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EIC Kinematics and the QCD Landscape
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The Science Pillars at the EIC

as outlined in the NAS NSAC
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EIC Design Overview

I Existing RHIC complex at BNL

I superconducting magnets
275 GeV polarized protons

I Add an electron accelerator
in the same tunnel

I 25 mrad crossing angle with crab cavities

I IP6 (location of STAR)

I Forward Hadron instrumentation

e−: 5 - 18 GeV
p: 41 - 275 GeV√
s: 30 - 140 GeV
L up to 1034 cm−2s−1

Full luminosity achieved in phases
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Legacy and the place of the EIC
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The ePIC detector collaboration
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Interlude: my opinion on known unknowns

Yuri L. Dokshitzer, (CERN-Dubna School Pylos August 2002)

In the late 1970s one could say “QED was 30 years old”.
In 2003 we cannot but state that “QCD is 30 years young”.
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Confinement Mechanism(s?)

Hadrons are singlets under SU(3)color : No net color charge in asymptotic particle
states
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I Linear growth of the static quark-antiquark pair
Area-law falloff for the Wilson loop

I Gribov Confinement for light quarks
Analytical properties of the propagators in the infrared
Instability of the vacuum above a supercritical charge

α
crit
QED = 137 for a point-like nucleus

≈ 180 for a finite size nucleus

αcrit
QCD

π
= C−1

F

1−

√
2

3

 ≈ 0.137

I Light-Front AdS/QCD
quark and gluon chiral condensates confined!
→condensates contribution to the cosmological constant

already included in hadron mass

I Mass-Gap Millenium problem and Yang-Mills existence
$1M from the Clay Mathematical Institute
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Collider Energy Scenarios

Build on knowledge from

other colliders
HERA, RHIC, LHC

Fixed targets
SLAC, HERMES, COMPASS, JLab

Crucial ingredients:
polarizations
luminosity

Complementarity of energy runs
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Kinematic reach and QCD Landscape

Rich physics program

Position, Spin, Energy, Momentum
distributions of quarks and gluons

Origin Mass, Confinement, χSM
QCD and Gravity

Gluon saturation, jet radiophysics
QCD Bremsstrahlung

Nuclear Modifications
EMC Effect, SRC
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Kinematics reconstruction strategies at the EIC

*
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Resolutions for these different strategies

*
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Exclusive Reactions at the EIC
A brief overview of the detector design
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Conceptual Design of a detector package for EIC

Large acceptance package:
Ideally “100% acceptance”
1.7 T solenoid magnet

Notion of rapidity
related to the polar angle

η = −ln tan
(
θ
2

)

Notion of diffractive event
Rapidity gap between jets and
recoil target
Pomeron exchange in Regge
theory

14/46



Kinematical coverage in terms of rapidity

I The DIS cross section falls-off as ∼ 1/Q4

I High momenta are associated with high xB processes

I In general correlation between p and η
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Typical topology of a diffractive event
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Additional detectors in the far-forward and far-backward regions at ± 40 m
Crossing angle provides beam separation and space for detectors
Operation over large range of energies and luminosities
Design integrated into the beamline!
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Some Far Forward Processes at the EIC
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Some Far Forward Physics at the EIC
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Central Detector Overview
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How to design a general purpose spectrometer
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New EIC solenoid

22/46



Calorimeter Design Requirements
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Generalities on EM Shower: e vs γ

Notation: scale variables
t = x/X0 , y = E/Ec

distance in units of R.L.
energy in units of critical e.

ref: sect. 34.5 PDG 2020

Longitudinal profile of e. dep.

1

E0

dE

dt
=

b

Γ(a)
(bt)a−1 e−bt

Parameters given by:
b ≈ 0.5 (above Fe)
a−1
b

= lny ± 0.5

Toy Sampling Fraction:
integrate profile over (arbitrary?) samples
N.B: for illustration of e vs γ only
not meant as a serious estimate
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Hadronic Calorimeters
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Proximity Focusing RICH
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pfRICH PID and e/π/K/p separation

27/46



Far- Forward/Backward Instrumentation
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Far-Forward Detectors
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Streaming DAQ
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Installation Schedule

with the understanding that this is an evolving, current draft
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CFF local Fits at EIC
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EIC proton DVCS Observables∫
L Observables Ae,p

unpolarized 200 fb−1 σ ALU

L polarized 100 fb−1 AUL ALL

T polarized 100 fb−1 AUTx AUTy ALTx ALTy

e+ 100 fb−1 AC AC
LU

Nevents =
∫
L×σ×KPS

KPS = ∆xB∆Q2∆t∆φ

∆σ
σ

= 1√
Nevents

⊕ 5%

∆ALU = 1
Pe

√
1−P2

e A2
LU

N
⊕ 3%relative Pe = 70%

∆AUL = 1
Pp

√
1−P2

pA2
UL

N
⊕ 3%relative Pp = 70%

∆ALL = 1
PePp

√
1−P2

e P2
pA2

LL
N

⊕ 3%relative ⊕ 3%relative

∆AC =

√
1−A2

C
N
⊕ 3%relative

∆ALC = 1
Pe+

√
1−P2

e+ A2
LC

N
⊕ 3%relative Pe+ = 70%
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N.B. assumption on the luminosity

1 year = 365 days× 24 hours/day× 3600 s/hour = 3.15× 107 s ≈
1

3
× 108 s

L = 1034 cm−2s−1 = 1038 m−2s−1

∫
L = 1034 cm−2s−1 × 1 year ≈

1

3
× 1046 m−2

1 barn = 10−28 m2

1 fb = 10−43 m2

1 fb−1 = 1043 m−2

100 fb−1 = 1045 m−2

100 fb−1 ⇐⇒ 1 year at 1034 cm−2s−1 with contingency (≈ 3)

⇐⇒ 10 years at 1033 cm−2s−1

Luminosity is a potential challenge for exclusive reactions
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275 GeV × 18 GeV σ
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275 GeV × 18 GeV ALU

35/46



275 GeV × 18 GeV AC
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275 GeV× 18 GeV xB = 0.08± 0.02 Q2 = 329± 175 GeV2

Not shown here: ALL ALTx ALTy are small
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275 GeV× 18 GeV xB = 0.08± 0.02 Q2 = 329± 175 GeV2 − t = 0.05± 0.05 GeV2

note: statistics and systematics included
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Locally extracted Im CFF 275× 18 GeV2
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Locally extracted Re CFF 275× 18 GeV2
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High and Low energies runs
Kinematical coverage complementarity

Local extraction results:

Better Strategy:
global fit using DR and parameterizations for ImH and D(t)

note: subtraction constant: same for H and E, none for H̃ and Ẽ
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Towards Ji’s sum rule

Jq(t) =
1

2

∫ 1

−1
dx x [Hq(x , ξ, t) + Eq(x , ξ, t)]

independent of ξ but at fixed ξ

DVCS measures

ImH(ξ, t) = πH(ξ, ξ, t)

need another process to access the skewness
→ especially crucial at large xB

DDVCS?
JLab 12 luminosity upgrade?
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Impact of the positron beam
Enhanced sentivity to the Real part of the amplitude

Local extraction results:

low E: 40 GeV × 5 GeV

Improved sensitivity, and systematic checks
Also, in general opens up access to new physics (· · · )
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Pressure and Shear Sensitivities

Propagate uncertainties estimated with local fits using dispersion relation

Relevance of the large xB region to the dispersion analysis
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Nucleon structure for hadron-hadron colliders

I MultiParton Interaction first suggested in 1975
(Landshoff & Polkinghorne)

I Evidence in :
I high pT at the CERN/ISR and Tevatron
I intermediate pT : underlying event in Dijet and

Drell-Yann at CFD Run I and II, and at CMS
I Found to be necessary to tune low pT Pythia and

Herwig

I MPI more important at LHC is expected to challenge
many new physics search

I MPI can also be better studied at LHC for itself !

C. Weiss, L. Frankfurt, M. Strikman, Ann.Rev.Nucl.Part.Sci. 55 (2005) 403-465
Diehl, Ostermeier, Schäfer, “Elements of MPI in QCD”, DESY 11-196
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Summary / Outlook

I Rich physics program envisioned at the future EIC

I Today: just a sample in the school context, and with my personal biais

I Many aspects we did not discuss: computing, AI, accelerator physics...

I Synergy between:
I Fixed target experiments at JLab
I Future EIC at BNL
I Hadron hadron colliders

I Exciting opportunities for you!
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