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1967 SLAC txperiment:
Scakter 20 GeV/c Electrons o protons
i av Hydrogenw Target
Discovery of the Quawk Structure of Matter
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Discovery of quarks!

Deep inelastic scattering: Experiments on the proton .e-
and the observation of scaling”

Friedman, Kendall, Taylor: Nobel Prize
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Measure rate as a function of energy loss v and A
Scaling at fixed zg;orken = Q
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Discovery of Bjovken Scaling
Electrow scatters on point-like quarks!

® Key Probe of QCD: Lepton-Nucleon, Lepton-Nucleus Scattering
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Two Pictures of High Energy
Lepton-Proton Collisions

Infinite momentum frame,  Parton Model

Simple Virtual Photon Probes Complex Evolved Proton

Proton Rest Frame Color-Dipole Model

Color Dipole of Virtual Photon Scatters on a Complex Static Proton
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Deep Inelastic Electron-Proton Scattering

Gluonic
Bremwmstranlung

DGLAP Evolution

g I
jet
Simple Virtual Photon Probes Complex Evolved Proton
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DIS and DVCS
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Deep Inelastic tlectron-Protow Scattering

Gluonic
Bremwmstrahdung

DGLAP Evolution

P

g R
jet
Off-shell Tffect: Breakdoww of DGLAP at x ~1 !
Modifications fromv FSI !
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Two Pictures of High Energy
Lepton-Proton Collisions

Infinite momentuwm frame Parton Model

Simple Virtual Photon Probes Complex Evolved Proton

Protonw Rest Frame Color-Dipole Model
Color Dipole of Virtual Photon Scatters
on a Complex Static Proton
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BFKL Hard
Pomeron-Odderon
Exchange

Color Dipole of Virtual Photon Scatters on a
Complex Static Proton
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p(P’)
BFKL hawrd pomeror
+ BLM NLO scale fixd
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Diffractive Processes

Unitowrity Bound?
Satuwration?

Hard Diffraction
Yp — Tp

Y'P — pp
Odderon
Y'p— 7P

Stan Brodsky, SLAC
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Three Pictures of High Energy
Lepton-Proton Collisions

Infinite momentuwm frame Parton Model

Simple Virtual Photon Probes Complex Evolved Proton

Protovw Rest Frame Color-Dipole Model

Color Dipole of Virtual Photon Scatters on a Static Proton

Light-Front
Frame-Independent HamiltonianTheory

Collision of Light-Front VWavefunctions
of Virtual Photon and Proton
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LF time of first interaction

Universals
Frame-Independent
Light Front
virtual photonw and
proton Wawvefunctions
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pA:<P+7 P+ J_agJ_)
Mg 407 -
PB = (P—I_? BP—I— J_a_gl)

Both beams move along the positive z direction, and s = (p4 + pp)? =
2M34 +2M#% +40% is represented by the oppositely directed transverse momenta

+/¢, of the colliding nuclei.

Note that the value of PT is irrelevant.

As 7 progresses, the constituents from A and B each interact as their coor-
dinates o; and b 14 overlap.
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Luminosity (10%cm™@s™)
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JLalb-and BNL Plans

5-10 GeV static electron 1mg

X

recirculating linac myector
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VSep > 1 TeV

LHeC
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The TeV Scale [2008-2033..]

PP

W,Z,top
Higgs??
New Particles??
New Symmetries?

LHC

—

/ New Particles ete-
High Precision QCD and Interactions

High Density Matter ttbar
Higgs??
Substructure?? | \ Spect 08cony??
eq-Spectroscopy??  / P Py«
L HeC Comparable Rea,dfv ILC/CLIC
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ST-CE

18/04/2003

: UNDERGROUND WORKS
Point 5

Point |

"“" | LHeC

LHC-b

An electron ring would have to bypass experiments. P3 and 6, perhaps
An electron linac would be largely decoupled from the LHC. In any case, s LHC Project Structures
an ep/eA interaction region by then would have to be in P2 or/and P8.

pm Existing Structures

Plenary ECFA, LHeC, Max Klein, CERN 30.11.2007
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1-ATLAS

alternative sites

e* Linac - p/A Ring

ring-linac ring-linac, cw ,
pulsed ~99% energy
recovery
units e- ) e- p

energy GeV 70 | 7000 70 7000
punch 10" 2 17 2 17
population
G cm 0.03 | 7.55 | 0.03 7.55
beam current mA 101 | 858 101 858
(pulsed)
emittance gxy | DM 0.5,0.5
B*ey cm 15,15
spacing ns 25
e-linac/ring km 3.5 7 (2 linacs)
length
e- pulse length 1 ms cW
repetition rate 5Hz continuous
e- beam power | MW 35 7000
peak 10 0.6 2x110
luminosity em s

S. Chattopadhyay (Cockcroft), F.Zimmermann (CERN), et al.
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Inclusive Higgs Electroproduction at the LHeC
from the Neutral Current
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Inclusive Higgs Electroproduction at the LHeC
from the Charged Current
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Inclusive Top Electroproduction at the LHeC
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Inclusive Higgs Electroproduction at the LHeC
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Inclusive Higgs Electroproduction at the LHeC
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Diffractive Higgs Electroproduction at the LHeC

Kopeliovich, Schmidet, sjb
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