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INT workshop (Oct. 19 - 23, 2009)
 Organizers: D. Boer (Groningen)
                         M. Diehl (DESY) 
                         R. Venugopalan (BNL) 
                         W. Vogelsang (Tubingen)

 Attendance: ~ 50 participants from US, Europe and Japan
 Strong participation from BNL and Jlab communities
 - including Hugh Montgomery and Steve Vigdor

 Excellent talks on the wide range of physics topics relevant
to an EIC

 Several discussion sessions on physics / staging options / 
“golden measurements”

 Nice “warm up” to the INT 10 week long program next year: 
Sept. 14 - Nov. 19, 2010. Organizers as above + Richard Milner (MIT) 

Thanks to David Kaplan and INT Staff !!



Physics Agenda of Talks-I

 QCD overview:  Sterman

 Overview of physics measurements:  Aschenauer, Horn

 Accelerator issues: Bogacz (Jlab), Ptitsyn (BNL)

 Detector Issues: Lamont

 EIC in context of current and planned facilities: Weiss (Jlab 12 GeV), 
    Ullrich (RHIC+LHC Heavy Ions),  Sichtermann (RHIC spin), 
    Gradl (ENC@FAIR), Cole (LHeC)

 Parton Distribution Functions (pdfs): Blumlein, Kumano, Pisano, 
                                                                   Stratmann

 Leading Twist vs Higher Twist effects: Qiu, Strikman
                            

Talks online at: http://www.int.washington.edu/talks/WorkShops/int_09_43W/



Physics Agenda of Talks-II

 Semi-inclusive final states: Accardi, Kopeliovich, Qiu, Yuan

 Diffractive and Exclusive final states: Degli Atti, Kowalski,
                                                                     Lappi, Marquet, Tuchin

 Generalized Parton Distributions: Burkardt, Guzey,
                                                               D. Muller

 Hadronization, Fragmentation, Energy Loss: Accardi, Brooks,
                                                                                Stratmann, Wang

 Transverse Momentum Dependent Distributions (TMDs): Chen,
                                                                           Gamberg, Metz, Yuan

 Electroweak Physics: Kumar, Marciano, Ramsey-Musolf

 Factorization, Universality, low x Theory: Bartels, Gelis,
                                                        Kopeliovich, Kovchegov, Sterman



Physics Agenda of Talks-III
Discussion Sessions:

Staged EIC-prospects and physics goals
(Discussion Leaders: Montgomery/Vigdor)

EIC Science Goals and Measurements
(Discussion Leader: Rolf Ent)

Generalized Parton Distributions
(Discussion Leader: Markus Diehl)

Summary Discussion and Future Organization:

(Discussion Leader: Deshpande)



EIC QCD overview (Sterman):

Universal QCD physics

Degrees of freedom- “quanta” 
at high energy

Their momentum distribution,
space-time structure, spin,  
flavor composition and 
correlations

Their manifestation in high 
energy processes

 Factorization

Evolution

Resummation
Relevance to other fields: 
Heavy Ions/Cosmic Rays/
Nucl. Struct./ EW+BSM Physics/
Condensed Matter Physics,…

 Detailed questions about origins of 
    “bright matter” in the universe require high luminosity. 

 Extracting universal physics reliably requires high energy,
     multiple facilities,…

EFTs ?



Physics measurements: (Aschenauer,Horn)

HERAHERA semi-inclusive DISsemi-inclusive DIS
inclusive DISinclusive DIS

DiffractionDiffraction

electro-weakelectro-weak

4x1004x100 10x10010x100 20x10020x100 20x25020x250

exclusive DIS (DVCS)exclusive DIS (DVCS)

exclusive DIS (PS & VM)exclusive DIS (PS & VM)

4x504x50

x ~10x ~10-3-3 x ~10x ~10-5-5x ~10x ~10-4-4

 Both collider options can study “low” energies. Me.eRHIC can
    access higher energies as well. Many first measurements!

 Me.ELIC push for high luminosity ~ 1034.

 Exclusive processes need high luminosity. But reliable extraction
(read: factorization+ evolution) of relevant physics requires wide
kinematic reach as well; detailed simulations underway



Pdfs: (Blumlein,Stratmann,Kumano,Pisano)

Blumlein



Heavy quarks and glue in the proton (NNLO)
Alekhin,Blumlein,Klein,Moch



Stratmann

Proton Helicity Distributions

 Photon content of nucleon and its evolution (Pisano)
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Nuclear pdfs (Kumano)
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Leading Twist / Higher Twist  (Kumano,Strikman,Qiu)
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Strikman: diff. pdfs from HERA can constrain 
LT shadowing in nuclei-search for HT effects

Qiu: particular class of HT effects
-window of applicability small compared
to “dipole” approach

No window for 
evolution!



Semi-inclusive final states (Kopeliovich,Yuan)

Extract saturation scale from pT broadening
in SIDIS in dipole picture (Kopeliovich)

Ratio relative to that at 10-2
SIDIS in TMD approach (Yuan)

At small x, 
identical to dipole approach
-sensitive to saturation effects…



Coherent+Incoherent Diffraction (Strikman,Lappi,Marquet,
                                                          Tuchin)

Diff. scattering of dipole on A
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 diffraction directly sensitive to
     HT / saturation with increasing energy
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Marquet: Detailed studies of 
exclusive VM production
sensitive to QCD evolution of 
multi-parton correlations 
(Bartels,Gelis,Kovchegov)



Lappi: striking pattern of enhancement/
suppression of diff. structure fns.

Strikman:LT prediction- however
initial conditions are “dipole like” 

Breakup= Coherent+Incoherent
Non-Breakup= Incoherent



Probing partonic structure of short range nuclear
Forces (Kowalski,Degli Atti)

Photo-production off 
J/ψ sensitive to 
parton correlations at 
small t

Caldwell-Kowalski



Generalized Parton Distributions (Muller,Burkardt,Guzey)

Sterman

Impact parameter 
dependent dists.

Hagler et al

Impact parameter dists. in ⊥ pol.
nucleon deformed compared to 
long. pol. nucleon

measure of deformation



Nuclear GPDs (Guzey)

Discussion: How does one go beyond models? EFT ?
 What is the predictive power-can information from GPDs
 provide insight into hadronic scattering?



Transverse Momentum Dependent Distributions (TMDs)
(Burkardt,Chen,Metz,Gamberg,Yuan)

Sivers effect

Non-zero only with final state interactions (FSI)

FSI transforms position space 
distortion of quarks into momentum 
space asymmetries

Boer-Mulders effect

Lots of interesting information on spin-orbit, 
spatial correlations-is this universal ? 
How do factorization/evolution/resummation work?
Gluon TMDs              EIC



Fragmentation,Hadronization,Energy Loss 
(Accardi,Brooks,Stratmann,Wang)

Accardi

Extensive physics program
-including first measurements of 
Jets in nuclear DIS!



Electroweak+Beyond Standard Model 
(Kumar,Marciano,Ramsey-Musolf)

e-

N X

e-

Z* γ*

 d(x)/u(x):  large x Electroweak test: e-q couplings & sin2θW

Higher Twist:  qq and
qqg correlations

Charge sym
in pdfs
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Kumar: extract parity violating structure functions from 
e- scattering on polarized hydrogen, deuterium & 3He 

Musolf

Lepton # violation

Exciting potential: to be explored!



Summary

 Talks suggest rich physics program

 Few detailed studies - especially for less   than
fully inclusive final states

 Topical working groups - to present results at
dedicated workshop at end of INT program?


