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EIC: Virtuad Photon-Proton Collider

Perspective from the photon-proton collider frame

QCD Factorization: Interactions of Light-Front Wavefunctions of photon and proton

Virtual pboton structure function

variable spacelike photon virtuality
various primary flavors

q q plane aligned with lepton scattering plane ~ cos*¢



EIC: Virtuad Photow-Proton Collider
Perspective from the e-p collider frame

variable spacelike photon virtuality,
various primary flavors

photon and proton/nuclear fragmentation vs. central regions

Saturation, nuclear shadowing, antishadowing



c ¢ and y* virtuality act as a ‘drill’
1

2
07) ~ Q?x(1 —x) + M?

Color transparency: o(v*p) o< wma (b4 )

No nuclear shadowing at high Q2 or M2
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Two particle correlations: CMS results

“Discovery”
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for two hadrons in the intermediate 1 < p;, q; < 3 GeV



Possible ovigiv of same-side CMS ridge inp p Collisions

Bjorken, Goldhaber, sjb

/

Emitted
Hadrons

B —

High P1

. dN
Highest dn do

—

V = Z[cos 20;T + sin 2¢,;7]

1=1



Bjorken, Goldhaber, sjb

Multiparticle ridge-like correlations in very high multiplicity

proton-proton collisions

We suggest that this “ridge”-like correlations are a reflection

of the rare events generated by the collision of aligned flux
tubes connecting the valence quarks in the wave functions of
the colliding protons.

The “spray” of particles resulting from the approximate line
source produced in such inelastic collisions then gives rise to
events with a strong correlation between particles produced

over a large range of both positive and negative rapidity.

EIC:Variable plane and virtual photon size: enhanced

sensitivity to ridge mechanism




Scattered lepton produces flux-tube ivv lepton s scattering plane

Colliding flux-tubes prodiuce opposite-side ridge of hadvons
over full range of rapidity

Z/ Bjorken, Goldhaber, sjb

EIC: Control Ridge Dynamics

Ridge axes covrelated with leptonic scattering plane
1

b2 ) ~ . . .
(b1) Q2(1 — ) + M2 Small size domain activated



High Q2, high M2 virtual photon at LHeC acts as a precision, small bore,
linearly oriented, flavor-dependent probe acting on a proton or nuclear target.

Study final-state hadrovw mudtiplicity distributions;
ridges;, nuclear dependence; etc.



([ EIC “W-ProtonCollider” )

proton or ions

Only pawtially included by DGLAP inv protow pdf



EIC: Virtuad-Photon—Ion Collider

Inclusive c,b Electroproduction at the EIC

*

c — ¢ asymmetry from v* — Z* or pomeron/odderon interference

Interpretation: Charm quark in photon vs. beavy sea quark in proton?

Q Q Plane correlated with Electron Scattering Plane
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Coulomb Exchange analogous to diffractive excitation Ashe ry, et a |

Electromagmnetic Tri-Jet Excitatiow of Proton
ep — e Jet jet jet
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Coulomb Exchange analogous to diffractive excitation Ashe ry, et a |

Electromagmnetic Tri-Jet Excitatiow of Proton
ep — e Jet jet jet

Measwre light-front R
wowefunction of 81@ \If (ZL‘Q;, kJ_z', >\i)
protovw _
&
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Coulomb Exchange analogous to diffractive excitation Ashe ry, et a |
Electromagnetic Tri-Jet Excitatiow of Proton
ep — e Jet jet jet
Measwre light-front

wowefunction of 8kJ_ \IJ ($i7 EJ_i) >\z)
protovw

€
_f

Need Forwowd
Small Angle <
Detection
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Bawyonw made dirvectly within howd subbrocess

u
+
<
<4
Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2Nactive - 4
Explains Baryon Anomaly, Anomalous Powers
p neff= 8
d
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Boawyonw made divectly withinw hawd subprocess

uu — pd
u
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<
<4
Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2MNactive - 4
Explains Baryon Anomaly, Anomalous Powers
Neff= 8
EIC Pre-Town Meeting Novel EIC PhySiCS Stan Brodsky, SLAC

August 13, 2014 14



Boawyonw made divectly withinw hawd subprocess

Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2MNactive - 4
Explains Baryon Anomaly, Anomalous Powers
Neff= 8
EIC Pre-Town Meeting Novel EIC PhySiCS Stan Brodsky, SLAC

August 13, 2014 14



Boawyonw made divectly withinw hawd subprocess

Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2MNactive - 4
Explains Baryon Anomaly, Anomalous Powers
Neff= 8
EIC Pre-Town Meeting Novel EIC PhySiCS Stan Brodsky, SLAC

August 13, 2014 14



Bawyonw made dirvectly within howd sulbbrocess

Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2Nactive ~ 4
Explains Baryon Anomaly, Anomalous Powers
neff= 8
EIC Pre-Town Meeting Novel EIC Physics Stan Brodsky, SLAC

August 13, 2014 14



Bawyonw made dirvectly within howd sulbbrocess

uy — pd

Formatiow Time
propovtional to-Energy

Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2Nactive ~ 4
Explains Baryon Anomaly, Anomalous Powers
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Bawyonw made dirvectly within howd sulbbrocess

uy — pd

Formatiow Time
propovtional to-Energy

Small color-singlet
Color Trawnusparent
Minimal saume-side energy

A
u . _P’
<4
<4
Nactive = O
Sickles, Arleo, Hwang, sjb: Neff= 2Nactive - 4
Explains Baryon Anomaly, Anomalous Powers
neff= 8
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J.J. Aubert et al. [European Muon Collaboration], “Pro-
duction Of Charmed Particles In 250-Gev Mu+ - Iron In-
teractions,” Nucl. Phys. B 213,31 (1983).

First Evidence for
Intrinsic Charm
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Measuwrement of Chawrmu
Structuwre Function

J.J. Aubert et al. [European Muon Collaboration], “Pro-
duction Of Charmed Particles In 250-Gev Mu+ - Iron In-
teractions,” Nucl. Phys. B 213,31 (1983).
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week ending

PRL 102, 192002 (2009) PHYSICAL REVIEW LETTERS 15 MAY 2009

Measurement of ¥ + b + X and vy + ¢ + X Production Cross Sections
in pp Collisions at \/s = 1.96 TeV
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week ending

PRL 102, 192002 (2009) PHYSICAL REVIEW LETTERS 15 MAY 2009

Measurement of ¥ + b + X and vy + ¢ + X Production Cross Sections
in pp Collisions at \/s = 1.96 TeV
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PRL 102, 192002 (2009)
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week ending
15 MAY 2009

Measurement of ¥ + b + X and vy + ¢ + X Production Cross Sections
in pp Collisions at \/s = 1.96 TeV
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Hoyer, Peterson, Sakai, sjb

Intrinsic Heavy-Quawk Fock States
. (’LLRB >
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BY ¢
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¢ Rigorous prediction of QCD, OPE

U BG

~

®f QI

® Color-Octet Color-Octet Fock State d

* Probability p 00 MLC% Pogos ~ a2 Poo

e Large Effect at highx

PCE/p ~ 1%

® Greatly increases kinematics of colliders such as Higgs
production (Kopeliovich, Schmidt, Soffer, sjb)

¢ Underestimated in conventional parameterizations of
heavy quark distributions (Pumplin, Tung)

® Many EIC tests

17



e EMC data: c¢(z,Q%) > 30 x DGLAP
Q2 =75 GeV?, x = 0.42

e High zp pp — J/YX

o High zp pp — J/J /¥ X
e High zp pp — AcX

e High zp pp — N\p X

e High zp pp — =(ced) X (SELEX)

Interesting spin, charge asymmetry, threshold, spectator effects



Excitatiow of Intrinsic Heoavy Quawks inv Protowv

Amplitude maximal at small invariant mass, equal rapidity

LTp "~ 0.4

xy ~ 0.4
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Excitatiow of Intrinsic Heoavy Quawks inv Protowv

Amplitude maximal at small invariant mass, equal rapidity

o m_ Produce forward, high xp
! Z? m Y (bb), Ay (bud), BT (bu), B°(bd)
—_—
Ty N~ 0.4
xy ~ 0.4
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Excitatiow of Intrinsic Heoavy Quawks inv Protowv

Amplitude maximal at small invariant mass, equal rapidity

o my Produce forward, high xp
’ Z;L m, Y (bb), Ay (bud), BT (bu), Bo(bd)
Need Forward Small Angle Detection
——
Ty N~ 0.4
xy ~ 0.4
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Exclusive Open Charm and Bottom Production

c and u quark interchange



Light-Front Wavefunctions and Heavy-Quark Electroproduction

Coalescence of comovers produces |F' >= |A.D > Final State
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Light-Front Wavefunctions and Heavy-Quark Electroproduction
Fixed T=t+ z/c

Coalescence of comovers produces |F' >= |A.D > Final State



Light-Front Wavefunctions and Heavy-Quark Electroproduction

luudcedd)
)

"=laila

Coalescence of comovers at threshold produces
ZgL tetraquark resonance Bottom Tetraquowks
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Light-Front Wavefunctions and Heavy-Quark Electroproduction
Fixed T=t+ z/c

luudcedd)
)

Coalescence of comovers at threshold produces
ZgL tetraquark resonance Bottom Tetraquowks



Octoquarks and Heavy-Quark Electroproduction

luuddduce)

U
a
d
C
C
U,
4
U

Coalescence of comovers can produce the B = 42 () = +1 isospin partner
of the B = 42 @@ = +2 resonance |uuduudcé) which produces the large Ry in
p p elastic scattering
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Octoquarks and Heavy-Quark Electroproduction
Fixed T=t+ z/c
U :

luuddduce)

a
d
C
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U,
4
U

Coalescence of comovers can produce the B = 42 () = +1 isospin partner
of the B = 42 @@ = +2 resonance |uuduudcé) which produces the large Ry in
p p elastic scattering



Anti-Shadowing
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- 0.01
Shadowing

0.1

Novel EIC Physics

M. Hirai, S. Kumano and T. H. Nagai,
“Nuclear parton distribution functions
and their uncertainties,”

Phys. Rev. C 70, 044905 (2004)
[arXiv:hep-ph/0404093].

Stan Brodsky, SLAC
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> The one-step and two-step processes in DIS
q on a nucleus.
>
(0) :
A p
—— . N Coherence at small Bjorken zp :
— 1/Mzp =2v/Q? > Ly.
g
‘ \ 4
> If the scattering on nucleon Ny is via pomeron
q exchange, the one-step and two-step ampli-
(b) \ > tudes are opposite in phase, thus diminishing
9 the g flux reaching No.
X N, ";’E
—_—— — N, N,
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. The one-step and two-step processes in DIS
. ’ Oon a nucleus.

YO

Coherence at small Bjorken zp :
1/Mzp =2v/Q? > Ly.

\ y Regge

> v If the scattering on nucleon Nj is via pemeren

" q exchange, the one-step and two-step ampli-

(b) \ > tudes are eppestte-tA-phase—thus-eHmHishinRe

) & = = ' :
A constructive in phase
—_— N2 N, : : -

thus increasing the flux reaching N2
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. The one-step and two-step processes in DIS
on a nucleus.

’
C 4
YO

— . N Coherence at small Bjorken zp :
— 1/Mzp =2v/Q? > Ly.

\ v Regge
> v If the scattering on nucleon N is via pe+rreken
A , exchange, the one-step and two-step ampli-
(b) \ tudes are eppesteth—phase—thosdiratrishthe
@)= FReFHEKeICRRG—r
N constructive in phase
thus increasing the flux reaching N>

Reggeon DDIS produces nuclear flavor-dependent anti-shadowing
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Schmidt, Yang; sjb

Modifies
NuTeV extraction of

SiIl2 HW

Test in flavor-tagged
DIS at the EIC

Nuclear Antishadowing not universal !
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Novel QCD Physics at the EIC

® Control Collisions of Flux Tubes and Ridge Phenomena

® Study Flavor-Dependence of Anti-Shadowing
® Heavy Quarks at Large x; Exotic States

® Direct, color-transparent hard subprocesses and the baryon
anomaly

® Tri-Jet Production and the proton’s LFWF
® Odderon-Pomeron Interference

® Digluon-initiated subprocesses and anomalous nuclear
dependence of quarkonium production

® Factorization-Breaking Lensing Corrections
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