmjuEPnM8fVrKO4Q==</latexit>

xB
<latexit sha1_base64="KZNfJ25cEBQb2zDtuF+C/qrNFJU=">AAAB6nicbVDLTgJBEOzFF+IL9ehlIjHxRHaRRI9ELx4xyiOBDZkdemHC7OxmZtZICJ/gxYPGePWLvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLRzcxvPaLSPJYPZpygH9GB5CFn1Fjp/ql33SuW3LI7B1klXkZKkKHeK351+zFLI5SGCap1x3MT40+oMpwJnBa6qcaEshEdYMdSSSPU/mR+6pScWaVPwljZkobM1d8TExppPY4C2xlRM9TL3kz8z+ukJrzyJ1wmqUHJFovCVBATk9nfpM8VMiPGllCmuL2VsCFVlBmbTsGG4C2/vEqalbJ3Ua7cVUu1ahZHHk7gFM7Bg0uowS3UoQEMBvAMr/DmCOfFeXc+Fq05J5s5hj9wPn8AIoyNpw==</latexit>

splitting recombination

Figure 3.5: The non-linear small-x evolution of a hadronic or nuclear wave functions. All partons
(quarks and gluons) are denoted by straight solid lines for simplicity.

We see that something has to modify the
BFKL evolution at high energy to prevent
it from becoming unphysically large. The
modification is illustrated on the far right of
Fig. 3.5. At very high energies (leading to
high gluon densities), partons may start to

recombine with each other on top of the split-
ting. The recombination of two partons into
one is proportional to the number of pairs
of partons, which in turn scales as N

2. We
end up with the following non-linear evolu-
tion equation:

@N(x, rT )

@ ln(1/x)
= ↵sKBFKL ⌦ N(x, rT )� ↵s [N(x, rT )]

2
. (3.3)

This is the Balitsky-Kovchegov (BK) evolu-
tion equation [147, 148, 149], which is valid
for QCD in the limit of the large number
of colors Nc.3 A generalization of Eq. (3.3)
beyond the large-Nc limit is accomplished
by the Jalilian-Marian–Iancu–McLerran–
Weigert–Leonidov–Kovner (JIMWLK) [143,
152, 153, 154, 155] evolution equation, which
is a functional di↵erential equation.

The physical impact of the quadratic
term on the right of Eq. (3.3) is clear: it

slows down the small-x evolution, leading to
parton saturation, when the number density
of partons stops growing with decreasing x.
The corresponding total cross-sections sat-
isfy the black disk limit of Eq. (3.2). The
e↵ect of gluon mergers becomes important
when the quadratic term in Eq. (3.3) be-
comes comparable to the linear term on the
right-hand-side. This gives rise to the satu-
ration scale Qs, which grows as Q2
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with decreasing x [150, 156, 157].

Classical Gluon Fields and the Nuclear “Oomph” Factor

We have argued above that parton satu-
ration is a universal phenomenon, valid both
for scattering on a proton or a nucleus. Here
we demonstrate that nuclei provide an extra
enhancement of the saturation phenomenon,
making it easier to observe and study exper-
imentally.

Imagine a large nucleus (a heavy ion),
which was boosted to some ultra-relativistic

velocity, as shown in Fig. 3.6. We are inter-
ested in the dynamics of small-x gluons in
the wave-function of this relativistic nucleus.
One can show that due to the Heisenberg
uncertainty principle, the small-x gluons in-
teract with the whole nucleus coherently in
the longitudinal (beam) direction, Therefore,
only the transverse plane distribution of nu-
cleons is important for the small-x wave-

3An equation of this type was originally suggested by Gribov, Levin and Ryskin in [150] and by Mueller
and Qiu in [151], though at the time it was assumed that the quadratic term was only the first non-linear
correction with higher order terms expected to be present as well. In [147, 148], the exact form of the
equation was found, and it was shown that in the large-Nc limit Eq. (3.3) does not have any higher-order
terms in N .
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→ resolving minima is crucial

• Need 90%, 99%, and > 99.8% veto efficiency for 
incoherent production, for the respective minima at 
increasing t.

• Need precise determination of t.

• veto of events where nuclei break up 

→ use entire far-forward detector systems

• reconstruction via scattered lepton and exclusively 
produced vector meson/photon
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Diffractive eA: study of exclusive J/ѱ production in ePb 
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Extraction of coherent signal from 

coherent and incoherent production

•Simulation: coherent (Sartre)+incoherent 
(Beagle, normalised to Sartre)

•No background simulation

•No simulation of the beam spread

→ nuclear imaging in position space:
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w. EEMC: Ee from EECAL; me from PDG; angles from tracking;

                  from tracking 

track only: e and  from tracking only

best: weighted average of above methods after cut on their E ratios (0.5 - 1.5)

ϕ → KK
ϕ

Coherent   production in eAϕ
→ probe gluon saturation

Kong Tu
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Summary

• EIC with ePIC can address various low-x physics topics through: 


• Precise inclusive (spin-dependent) DIS measurements via high-resolution EM calorimeters.


• Measurements for 3D (spin-dependent) tomography in momentum space provided by 

   good Cherenkov-based and TOF AC-LGAD hadron PID detectors and tracking.


• Study of nuclear matter via heavy-flavour production (precise vertexing) and di-hadrons.


•  Diffractive and exclusive measurements with coherent/incoherent separation via

very precise EM calorimeters and forward detector system.


