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proton spin: polarized quarks (ΔΣ) & 
gluons (ΔG)  ➟ (semi-)inclusive DIS


3d imaging


transverse-momentum structure: 
transverse-momentum distributions 
(TMDs) ➟ semi-inclusive DIS


Tomographic (spatial) images of the 
proton: generalized parton distributions 
(GPDs) ➟ exclusive reactions


QCD matter at extreme gluon density


coherent diffraction on heavy nuclei


quark hadronization
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Main EIC physics goals:  EIC White Paper & NAS EIC Science Case
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origin of mass:


spatial distribution of energy density and 
pressure


origin of spin:


gluon spin


quark and gluon orbital angular 
momentum


gluons in nuclei:


gluons and nuclear binding


gluon saturation in nuclei


coherent diffraction off heavy nuclei

proton spin: polarized quarks (ΔΣ) & 
gluons (ΔG)  ➟ (semi-)inclusive DIS


3d imaging


transverse-momentum structure: 
transverse-momentum distributions 
(TMDs) ➟ semi-inclusive DIS


Tomographic (spatial) images of the 
proton: generalized parton distributions 
(GPDs) ➟ exclusive reactions


QCD matter at extreme gluon density


coherent diffraction on heavy nuclei


quark hadronization
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general call for detector proposals (deadline 12/2021); review report in 03/2022 


CORE addresses the EIC White Paper & NAS Report science case, and meets/exceeds 
design requirements of Yellow Report (YR) [Tab. 3.1 of https://physdiv.jlab.org/DetectorMatrix]


CORE physics program would thus match the physics performance of any simulation 
based on these requirements, e.g., presented in the YR


central CORE detector is compatible with either the IR layout of the EIC CDR


can be placed at IR6 or IR8


CORE only requires a magnet-free space of 4m  ☞ increase in luminosity, forward 
acceptance and decrease in chromaticity compared to CDR (assumes 4.5 m)


CORE is synergetic with a secondary focus at IR8


CORE with distinct complementarity to the YR reference detector: offers unique opportunities 
for science beyond the EIC White Paper

https://physdiv.jlab.org/DetectorMatrix
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CORE – overview

Silicon tracker MPGD tracker

Non-projective 
W-shaslik EMcal

Hcal, outer rings: 
re-used STAR 
FCS modules 
(36 layers)

Hcal, new Fe/Sci 
modules (44 layers)

Dual-radiator RICH
DIRC

Neutral hadron 
and muon ID 
detector (KLM)

Non-projective 
PbWO4 EMcal

Projective 
W-shaslik 
EMcal

Projective 
PbWO4 EMcal

LGAD TOF



G. Schnell DIS 2022

CORE: some notable features

8

compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker, and a higher luminosity 


size makes it cost effective with ample space for supports and services 


affordable to use the best possible EM calorimetry in the barrel region
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CORE: some notable features

8

compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker, and a higher luminosity 


size makes it cost effective with ample space for supports and services 


affordable to use the best possible EM calorimetry in the barrel region

hermetic detector, in particular, full EM calorimetry within -4 < η < 4


W vs. Pb shashlik EMcal considerably improves resolution (esp. for exclusive processes)

DIRC for barrel PID & TOF PID for electron endcap 

Belle-II-like KL—μ (KLM) system in flux return for neutral-hadron and muon ID


beneficial for, e.g., jets reconstructed from individual particles 

in general, mostly low-risk and cost-efficient solutions without compromising physics 
goals but rather extending physics reach of YR reference detector
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CORE: some notable features — tracking
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compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker

8

Si-tracker: simulation

6 disks
AC-LGAD TOF 
can be added

h

ITS3 technology: 
MAPS (10 µm pixels)

e

3 vertex and 3 outer barrel layers6 disks and 
AC-LGAD TOF

Layout: symmetric except for 
the last MAPS on each side

Goal: particles should cross six disks or 
barrel layers to minimize inefficiencies

The vertex layers extend to larger 
rapidities than the outer barrel layers.

[courtesy C. Hyde]
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CORE: some notable features — tracking
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compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker


central tracking complemented with forward tracker behind dRICH

12

Forward MPGD (µRWELL)

The main purpose of the 
MPGD is to seed the ring 
finding for the dRICH.

With a long lever arm and 
50-100 µm resolution, it can 
also improve dp/p at large h.

To optimize the acceptance 
at large h, it has an inner 
disk tracker (IDT) module 
that minimizes the dead 
area at the center.

The baseline technology is 
µRWELL.

primary purpose: assist dRICH ring 
finder


large distance to IP:


great lever arm for large-η particle 
tracking  
➥ improved momentum resolution


inner disk tracker (IDT) to increase 
acceptance
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CORE: some notable features — tracking
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Si-tracker: momentum resolution (at 3 T)

Note: adding the MPGD will improve 
the resolution at forward rapidities.

The invariant mass resolution for the 
f is 0.37 MeV when integrated over 
the full angular range
• Straightforward to analyze even 

without PID

25

resolution are almost negligible when reconstructing the event kinematics from the electron
and photon. Thus, while tagging the forward proton is important for exclusivity, CORE will
not rely on an accurate unfolding of hadron beam e↵ects for a precise DVCS measurements.

2. Exclusive Vector Meson Production

FIG. 13. Generated (red) and reconstructed (blue) invariant masses in exclusive charmonium and
bottomonium production on the proton at 18 x 275 GeV. The excellent invariant mass resolution
of CORE is important since background from the Bethe-Heitler process which gives rise to the
same di-lepton final state and thus cannot be suppressed through PID. Left panel: J/ ! e

+
e
�.

Right panel: ⌥ ! µ
+
µ
�.

FIG. 14. Generated (red) and reconstructed (blue) invariant masses from exclusive ⇢ and � pro-
duction on the proton at 10 x 275 GeV. The left panel shows the ⇢ and � overlaid, while the right
panel shows only the �. Two-pion production is the major background for the �, and this figure
illustrates the impact of the excellent invariant mass resolution of CORE on the measurement of
the �.

The exclusive production of vector mesons has been studied with the estarlight generator
[17]. The reconstruction is based on the DELPHES Monte Carlo.

Figures 13 and 14 illustrate the reconstruction of the invariant mass (here for vector
mesons) based on their decays to charged mesons and leptons. For � ! K+K� a mass
resolution (�) of 0.37 MeV can be achieved, while J/ and ⌥ decaying to leptons can be
reconstructed with 10.5 MeV and 31.1 MeV resolutions, respectively. The ⇢ resonance has a
large natural width. The main reason that the reconstructed peaks are lower is that particles
were generated for the full ⌘ range but the endcap acceptance only extends to |⌘| > 3.5

25

resolution are almost negligible when reconstructing the event kinematics from the electron
and photon. Thus, while tagging the forward proton is important for exclusivity, CORE will
not rely on an accurate unfolding of hadron beam e↵ects for a precise DVCS measurements.

2. Exclusive Vector Meson Production

FIG. 13. Generated (red) and reconstructed (blue) invariant masses in exclusive charmonium and
bottomonium production on the proton at 18 x 275 GeV. The excellent invariant mass resolution
of CORE is important since background from the Bethe-Heitler process which gives rise to the
same di-lepton final state and thus cannot be suppressed through PID. Left panel: J/ ! e

+
e
�.

Right panel: ⌥ ! µ
+
µ
�.

FIG. 14. Generated (red) and reconstructed (blue) invariant masses from exclusive ⇢ and � pro-
duction on the proton at 10 x 275 GeV. The left panel shows the ⇢ and � overlaid, while the right
panel shows only the �. Two-pion production is the major background for the �, and this figure
illustrates the impact of the excellent invariant mass resolution of CORE on the measurement of
the �.

The exclusive production of vector mesons has been studied with the estarlight generator
[17]. The reconstruction is based on the DELPHES Monte Carlo.

Figures 13 and 14 illustrate the reconstruction of the invariant mass (here for vector
mesons) based on their decays to charged mesons and leptons. For � ! K+K� a mass
resolution (�) of 0.37 MeV can be achieved, while J/ and ⌥ decaying to leptons can be
reconstructed with 10.5 MeV and 31.1 MeV resolutions, respectively. The ⇢ resonance has a
large natural width. The main reason that the reconstructed peaks are lower is that particles
were generated for the full ⌘ range but the endcap acceptance only extends to |⌘| > 3.5

compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker 
➥ (sub-)%-level momentum resolution in most of η coverage
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Si-tracker: vertex position resolution
Vertex z-resolution (along beam) Vertex transverse position resolution

The resolution is good for measuring detached vertices from, e.g., open charm (D0 ct = 123 µm)

compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker 
➥ sufficient vertex resolution to tag charm

longitudinal transverse
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compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker 
➥ sufficient vertex resolution to tag charm

18 x 275 GeV

Total

w/ vertex cuts
a    b    c   d    e

a

b c

d e
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compact, high-field (3T) solenoid: coil length 2.5m with 1m inner radius


enables high-resolution tracking together w/ all-Si tracker 
➥ sufficient vertex resolution to tag charm

18 x 275 GeV

Total

w/ vertex cuts

a

b c

d e

Already with simple vertex constraints a 
rather clean D0 sample (purity of 87–97%) 
with high efficiency can be achieved. 
Performance is sufficient for both asymmetry 
and cross-section measurements. 

Further improvements from refined analysis, e.g., 
K/π-momentum ranking for higher-momenta D0, 
easily possible.
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electron hemisphere (η < 0)  

best EMcal for e/π ID is PbWO (2%√E + 1%) 
➥ used to cover full electron hemisphere


endcap: non-projective & barrel: projective 


endcap EMcal is small & light 
➥ can be cantilevered from behind to reduce 
supports, improving hermeticity 


hadron hemisphere (η > 0)  

W-shashlik (6%√E + 2%) 


hadron endcap: 20 X0 non-projective  
forward part of the barrel: 25 X0 projective 


excellent position resolution (γ/π0 at high E)


24

4! EM calorimetry

PbWO4 (2% E-1/2 + 1%): 2x2x20 cm3

temperature-controlled crystals (22 X0, 1 lint)
• electron endcap: non-projective
• backward part of the barrel: projective

The endcap EMcal is small (0.6 m2) and light. 
It can be cantilevered from behind to reduce 
supports, improving hermeticity

W-Shashlyk (6% E-1/2 + 2%): 12x12 cm2 modules
• hadron endcap: 20 X0 non-projective
• forward part of the barrel: 25 X0 projective

Excellent position resolution (g/p0 at high energy)

The barrel-endcap transition minimizes partial 
showers in the edge of the barrel

Electron hemisphere (h < 0) Hadron hemisphere (h > 0)
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W-shashlyk EMcal

The CORE W-shashlyk has interleaved layers of:
• 1.25 mm W/Cu alloy (80% / 20%)
• 2 mm scintillator

W-shashlyk module (not made for CORE, 
but illustrating some of the key features)

The readout is done by WLS fibers 14 mm apart, 
each attached to a small SiPM.
• The area of each CORE module is 12x12 cm2

Drilling holes in W/Cu plates is more demanding 
(but more environmentally friendly) than drilling in 
Pb. A company like Uniplast LLC can do it quickly 
and affordably.
• The Uniplast quote is for fully assembled modules

Both projective and non-projective modules can 
be made.

W-shashlik with interleaved layers of


1.25mm W/Cu alloy (80% / 20%) 


2mm scintillator


electron hemisphere (η < 0)  

best EMcal for e/π ID is PbWO (2%√E + 1%) 
➥ used to cover full electron hemisphere


endcap: non-projective & barrel: projective 


endcap EMcal is small & light 
➥ can be cantilevered from behind to reduce 
supports, improving hermeticity 


hadron hemisphere (η > 0)  

W-shashlik (6%√E + 2%) 


hadron endcap: 20 X0 non-projective  
forward part of the barrel: 25 X0 projective 


excellent position resolution (γ/π0 at high E)


[example, not actual CORE module]
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deeply virtual Compton scattering (DVCS): 
e A → e γ A


transverse momentum transfer essential 
for transverse imaging


can infer momentum transfer from 
scattered proton (nucleus) in far-forward 
detectors (“Roman pots”) 
➥ limitations from hadron-beam effects


OR: use well reconstructed e & γ 
kinematics; with equal or even better 
resolution at CORE compared to YR 
➥ forward hadron detection in addition 
improves exclusivity / BG suppression 


10 GeV e– on 137 GeV per nucleon 4He  

PbWO4

W-shashlyk
Cross section 
contours

!

!
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generated DVCS (TOPEG)

generated within acceptance

reconstructed DELPHES

10 GeV x 275 GeV
ep � ep�

<latexit sha1_base64="EAgGDmGJi2c4h+z51arcW2sv0Js=">AAAB8nicbVDLSsNAFL2pr1pf0S7dDBbBVUl8oMuiG5cV7AOaUibTSTt0JgkzEyGE/IgbETcKfoi/4N84abNp64FhDuecYe65fsyZ0o7za1U2Nre2d6q7tb39g8Mj+/ikq6JEEtohEY9k38eKchbSjmaa034sKRY+pz1/9lD4vRcqFYvCZ53GdCjwJGQBI1gbaWTXMxrnno6Qub0JFgLntZHdcJrOHGiduCVpQIn2yP7xxhFJBA014VipgevEephhqRnhNK95iaIxJjM8odl85BydG2mMgkiaE2o0V5dyWCiVCt8kBdZTteoV4n/eINHB3TBjYZxoGpLFR0HCkalY9EdjJinRPDUEE8nMhIhMscREmy0V1d3Vouuke9l0r5o3T9eN1n25hCqcwhlcgAu30IJHaEMHCKTwBp/wZWnr1Xq3PhbRilW+qcMSrO8/aXWQfQ==</latexit>
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deeply virtual Compton scattering (DVCS): 
e A → e γ A


transverse momentum transfer essential 
for transverse imaging


can infer momentum transfer from 
scattered proton (nucleus) in far-forward 
detectors (“Roman pots”) 
➥ limitations from hadron-beam effects


OR: use well reconstructed e & γ 
kinematics; with equal or even better 
resolution at CORE compared to YR 
➥ forward hadron detection in addition 
improves exclusivity / BG suppression 


e� � e��
<latexit sha1_base64="m0itglbg+FjtYC4jCZsgDYQ1jW8=">AAAB/HicbVDLSgMxFM34rPU16lKEYBFclRkf6LLoxmUF+4BOKXfSTBuazAxJRijDuPFX3Ii4UfAb/AX/xkw7Ltp6IHByzg255/gxZ0o7zo+1tLyyurZe2ihvbm3v7Np7+00VJZLQBol4JNs+KMpZSBuaaU7bsaQgfE5b/ug291uPVCoWhQ96HNOugEHIAkZAG6lnH6XUAx4PIfN0hP8u3gCEgKzcsytO1ZkALxK3IBVUoN6zv71+RBJBQ004KNVxnVh3U5CaEU6zspcoGgMZwYCmk+UzfGKkPg4iaU6o8USdmQOh1Fj4ZlKAHqp5Lxf/8zqJDq67KQvjRNOQTD8KEo5NzrwJ3GeSEs3HhgCRzGyIyRAkEG36yqO780EXSfOs6p5XL+8vKrWbooQSOkTH6BS56ArV0B2qowYi6Bm9og/0aT1ZL9ab9T4dXbKKNwdoBtbXL/jAlMU=</latexit>

10 GeV x 137.5/u GeV
e� � e��

<latexit sha1_base64="m0itglbg+FjtYC4jCZsgDYQ1jW8=">AAAB/HicbVDLSgMxFM34rPU16lKEYBFclRkf6LLoxmUF+4BOKXfSTBuazAxJRijDuPFX3Ii4UfAb/AX/xkw7Ltp6IHByzg255/gxZ0o7zo+1tLyyurZe2ihvbm3v7Np7+00VJZLQBol4JNs+KMpZSBuaaU7bsaQgfE5b/ug291uPVCoWhQ96HNOugEHIAkZAG6lnH6XUAx4PIfN0hP8u3gCEgKzcsytO1ZkALxK3IBVUoN6zv71+RBJBQ004KNVxnVh3U5CaEU6zspcoGgMZwYCmk+UzfGKkPg4iaU6o8USdmQOh1Fj4ZlKAHqp5Lxf/8zqJDq67KQvjRNOQTD8KEo5NzrwJ3GeSEs3HhgCRzGyIyRAkEG36yqO780EXSfOs6p5XL+8vKrWbooQSOkTH6BS56ArV0B2qowYi6Bm9og/0aT1ZL9ab9T4dXbKKNwdoBtbXL/jAlMU=</latexit>

10 GeV x 137.5/u GeV☞ C. Hyde’s WG6 talk on We
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deeply virtual Compton scattering (DVCS): 
e A → e γ A


transverse momentum transfer essential 
for transverse imaging


can infer momentum transfer from 
scattered proton (nucleus) in far-forward 
detectors (“Roman pots”) 
➥ limitations from hadron-beam effects


OR: use well reconstructed e & γ 
kinematics; with equal or even better 
resolution at CORE compared to YR 
➥ forward hadron detection in addition 
improves exclusivity / BG suppression 


similar arguments for exclusive meson 
production

➥ Diffraction maxima up to 
0.075 GeV2 will be visible (in IR6)
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η > 1.2 : Hcal based on STAR FCS

520 STAR FCS modules are re-used for 
the outer ring

original STAR FCS has 36 Fe/Sci layers 
(20+3 mm); new modules will have 44 

divided into two parts that can be moved 
out to the sides 
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η > 1.2 : Hcal based on STAR FCS

520 STAR FCS modules are re-used for 
the outer ring

original STAR FCS has 36 Fe/Sci layers 
(20+3 mm); new modules will have 44 

divided into two parts that can be moved 
out to the sides 

η < 1.2 : neutral hadron and muon ID 
detector based on the Belle II KLM


layers of orthogonal scintillator readout 
strips interleaved with the solenoid  
return steel

high detection efficiency and good 
angular resolution
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η > 1.2 : Hcal based on STAR FCS

520 STAR FCS modules are re-used for 
the outer ring

original STAR FCS has 36 Fe/Sci layers 
(20+3 mm); new modules will have 44 

divided into two parts that can be moved 
out to the sides 


η < 1.2 : neutral hadron and muon ID 
detector based on the Belle II KLM


layers of orthogonal scintillator readout 
strips interleaved with the solenoid  
return steel

high detection efficiency and good 
angular resolution
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high-resolution calorimetry 
allows for precision DIS on 
protons and nuclei


electron method  
sufficient for most 
y=(q•P)/(k•P)  
q …  virtual photon 
k …  incoming lepton 
P … incoming proton

only at low y, need 
alternative methods like 
Jaquet-Blondel (JB) or 
double-angle (DA) method


low-x region (large y) with 
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high-resolution calorimetry 
allows for precision DIS on 
protons and nuclei


electron method  
sufficient for most 
y=(q•P)/(k•P)  
q …  virtual photon 
k …  incoming lepton 
P … incoming proton

only at low y, need 
alternative methods like 
Jaquet-Blondel (JB) or 
double-angle (DA) method


low-x region (large y) with 
%-level precision
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dual-radiator RICH (aerogel+gas) in hadron endcap

smaller version of the eRD14 design  
(most dimensions scaled by a factor 2, though 
length of the gas along the beam only reduced 
from 1.6 m to 1.2 m) 


high-performance DIRC in the barrel 

can re-use bars from BaBar 

thanks to small size of DIRC, affordable to build 
new (thinner) bars 
➥ significant reduction of multiple scattering and 
radiator material (by ~40%)


time-of-flight (TOF) for electron endcap

most hadrons have small momentum 
➥TOF system sufficient, while highly compact, 
radiation hard & B-field tolerant

16

PID in the barrel - a high-performance DIRC

The PID performance of a DIRC is largely independent of size 
• The small radius of the CORE DIRC improves low-momentum PID acceptance at high B-fields

16 x 4 x 3 = 192 MCP-PMTs

16 x 5 = 80 bars

DIRC
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combination of electron and hadron PID provides substantial pion suppression  
 
 
 
 
 
 
 
 
 
 

remaining pion / electron ratio is at the level of 0.1% or better for standard DIS kinematics

emphasizes purity of electron reconstruction; important for, e.g., parity-violating DIS

complementarity between EIC detectors

w/o DIRC

w/ DIRC
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FIG. 23. All DIS pions (upper panels) and kaons (lower panels) from the same data sets plotted
separately as a function of ⌘ for two beam energies, 5x100 GeV (left panels) and 10x275 GeV (right
panels). The 3� coverage of the CORE PID systems, as well as the region covered by the DIRC
and dRICH “threshold modes.” The latter are discussed in the respective sections. A TOF similar
to the one on the electron side (left) can be added to the hadron side (right) as a future upgrade.

excellent performance.
To achieve this, all dimensions were scaled uniformly except for the gas depth (along

z), which was only reduced by 25% from 1.6 m to 1.2 m. The latter also improved the
aspect ratio compared with the original design, making more space for the photosensors,
which are laid out so as to compensate for the non-flat focal plane created by the spherical
mirrors. Thus, the CORE dRICH will be able to preserve the excellent characteristics of its
slightly larger predecessor that was studied very thoroughly as part of the R&D undertaken
by eRD14.

The main requirement for the dRICH is to provide a continuous coverage (i.e., at least 3�
separation using either radiator) across the 2-50 GeV/c momentum range, without leaving
a gap in the middle as this would impact the physics. This meant matching an aerogel with
a low index of refraction (n = 1.02� 1.03) with a gas that would fall somewhere in-between

5 x 100 [GeV] 10 x 275 [GeV]

π π

K K

hadron PID system covers important 
part of phase space for semi-inclusive 
DIS
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FIG. 23. All DIS pions (upper panels) and kaons (lower panels) from the same data sets plotted
separately as a function of ⌘ for two beam energies, 5x100 GeV (left panels) and 10x275 GeV (right
panels). The 3� coverage of the CORE PID systems, as well as the region covered by the DIRC
and dRICH “threshold modes.” The latter are discussed in the respective sections. A TOF similar
to the one on the electron side (left) can be added to the hadron side (right) as a future upgrade.

excellent performance.
To achieve this, all dimensions were scaled uniformly except for the gas depth (along

z), which was only reduced by 25% from 1.6 m to 1.2 m. The latter also improved the
aspect ratio compared with the original design, making more space for the photosensors,
which are laid out so as to compensate for the non-flat focal plane created by the spherical
mirrors. Thus, the CORE dRICH will be able to preserve the excellent characteristics of its
slightly larger predecessor that was studied very thoroughly as part of the R&D undertaken
by eRD14.

The main requirement for the dRICH is to provide a continuous coverage (i.e., at least 3�
separation using either radiator) across the 2-50 GeV/c momentum range, without leaving
a gap in the middle as this would impact the physics. This meant matching an aerogel with
a low index of refraction (n = 1.02� 1.03) with a gas that would fall somewhere in-between

5 x 100 [GeV] 10 x 275 [GeV]

π π

K K

hadron PID system covers important 
part of phase space for semi-inclusive 
DIS

no obvious gaps in phase space 
 
[e.g., PhT vs. z=(ph•P)/(q•P)]:

17

DIRC PID range - impact on TMDs

In SIDIS, the transverse momentum PhT is 
defined with respect to the virtual photon 
and not the beam direction.
• Since the photon direction varies, the lower 

end of the PID range has little impact on 
the z-PhT coverage (it adds statistics).

• The PID range of the DIRC is ideal for 
TMD physics.

pions
0.2 < p < 6 GeV

pions
no PID cuts

kaons
0.5 < p < 6 GeV

kaons
no PID cuts

kaons
0.2 < p < 6 GeV

0.2 < p < 6 GeV/c
0.5 < p < 6 GeV/c

co
un

ts

co
un

ts
co

un
ts

co
un

ts

co
un

ts

DIRC DIRC
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for TMD physics, it is not the 
transverse momentum in lab frame 
that matters! 
 
 
 
 
 
 
 
 
 
 
➥  momentum coverage in DIRC does 
not seriously impact PhT coverage 
 
➥  very low PhT even for kaons

TMD	pT		(PhT)

detector	pT

17

DIRC PID range - impact on TMDs

In SIDIS, the transverse momentum PhT is 
defined with respect to the virtual photon 
and not the beam direction.
• Since the photon direction varies, the lower 

end of the PID range has little impact on 
the z-PhT coverage (it adds statistics).

• The PID range of the DIRC is ideal for 
TMD physics.

pions
0.2 < p < 6 GeV

pions
no PID cuts

kaons
0.5 < p < 6 GeV

kaons
no PID cuts

kaons
0.2 < p < 6 GeV

0.2 < p < 6 GeV/c
0.5 < p < 6 GeV/c

co
un

ts
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excellent coverage both in PhT 
and z (here shown for pions)


with very competitive resolution


"[PhT]	=	12	MeV

20

enters the scale uncertainty on A1 and hence on the helicity distributions extracted from
it. The situation is the same for measurements of longitudinal SIDIS double-spin asym-
metries, again to be used for the determination of helicity distribution and in particular of
quark-flavor–separated helicity distributions. This, however, is less relevant for most of the
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FIG. 8. top 4 panels: z distributions of pions and kaons (as labelled) in the dRICH for the 5⇥100
(left column) and 10⇥275 (right column) beam-energy settings. Black points are generated kine-
matics; red squares correspond to kinematics as reconstructed by the CORE resolution simulated
with DELPHES, and where the Electron Method is used for the reconstruction of DIS kinematics.
At large values of z, migration into the unphysical region (z > 1) is observed, arising, e.g., from y

smearing. bottom 4 panels: Corresponding z resolutions, avoiding the low-y region where using
the Electron Method is less appropriate and where other methods would be employed.
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CORE: some notable features — PID (for semi-inclusive DIS)

28

excellent coverage both in PhT 
and z (here shown for pions)


with very competitive resolution


"[PhT]	=	12	MeV

20

enters the scale uncertainty on A1 and hence on the helicity distributions extracted from
it. The situation is the same for measurements of longitudinal SIDIS double-spin asym-
metries, again to be used for the determination of helicity distribution and in particular of
quark-flavor–separated helicity distributions. This, however, is less relevant for most of the
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FIG. 8. top 4 panels: z distributions of pions and kaons (as labelled) in the dRICH for the 5⇥100
(left column) and 10⇥275 (right column) beam-energy settings. Black points are generated kine-
matics; red squares correspond to kinematics as reconstructed by the CORE resolution simulated
with DELPHES, and where the Electron Method is used for the reconstruction of DIS kinematics.
At large values of z, migration into the unphysical region (z > 1) is observed, arising, e.g., from y

smearing. bottom 4 panels: Corresponding z resolutions, avoiding the low-y region where using
the Electron Method is less appropriate and where other methods would be employed.
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CORE: some notable features — PID (for exclusive processes)
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exclusively produced hadrons in general more energetic 
➥ decay products well covered by PID acceptance


in electron endcap, TOF covers the kaons only at lowest electron beam energies  
➥ with the excellent invariant-mass resolution of the tracker, the # yield can be 
extracted using sideband subtraction
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Secondary focus at IR8
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CORE & IR8 far-forward region compatible with 
secondary focus


much improved tagging of target remnants

new physics opportunities
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Secondary focus at IR8
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basically all daughter nuclei from 238U can be detected & identified with IR8 secondary focus


spectroscopy of short-lived rare isotopes from boosted photons in ZDC (w/ sufficient resol.)

13

FIG. 3. Isotope Z vs. hit position in the best Roman pot in IR6 (left) and IR8 (right), respectively.
The gray box on each plot shows the 10� beam size which prevents detection. This exclusion is
much smaller in IR8 due to the 2nd focus. The larger horizontal spacing in IR8 is due to a larger
dispersion. The isotopes shown assume a 238U beam, but are representative for all heavy ions. The
exceptional ability of IR8 to detect fragments with magnetic rigidities very close to that of the
beam is also indicative of the acceptance for recoil protons and nuclei that emerge from exclusive
reactions with a low pT with respect to the beam.

But even more importantly, this method of reconstructing pT can also be applied when
the nucleus is not detected and the forward spectrometer is instead used to veto nuclear
breakup to suppress incoherent backgrounds and establish exclusivity. For charged-particle
production this is accomplished by the high-resolution tracker in combination with excellent
muon ID (charmonium, time-like Compton scattering). And the PbWO4 EMcal in the
electron hemisphere provides the best possible photon detection (DVCS, ⇡0).

For coherent exclusive processes on light nuclei at low x and medium-mass nuclei, it is
also possible to use a hybrid method where the breakup is vetoed for the low-pT part while
high-pT nuclei are detected. This method would greatly extend the kinematic coverage and
mass range available for nuclei, while maintaining low levels of incoherent backgrounds. It
is also a striking example of the synergy between the already exceptional low-pT acceptance
for the recoiling target system provided by a forward detection utilizing a 2nd focus, and
a central detector providing the best possible resolution in the reconstruction of the pT
when the ion is not detected (low x, high A). In particular, with the high-resolution EMcal
proposed for CORE, the ability to measure DVCS for a wide range of nuclei could greatly
expand our understanding of nuclear properties and pave the way for new discoveries.

Coherent di↵raction on heavy nuclei (exclusive production of � and J/ ) is an important
process for studying the onset of gluon saturation at the highest collision energies. However,
vetoing of breakup becomes more challenging the heavier the nucleus is. If one has to
rely only on evaporation neutrons detected in the ZDC and photons emitted from the final
nucleus it is di�cult to reach a suppression factor of at least 500, which is necessary to
observe the coherent signal out to the 3rd di↵ractive minimum. Thus, adding detection
of nuclear fragments to the veto is essential to ensure a clean measurement. The most
demanding case is single-nucleon knockout, which is not negligible in e-A collisions even at
high energy. The ZDC e�ciency for detecting a single neutron is far from su�cient. But the
detection of the A-1 nucleus also requires a very capable forward spectrometer with large
dispersion and a 2nd focus, since the change in rigidity (A/Z) is small for heavy nuclei. The
current IR8 layout is capable of tagging 89Zr in a 90Zr beam, which may already be su�cient
for observing saturation, but with further refinements it should be possible for A-1 detection

excluded by beam envelope

IR6 IR8
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instead of summary: CORE — what next?
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March 21, 2022: Report from the EIC Detector Proposal Advisory Panel  (DPAP)

ECCE-like detector as “EIC Detector 1” 

panel also supports a second detector at IR8:


“an IR with a secondary focus can significantly broaden the physics scope and output 
of the EIC”

“a second detector could also be more specialized towards a particular physics area”  
 
➥ CORE is a strong contender of being first choice for second detector  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a CORE study group for a 2nd detector formed

open to everyone’s participation

clearly ample opportunity to take leading roles
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Key aspects of a compact detector
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Lower cost (without compromising any physics capabilities)

performance of many subsystems (DIRC, EMcal, etc) does not depend on overall system size or location

compact detector simply has fewer modules, making it more cost-effective

Lower risk

a smaller new solenoid is not only less expensive but has lower technical and schedule risks

a shorter detector is easier to integrate into the IR, as it leaves more space for accelerator infrastructure near the 
collision point and reduces challenges related to solenoid compensation

Synergies with IR8 (and the physics opportunities enabled by a secondary focus)

lower cost equivalent subsystems makes it affordable to invest in key capabilities

an example is a PbWO4 EMcal for eta < 0, which makes it possible to reconstruct DVCS kinematics using the photon, 
while only tagging the proton or ion (fragments) in the Roman pots 
➠ in combination with the low-pT acceptance with a 2nd focus creates new opportunities for imaging of ions beyond He

Complementarity

a compact 3 T solenoid can in combination with an all-Si tracker provide excellent tracking resolution, and is 
technologically  complementary to the hybrid tracker in a 1.5 T BaBar solenoid in Detector 1


