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CORE Principles

• Compact:  
• Affordable as a 2nd detector for IR8

• Magnet no larger than necessary
• Investment in key technologies

• Compatible with ±4.5 meter IP detector space:
• Optimize luminosity and forward acceptance

• Tracking and PID based on 
“Generic Detector R&D for an EIC” program 2011-2021
• Low technical risk

• Integrated with secondary focus optics of IR8

• A high performance detector capable of realizing the full EIC physics program

Inner components of 
CORE in SketchUp
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CORE 
Elements

eic.jlab.org/core/

• Solenoid: 2.5 T
B ~ projective in dRICH
B < 2T @ DIRC photosensors
Cryostat 
• Inner bore 2.0m∅
• Length 2.8 m

• All Si Tracker (MAPS)
• Barrel High Performance DIRC (e/𝜋/K/p)

• ≥3𝜎 𝜋/K up to 6 GeV/c, ≥2𝜎 up to  8 GeV/c
• Simulations in process to evaluate thinning bars (from 17 to 10 mm) to enhance performance at large |𝜂|

• EMCal
• PbWO4 in full electron hemisphere ~ 1%⨁ !%

#
⨁ $%

#

• W-Shashlik in ion hemisphere ~ 2%⨁ %%
#
⨁ !%

#

• Dual RICH 1.7<𝜂<4.0
• 𝜋/K/p separation > 3𝜎 from 1 to 50 GeV/c 22-July-2021CHyde, PSQ-II 3
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CORE Proto-Collaboration
eic.jlab.org/core • All are Welcome!

• Catholic University of America (CUA)
• Duke University (Duke)
• GSI Helmholtz Centre for Heavy Ion Research, Germany
• Erlangen-Nuremberg University, Germany (GAU)
• Hampton University (HU)
• Indiana University (IU)
• Jefferson Lab (JLab)
• Kansas University (KU)
• Oak Ridge National Lab (ORNL)
• Old Dominion University (ODU)
• Penn State University (PSU)
• Stony Brook University (SBU)
• University of the Basque Country (UPV/EHU), Spain
• University of Connecticut (UConn)
• University of Hawaii (UH)
• University of South Carolina (USC) University of York, U.K.
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Working Group Conveners

• Inclusive:
• Eric Christy, Hampton U.

• Semi-Inclusive:
• Alexey Prokudin, Penn. State U.
• Gunar Schnell, U. Basque Country (UPV/EHU), 

Spain
• Timothy Hayward, U. Connecticut

• Exclusive:
• Andrey Kim, U. Connecticut
• Mohammed Hattawy, Old Dominion U.

• Jets
• TBD

https://eic.jlab.org/core
mailto:christy@jlab.org
mailto:avp5627@psu.edu
mailto:gschnell@mail.desy.de
mailto:timothy.hayward@uconn.edu
mailto:kenjo@jlab.org
mailto:mhattawy@odu.edu


THE TOOLS OF DIS

• Basic Variables: Q2, xBj
• aS(Q2)/π <0.5 for Q2 > 1 GeV2

• Transverse spatial resolution
db ~ 1/[Q2]1/2

• Longitudinal coherence length (target rest-
frame) 
of virtual photon l ≈ 1/(2MxBj)

• x < 0.1  ⬌ l ≥ 1 fm

• x<<0.1è coherent probe of distances greater 
than average NN spacing in a nucleus
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Fig. 1. (Color online.) αs,g1 (Q )/π obtained from JLab (triangles and open stars) and
world (open square) data on the Bjorken sum. Also shown are αs,τ (Q )/π from
OPAL data, the GLS sum result from the CCFR Collaboration (stars) and αs,g1 (Q )/π
from the Bjorken (band) and GDH (dashed line) sum rules.

in a Q 2-range from 0.06 to 2.92 GeV2 [14]. Here, Q 2 is the square
of the four-momentum transfered from the electron to the tar-
get. Apart from the extended Q 2-coverage, one notable difference
between these data and those of Ref. [6] is that the neutron infor-
mation originates from the longitudinally polarized deuteron target
of CLAS while the previous data [15] resulted from the longitudi-
nally and transversally polarized 3He target of JLab’s Hall A [12].
The effective coupling αs,g1 is defined by the Bjorken sum rule ex-
pressed at first order in pQCD and at leading twist. This leads to
the relation:

αs,g1 = π

(
1 − 6Γ

p−n
1

g A

)
, (1)

where g A is the nucleon axial charge. We used Eq. (1) to ex-
tract αs,g1/π . The results are shown in Fig. 1. The inner error
bars represent the statistical uncertainties whereas the outer ones
are the quadratic sum of the statistical and systematic uncertain-
ties. Also plotted in the figure are the first data on αs,g1 from [5]
and from the world data of the Bjorken sum evaluated at 〈Q 2〉 =
5 GeV2 [16], αs,F3 from the Gross–Llewellyn Smith (GLS) sum
rule [17] measured by the CCFR Collaboration [18], and αs,τ [19].
See [5] for details. The behavior of αs,g1 is given near Q 2 = 0 by
the generalized GDH sum rule and at large Q 2, where higher twist
effects are negligible, by the Bjorken sum rule generalized to ac-
count for pQCD radiative corrections. These predictions are shown
by the dashed line and the band, respectively, but they were not
used in our analysis. The width of the band is due to the uncer-
tainty on ΛQCD.

The values for αs,g1 from the new data are in good agreement
with the previous JLab data. While the previous data were sug-
gestive, the freezing of αs,g1 at low Q 2 is now unambiguous and
in good agreement with the GDH sum prediction. At larger Q 2,
the new data agree with the world data and the results from the
Bjorken sum rule at leading twist.

We fit the data using a functional form that resembles the
pQCD evolution equation for αs , with an additional term mg(Q )

that prevents α f it
s,g1 from diverging when Q 2 → Λ2 and another

term n(Q ) that forces α f it
s,g1 to π when Q 2 → 0. Note that the lat-

Fig. 2. (Color online.) The effective coupling constant αs,g1 extracted from JLab
data, from sum rules, and from the phenomenological model of Burkert and Ioffe
[20]. The black curve is the result of the fit discussed in the text. The calcula-
tions on αs are: top left panel: Schwinger–Dyson calculations Cornwall [21]; top
right panel: Schwinger–Dyson calculations from Bloch et al. [24] and αs used in the
quark model of Godfrey–Isgur [27]; bottom left: Schwinger–Dyson calculations from
Maris–Tandy [25], Fischer et al. [23] and Bhagwat et al. [26]; bottom right: Lattice
QCD results from Furui and Nakajima [28].

ter constraint is a consequence of both the generalized GDH and
Bjorken sum rules [5]. Our fit form is:

α f it
s,g1 = γn(Q )

log(
Q 2+m2

g (Q )

Λ2 )
, (2)

where γ = 4/β0 = 12/(33 − 8), n(Q ) = π(1 + [γ /(log(m2/Λ2)(1 +
Q /Λ) − γ ) + (bQ )c]−1) and mg(Q ) = (m/(1 + (aQ )d)). The fit
is constrained by the data, the GDH and Bjorken sum rules at
intermediate, low and large Q 2 respectively. The values of the
parameters minimizing the χ2 are: Λ = 0.349 ± 0.009 GeV, a =
3.008 ± 0.081 GeV−1, b = 1.425 ± 0.032 GeV−1, c = 0.908 ± 0.025,
m = 1.204 ± 0.018 GeV, d = 0.840 ± 0.051 for a minimal reduced
χ2 of 0.84. The inclusion of the systematic uncertainties in the fit
explains why the reduced χ2 is smaller than 1. The term mg(Q )
has been interpreted within some of the Schwinger–Dyson calcu-
lations as an effective gluon mass [21]. Eqs. (2) and (1) can also be
used to parameterize the generalized Bjorken and GDH sums.

The fit result is shown in Fig. 2. We also include some of
the theoretical calculations (Lattice results and curves labeled
Cornwall, Bloch et al. and Fischer et al.) and phenomenological
model predictions (Godfrey–Isgur, Bhagwat et al. and Maris–Tandy)
on αs . Finally, we show the αs,g1 formed using a phenomenolog-
ical model of polarized lepton scattering off polarized nucleons
(Burkert–Ioffe). These calculations are discussed in [5]. The mag-
nitude of the Godfrey–Isgur and Cornwall results agrees with the
estimate of the average value of αs using magnetic and color-
magnetic spin–spin interactions [22]. We emphasize that the rela-
tion between these results is not fully known and that they should
be considered as indications of the behavior of αs rather than strict
predictions.

The data show that αs,g1 loses its Q 2-dependence both at large
and small Q 2. The Q 2-scaling at large Q 2 is long known and
is the manifestation of the asymptotic freedom of QCD [29]. The
absence of Q 2-dependence at low Q 2 has been conjectured and
observed by many calculations but this is the first experimental
evidence. This lack of scale dependence (conformal behavior) at



• XBJ < 0.05:  “SHADOWING”

• COHERENT DIFFRACTIVE SCATTERING FROM ≥ 2 NUCLEONS

• INTERFERENCE IS DESTRUCTIVE BY VIRTUE OF NN 
ANTISYMMETRY

• NN PAIR MUST BE BACK-TO-BACK

• TRANSVERSE RESOLUTION 1/Q2 POST-SELECTS NUCLEAR STATE
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NUCLEAR DYNAMICS PROBED BY  DIS:



• xBj ≈ 0.1:  “Anti-Shadowing”
• 𝑞(𝑥) + '𝑞(𝑥) enhanced (DIS)
• No '𝑞(𝑥) enhancement seen in Drell-Yan.
• Hard Core of NN-interaction from q-q-g

exchange?
• Predictions of gluon anti-shadowing 

enhancement 
• Open Charm Production
• High precision Si Vertex Tracker for heavy

flavor tagging
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NUCLEAR DYNAMICS PROBED BY  DIS



DIS IS JUST THE BEGINNING

• For fixed DIS (e,e’) kinematics (Q2, xBj), observables include

• Jets

• SIDIS

• Diffraction

• Deeply Virtual Exclusive Scattering (DVES)

• All are tools for probing Quark and Gluon Structure of Nucleons and Nuclei

• Coherent nuclear DVCS

• Double tagging Diffractive DIS 
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COHERENT DVCS ON 
NUCLEI AT LOW X

• Probe	samples	long-range correlations	of quarks and gluons over multiple nucleons.
• What is the transverse spatial distribution	of	these	correlations?
• Nucleon	slowly	grows	transversely	at	low	x,	
• Nucleus is optically	thick	only	at	the	center.

• Next slide:
• Resolution	of	CORE	for	nuclear	DVCS

• Necessary complement to Deep-𝜙,	Deep-J/𝛹

• DVCS relies on high resolution EMCal

k
k’

ξx+ ξx-
GPD

p  p’

q’
+

DVCS 

GPD
+ +

Bethe-Heitler
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COHERENT DVCS 
ON NUCLEI

• Δ! = (𝑘 − 𝑘" − 𝑞")!

• Form light-cone basis 𝑛!, I𝑛! from q=(k-k’) and P

• Δ#
! =components of Δ! orthogonal to 𝑛!, I𝑛!

• Spatial imaging from Δ#
!
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Barrel 
PBWO4

Replace eBarrel
With W-Shashlik

CORE 
Resolution from 
Delphes
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REAL & IMAGINARY PARTS OF THE COMPTON 
AMPLITUDE

• Im[𝒜]
• Single spin asymmetries

• Re[𝒜]
• Double spin asymmetries

• Beam charge (e+/e–) asymmetry

• s-dependence of the cross section (Generalized Rosenbluth Separation)

• M. Defurne et al., NATURE COMMUN. 8 (2017) 1, 1408

• B. Kriesten and S. Liuti, ArXiv.org/2011.04484

• Need an EIC program over full energy range!
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NUCLEAR INITIAL AND FINAL STATES IN 
DIFFRACTIVE DIS.
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Interference: 
active/spectator in 
NN pair

Color-neutral 
db < 1/[Q2]1/2
No FSI!

• INCOHERENT DIFFRACTION:  A CLEAN PROBE OF MULTI-NUCLEON DYNAMICS.

• RAPIDIDY GAP:
ONLY LOW-ENERGY NN, NNN... FSI

• EVENT-BY-EVENT INITIAL & 
FINAL STATE:

• ELLIPTICAL SOURCE  
≥ 2 NUCLEONS

1/(2xBM)

1/[Q2]1/2



A COMMENT ON FAR-FORWARD DETECTION
• Preliminary IR-8 Downstream Ion Optics

• Secondary Focus at ~45 m

• Spectators in light nuclei / evaporation
residues in heavy nuclei

• Magnetic Rigidity K = Momentum/Charge

• Consider 3He and 3H daughters from 4He

• P(4He) = 2 P0, rigidity P0

• P(3He) ≈ &
'
2𝑃( , rigidity = (3/4) P0

• P(3H) ≈ &
'
2𝑃( , rigidity = (3/2) P0 > P0

• Need trackers on both sides of the beam line  
[25,35]m and at Roman Pot location 45m
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IR8 forward layout (current)
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Neutrons ±7mrad

Protons ±5mrad
Δp/p = 0
𝑝T = 1.37 GeV, 𝑥L=1

Protons ±7mrad
Δp/p = -0.5
𝑝T = 0.96 GeV, 𝑥L=0.5

R. Gamage, V.S. Morozov   5/28/2021



MY PERSONAL TAKE-AWAY FROM THIS WORKSHOP

• FAMOUS QUOTE OF YURI DOKSHITZER

• “FOLKS, WE NEED TO STOP “TESTING” QCD AND START UNDERSTANDING IT”,
ICHEP 1998, VANCOUVER, BC , CONFERENCE SUMMARY TALK

• After listening to many fascinating talks, this workshop reinforces my strong 
impression that we have only just begun to understand the potential of the EIC to 
reveal the nature of QCD.

• The physics program and detector performance must be considered very broadly
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