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Project Milestones

2007: Invitation by SPC to ECFA and by (r)ECFA to work out a design concept
2008: First CERN-ECFA Workshop in Divonne (1.-3.9.08)

2009: 2" CERN-ECFA-NuPECC Workshop at Divonne (1.-3.9.09)

2010: Report to CERN SPC (June)

3'd CERN-ECFA-NuUPECC Workshop at Chavannes-de-Bogis (12.-13.11.10)
NuPECC puts LHeC to its Longe Range Plan for Nuclear Physics (12/10)

2011: Draft CDR (530 pages on Physics, Detector and Accelerator) (5.8.11)
being refereed and updated

2012: Publication of CDR — European Strategy
New workshop (tentatively in May 10-11, 2012) LH.C

Goal: TDR by 2014
Perspective: Operation by 2023 (synchronous with pp)
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|. Deep Inelastic Scattering, HERA,LHC and Physics at the LHeC



nanmanan The basic experimental set ups:
® no Initial hadron (...LEP, ILC, CLIC)

® 1 hadron (...HERA, LHeC)

® 2 hadrons (...SppS, Tevatron, LHC)

Progress In particle physics
needs their continuous
interplay to take full
advantage of their
complementarity

G.Altarelli, LHeC Workshop Divonne 9/08




The Fermi Scale [1985-2010]

PP

b quark

top quark
My, H?

Tevatron

€p

ete-

The Standard
Model Triumph

gluon
h.o. strong
c,b distributions
high parton densities

M, , sin?®
3 neutrinos
h.o. el.weak (t,H?)

LEP/SLC

HERA



Deep Inelastic Scattering
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In DIS the inclusive

cross section depends

on two variables, the
negative 4-momentum
transfer squared (Q?),
which determines the
resolving power of the
exchanged particle in
terms of p substructure,
and the variable

Bjorken x, which Feynman
could relate to the fraction
of momentum of the proton
carried by a parton [in
what he called the

‘infinite momentum frame’
in which the transverse
momenta are neglected].

Feynman’s partons were
readily linked to Gell-Mann
and Zweig’s quarks.

This process has been for
20 years recently been
investigated at HERA.

Deep inelastic scattering resolves the nucleon structure. If s is high: produce new states
Kinematics is determined with scattered electron or with HFS = high precision due to redundancy
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Results from HERA

H1 and ZEUS HERA I+II PDF Fit

Q*=10 GeV?
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The weak and electromagnetic interactions
reach similar strength when Q%> 2 M?, ,

Measurements on a,, Basic tests of QCD: longitudinal structure function, jet production, y structure
Some 10% of the cross section is diffractive (ep = eXp) : diffractive partons; c,b quark distributions
New concepts: unintegrated parton distributions (k;) , generalised parton distributions (DVCS)

New limits for leptoquarks, excited electrons and neutrinos, quark substructure, RPV SUSY
Interpretation of the Tevatron measurements (high Et jet excess, M,,, searches..)

M.Klein, RYoshida: Collider Physics at HERA Prog.Part.Nucl.Phys. 61 (2008) 343-393 and recent H1,ZEUS results



What HERA could not do or has not done

HERA
the first ep collider

E,*E,=
920+27.6Ge\V?
Vs=2VE,E =320 GeV

L=1..4 1031cm2s1
- 31=0.5fb?
1992-2000 & 2003-2007

Q?=[0.1--3*10%] GeV?
-4-momentum transfer?

x=Q2/(sy) =104..0.7
Bjorken x

y=0.005..0.9
inelasticity

Test of the isospin symmetry (u-d) with eD - no deuterons
Investigation of the g-g dynamics in nuclei - no time for eA
Verification of saturation prediction at low x —too low s
Measurement of the strange quark distribution —too low L
Discovery of Higgs in WW fusion in CC — too low cross section
Study of top quark distribution in the proton —too low s
Precise measurement of F —too short running time left
Resolving d/u question at large Bjorken x — too low L
Determination of gluon distribution at hi/lo x — too small range
High precision measurement of o, — overall not precise enough
Discovering instantons, odderons — don’t know why not
Finding RPV SUSY and/or leptoquarks — may reside higher up

The H1 and ZEUS apparatus were basically well suited
The machine had too low luminosity and running time

HEP needs a TeV energy scale machine with 100 times
higher luminosity than HERA to develop DIS physics
further and to complement the physics at the LHC. The
Large Hadron Collider p and A beams offer a unique
opportunity to build a second ep and first eA collider
at the energy frontier.

LEP-LHC studies, J.Dainton et al. “DIS at the LHC”, JINST 1 (2006) P10001



Complementing the LHC with ep/A
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In Drell-Yan kinematics: mass and rapidity relate to Q% and x

LHC partons: W,Z +c,b new constraints
but severely limited in x,Q? range

Discoveries at the LHC will be at high
masses: large x and very high Q?
which require high s, lumi of LHeC
for precision PDFs (u,d,xg mainly)

If the Higgs exists, its study will
become a major field of research:
ep: WW-> H - bbar (CP odd/even?)

top distribution in the proton TDF

IF RP is violated and LQ or RPV SUSY
discovered: LHeC is uniquely suited

AA: QGP: study initial state in eA
Resolve parton distributions in nuclei

LHeC is unique in various areas, e.g.:
Low x and saturation physics
Strong coupling constant to 0.1% level
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Gluon distribution at @2 = 1.9 GeV?
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Figure 4.17: Relative uncertainty of the gluon distribution at Q% = 1.9 GeV?, as resulting from an NLO QCD
fit to HERA (I) alone (green, outer), HERA and BCDMS (crossed), HERA and LHC (light blue, crossed)
and the LHeC added (blue, dark). Left: logarithmic z, right: linear x.

Precision measurement of gluon density to extreme x = o,
Low x: saturation in ep? Crucial for QCD, LHC, UHE neutrinos!
High x: xg and valence quarks: resolving new high mass states!
Gluon in Pomeron, odderon, photon, nuclei.. Local spots in p?
Heavy quarks intrinsic or only gluonic?




Strong Coupling Constant

Simulation of a, measurement at LHeC

DIS tends to be lower than world average
Recently challenged by MSTW and NNPDF — jets??
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Two independent analyses performed

o, least known of coupling constants
Grand Unification predictions suffer from da,
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_ LHeC: per mille accuracy - independent of BCDMS.
Challenge to experiment and to h.o. QCD 2>
A genuine DIS research programme rather than
7 one outstanding measurement only.
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J.Bluemlein and H. Boettcher, arXiv 1005.3013 (2010)



Treatment of charm influences a,

LHeC F,c¢c (RAPGAP MC, 7 TeV x 100 GeV, 10 b, e =0.1)
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Beauty - MSSM Higgs

(b) LHC,s =14 TeV, MSSM, tanB=10
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In MSSM Higgs production is b dominated

HERA: First measurements of b to ~20%
LHeC: precision measurement of b-df
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x(s+3)(x, Q%= 1.9 GeV?)

Strange and Valence Quarks
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CC - events

Top and Top Production in Charged Currents

CC rates at LHeC
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High Parton Densities

= A
E saturation 9
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The study of deep inelastic ep scattering is important for the investigation of the nature of the Pomeron
and Odderon, which are Regge singularities of the t-channel partial waves f;(f) in the complex plane of the
angular momentum j. The Pomeron is responsible for a growth of total cross sections with energy. The
Odderon describes the behaviour of the difference of the cross sections for particle-particle and particle-
antiparticle scattering which obey the Pomeranchuck theorem. In perturbative QQCD, the Pomeron and
Odderon are the simplest colorless reggeons (families of glueballs) constructed from two and three reggeized
gluons, respectively. Their wave functions satisfy the generalized BFKL equation. In the next-to-leading
approximation the solution of the BFKL equation contains an infinite number of Pomerons and to verify
this prediction of QCD one needs to increase the energy of colliding particles. In the N=4 supersymmetric
generalization of QCD, in the t'Hooft limit of large N,., the BFKL Pomeron is equivalent to the reggeized
graviton living in the 10-dimensional anti-de-Sitter space. Therefore, the Pomeron interaction describing
the screening corrections to the BFKL predictions, at least in this model, should be based on a general
covariant effective theory being a generalization of the Einstein-Hilbert action for general relativity. Thus,

the investigation of high energy ep scattering could be interesting for the construction of a non-perturbative
approach to QCD based on an effective string model in high dimensional spaces.

Lev Lipatov in the CDR...



Electron-lon Scattering

nuclear DIS - Fu(x,Qz)

Proposed facilities:

[ ] LHeC
[ ] emHIC

Fixed-target data:
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10*
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X

EIC programme:

see recent workshop arXiv:1108.1713 [nucl-th]

Dipole models predict saturation which
resummation in pQCD moves to lower x..
It requires highest energy, low x, Q>>M?

Saturation at the LHeC is predicted to be

observed both in ep AND in eA.
This combination is crucial to disentangle
nuclear from unitarity effects.

Expect qualitative changes of behaviour

- Black body limit of F,
- Saturation amplified with A/3
- Rise of diffraction to 50%"? ....

Below x ~ 102: DIS data end. NO flavour
separation yet. However indications are
that e.g. shadowing is flavour dependent.

Deuterons: tag spectator,
relate shadowing-diffraction (Gribov)!
stabilise QCD evolution (singlet!)

Neutron (light sea, UHE neutrinos, QPM)

22
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In-medium Hadronisation

The study of particle production in eA (fragmentation functions and hadrochemistry)
allows the study of the space-time picture of hadronisation (the final phase of QGP).

Low energy (v): need of

hadronization inside.
Parton propagation: pt broadening
Hadron formation: attenuation

High energy (v): partonic
evolution altered in the
nuclear medium.

W.Brooks, Divonne09

LHeC:
+ study the transition from small to high energies in much extended range wrt. fixed target data
+ testing the energy loss mechanism crucial for understanding of the medium produced in HIC

+ detailed study of heavy quark hadronisation ...



The TeV Scale [2010-2035..]

PP

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

LHC

ete-
New Physics
High Precision QCD | y fctbar
High Density Matter ! Higgs??
Substructure?? / \ Spectroscopy??
eq-Spectroscopy??
ILC/CLIC

LHeC



Il. Accelerator and Detector



LHeC Accelerator Design: Participating Institutes
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Electron Beam -Two Options
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Bypassing ATLAS

For the CDR the bypass concepts
were decided to be confined to

ATLAS and CMS
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TABLE II REPRODUCIBILITY OF MAGNETIC FIELD OVER 8 CYCLES

Model Low field  High fields
Maximum Relative Deviation from Average
Model 1 (NiFe steel) 5-10° 4-10°
Model 2 (Low carbon steel) 6-10° 6-10°
Model 3 (Grain oriented 3.5% Si steel) 4-10° 6-10°
Standard Deviation from Average
Model 1 (NiFe steel) 3-10° 3-10°
Model 2 (Low carbon steel) 4-10° 5-10°
Model 3 (Grain oriented 3.5% Si steel) 2-10° 4-10°

Prototypes from BINP and CERN: function to spec’s

535m
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16 Civil Enencering and Servioe Linac Infrastructure LH.C

101 Overview . . . . . . ... .. .. ... ....
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1021 Locstion . . . ... ............ U hec=U /3 1 1.5 x HERA
10.2.2 Land Features
1023 Geology - - . .. . .. .. ... ....
1024 Site Development . . . . . . . ... ...
1025 Construction Methods . . . . . . .. ..
10.3 Civil Engineering Layouts for Ring-Ring . . . .
10.4 Civil Engineering Layouts for Linac-Ring
10.5 Summary
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LHC Emittance growth - ok
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360 separation at 3.5m - ok
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Figure 10.11: View on the ERL placed inside the LHC ring and tangential to IP2. TI2 is the injection line
into the LHC. The insert shows the view towards IP2, which currently houses the ALICE experiment, from
the direction of the protons colliding with the electron beam incoming from behind.



9 System Design

9.1 Magnets for the Interaction Region . . . . .
9.1.1 Introduction . ............
9.1.2 Magnets for the ring-ring option . .
9.1.3 Magnets for the linac-ring option . .

9.2 Accelerator Magnets . . . . ... ......
9.2.1 Dipole Magnets . . . . ... .....
9.22 BINP Model . ............
923 CERNModel . .. ..........
9.2.4 Quadrupole and Corrector Magnets

9.3 Ring-Ring RF Design . . ..........
9.3.1 Design Parameters . . . . ... ...
9.3.2 Cavities and klystrons . . . .. ...

9.4 Linac-Ring RF Design . . . ... ... ............
9.4.1 Design Parameters . . . ... ... ... .......
9.4.2 Layout and RF powering . . .............
943 ArcRFsystems ... .................

9.5 Crab crossing for the LHeC . . . . ... ... ... .....
9.5.1 Luminosity Reduction . . . ... ... ........
9.5.2 Crossing Schemes . . . . ... ... ... .......
953 RF Technology . ... ... ... ... .........

9.6 Vacuum . .. ... . ... ... ...
9.6.1 Vacuum requirements . . . ... .. .........
9.6.2 Synchrotron radiation . .. ..............
9.6.3 Vacuum engineering issues . . . . . . ... ... ...

9.7 Beam Pipe Design . . . ... ... ... ...........
9.71 Requirements . ... .................
9.7.2 Choice of Materials for beampipes . ... ... ...
9.7.3 Beampipe Geometries . . . . .. ... ... ... ..
9.7.4  Vacuum Instrumentation . . .. ... ... .. ...
9.7.5  Synchrotron Radiation Masks . . .. ... ... ..
9.7.6 Installation and Integration . . . .. ... ... ...

9.8 Cryogenics. . . . . .

Cryogenics

Table 2: Components of the Electron Accelerators

Ring Linac
magnets
beam energy 60 GeV
number of dipoles 3080 3600
dipole field [T] 0.013 — 0.076 0.046 — 0.264
total nr of quads 866 1588
RF and cryogenics
number of cavities 112 944
gradient [MV/m] 11.9 20
RF power [MW] 49 39
cavity voltage [MV] 5 21.2
cavity R/Q [©2] 114 285
cavity Qp - 2.5 1010
cooling power [kW] 54@4.2K 30@2K
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"3-0e11 721 MHz cavities in individual 2 K bath

systems will consist of a complex task. Further cavities and cryomodules will require a limited
R&D program. From this we expect improved quality factors with respect to today’s state
of the art. The cryogenics of the L-R version consists of a formidable engineering challenge,
however, it is feasible and, CERN disposes of the respective know-how.

from CDR LHeC
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LHeC Detector Overview

Muon Detector

Solenoid

Detector option 1 for LR and full acceptance coverage

Forward/backward asymmetry in energy deposited and thus in geometry and technology
Present dimensions: LxD =14x9m2 [CMS 21 x 15m?, ATLAS 45 x 25 m?]
Taggers at -62m (e),100m (y,LR), -22.4m (y,RR), +100m (n), +420m (p)




Detector Magnets

Figure 13.13: Magnetic field of the magnet system of solenoid and the two internal superconducting dipoles
at nominal currents (effect of iron ignored). The position of the peak magnetic field of 3.9 T is local due to
the adjacent current return heads on top of the solenoid where all magnetic fields add up.

Dipole (for head on LR) and
solenoid in common cryostat,
perhaps with electromagnetic LAr

3.5T field at ~1m radius to house
a Silicon tracker

Based on ATLAS+CMS experience

Property Parameter value unit
Dimensions Cryostat inner radius 0.900 m
Length 10.000 m
Outer radius 1.140 m
Coil windings inner radius 0.960 m
Length 5.700 m
Thickness 60.0 mm
Support cylinder thickness 0.030 m
Conductor section, Al-stabilized NbTi/Cu + insulation | 30.0 x 6.8 mm?>
Length 10.8 km
Superconducting cable section, 20 strands 124 x 24 | mm?
Superconducting strand diameter Cu/NbTi ratio = 1.25 1.24 mm
Masses Conductor windings 5.7 t
Support cylinder, solenoid section + dipole sections 5.6 t
Total cold mass 12.8 t
Cryostat including thermal shield 11.2 t
Total mass of cryostat, solenoid and small parts 24 t
Electro-magnetics Central magnetic field 3.50 T
Peak magnetic field in windings (dipoles off) 3.53 T
Peak magnetic field in solenoid windings (dipoles on) 39 T
Nominal current 10.0 kA
Number of turns, 2 layers 1683
Self-inductance 1.7 H
Stored energy 82 MJ
E/m, energy-to-mass ratio of windings 14.2 kJ/kg
E/m, energy-to-mass ratio of cold mass 9.2 kJ/kg
Charging time 1.0 hour
Current rate 2.8 A/s
Inductive charging voltage 2.3 A%
Margins Coil operating point, nominal / critical current 0.3
Temperature margin at 4.6 K operating temperature 2.0 K
Cold mass temperature at quench (no extraction) ~ 80 K
Mechanics Mean hoop stress ~ 55 MPa
Peak stress ~ 85 MPa
Cryogenics Thermal load at 4.6 K, coil with 50% margin ~ 110 W
Radiation shield load width 50% margin ~ 650 W
Cooling down time / quench recovery time 4and 1 day
Use of liquid helium ~15 g/s

Table 13.1: Main parameters of the baseline LHeC Solenoid providing 3.5T in a free bore of 1.8 m.




Silicon Tracker and EM Calorimeter

Transverse momentum
Apt/pzt - 6 104 GeV1? Central Pixel Tracker
transverse 4layer CPT: f:IST - OR 3ic=m27a2ch
'mpact parameter min-innerR = 3.1 cm - ayer-inner S em Central Forward/Backward Tracker
. _ 2.layer: =25.6cm
max-inner-R = 0.9 cm 3 layer- =312
~> 10um -layer: ~312cm 4 CFT/CBT
AR =15.ecm 4. layer: =36.7 cm min-inner-R = 3.1 em, max-inner-R= 10.9 ¢
i 5. layer: =427 cm ) i

Forward Si Tracker Backward Si Tracker

FST - AZ=8.cm BST - AZ=8.cm

min-inner-R = 3.l e¢m; max-inner-R= 10.9 cm min-inner-R = 3.| cm; max-inner-R= 10.9 cm
outer R = 46.2 cm outer R =46.2 cm

Planes |-5: Planes |-3:

zs.1 = 370./330./265./ 190./ 130.cm z1.3=-130./ -170./ -200. cm

Figure 13.18: Tracker and barrel Electromagnetic-Calorimeter rz view of the baseline detector (Linac-Ring
case).




Liquid Argon Electromagnetic Calorimeter

Inside Coil

, ATLAS

H1

ter

rime

Hadronic Calo

experience.

,20 Xy, 11m3

: Pb

Barrel

fwd/bwd inserts:

FEC: Si-W, 30X,,0.3m3

~Solenoi

BEC: Si -Pb, 25 X,,0.3m3

Figure 13.30: z-y and r-z view of the LHeC Barrel EM calorimeter (green).
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Figure 13.35: View of the parallel geometry accordion calorimeter (left) and simulation of a single electron

shower with initial energy of 20 GeV (right).

Figure 13.36: LAr accordion calorimeter energy resolution for electrons between 10 and 400 GeV.

GEANT4 Simulation



Hadronic Tile Calorimeter

E-Calo Parts | FEC1 | FEC2 | | EMC | | BEC2 | BEC1 |
Min. Inner radius R [cm] 3.1 21 48 21 3.1
Min. polar angle # [°1] 0.48 3.2 6.6/168.9 1742 | 179.1
Max. pseudorapidity i 5.5 3.6 2.8/-2.3 -3. -4.8
Outer radius [em] 20 46 88 46 20
zlength [em] 40 40 660 40 40
Volume [m?] 0.3 11.3 0.3
H-Calo Parts barrel | | | FHC4 | HAC | BHCA | | |
Inner radius [em] 120 120 120
Outer radius [em] 260 260 260
zlength [em)] 217 580 157
Volume [m3) 121.2

| H-Calo Parts Inserts | FHC1 | FHC2 | FHCS | | BHC3 | BHC2 | BHC |
Min. inner radius R [em] 11 21 48 48 21 11
Min. polar angle 6 [°1| 043 29 6.6 169. 175.2 | 179.3
Max/min pseudorapidity 7 5.6 3.7 2.9 24 -3.2 -5.
Outer radius [em)] 20 46 88 88 46 20
zlength [em] 177 177 177 117 117 117
Volume [m?] 4.2 2.8

Table 13.6: Summary of calorimeter dimensions.

The electromagnetic barrel calorimeter is currently represented by the barrel part EMC (LAr-Pb module);
the setup reaches X = 25 radiation length) and the movable inserts forward FEC1, FEC2 (Si-W modules
(X == 30) and the backward BEC1, BEC2 (Si-Pb modules; X; = 25).

The hadronic barrel parts are represented by FHC4, HAC, BHC4 ( forward, central and backward -
Scintillator-Fe Tile modules; \; = 8 interaction length) and the movable inserts FHC1, FHC2, FHC3 (Si-W
modules; \; = 10), BHC1, BHC2, BHC3 (Si-Cu modules, A; = 8) see Fig. 13.9.

Hadronic Calorimeter -3.6m

Outside Coil: flux return
Modular. ATLAS experience.
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3.37: Accordion and Tile Calorimeter energy resolution for pions with and without 14cm Al block.

Combined GEANT4 Calorimeter Simulation
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Tentative Time Schedule

Year 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Magnet pre-
series

Legal

preparation

Civil engineering

LS3 --- HL LHC

>

We base our estimates for the project time line on the experience of other projects, such as
(LEP, LHC and LINAC4 at CERN and the European XFEL at DESY and the PSI XFEL)

from draft CDR



Draft LHC Schedule for the coming decade

| 2010 2011 | 2012 | 2013 | 2014 | 2015 | 2016
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LHC ; tan LS1

Machine: Splice C lidation &
Collimation inIR3

ALICE - detector completion

ATLAS - Consolidation and new forward
beam pipes

CMS - FWD muons upgrade +
Consolidation & infrastrastructure

X-Masmamtenance

LHCb - consolidations |

?Cryo-collimation point |

wiectors ] | o | OPORR [ i [ | i

SPS upgrade | ?SPS-LINAC4 connection & ? PSB energy upgrade |

[ 2016 | 2017 | 2018 | 2019 [ 2020 | 2021 | _
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g ALICE - Inner vertex system g g - )
b 9 Installation of
CMS - Now Pixol. Now HCAL E £ LHeC
Photodetectors. Completion of x > e
FWD muons upgrade Preparation for
LHCb - full trigger upgrade, new HE-LHC
vertex detector etc.

wiectors [ RDDIRDIN]  DERRRRRRR | o] s famme |

Figure 11.1: CERN medium term plan (MTP), draft as of July 2011
as shown by S. Myers at EPS 2011 Grenoble



M.Klein at IPAC11

Table 1: Parameters of the RR and RL Configurations
Ring Linac
electron beam
beam energy E. 60 GeV
e~ (e*) per bunch N, [107] 20 (20) 1(0.1)
e~ (e™) polarisation [%] 40 (40) 90 (0)

bunch length [mm] 10 0.6
tr. emittance at IP ')"eivy [ mm] 0.58, 0.29 0.05
IP 3 function 3;,-__3, [m] 0.4, 0.2 0.12

beam current [mA] 131 6.6
energy recovery intensity gain — 17
total wall plug power 100 MW

syn rad power [kW] 51 49
critical energy [keV] 163 718

proton beam

beam energy E, 7 TeV
protons per bunch N, 1.7 -101!
transverse emittance yef 3.75 pm
collider

Lum e p (eTp) [10*2cm—2s7 1] 9 (9) 10 (1)
bunch spacing 25 ns

rms beam spot size 0. 4 [prm] 30,16 7
crossing angle # [mrad] 1 0
L.y =AL_.4[10%2cm2s71] 0.3 1

Both the ring and the linac are feasible and both
come very close to the desired performance.

The pleasant challenge is to soon decide for one.

CERN-ECFA-NUPECC:

CDR Draft (530pages) being refereed
Publish spring 2012

Steps towards TDR (tentative)
-Prototype IR magnet (3 beams)
-Prototype Dipole (1:1)
-Develop Cavity/Cryomodule
-Civil Engineering, ...

Build international collaborations
for the accelerator and detector
development. Strong links to ongoing
accelerator and detector projects.

The LHC offers the unique perspective
for a further TeV scale collider. The
LINAC’s are of about 2mile length, yet
the Q2 is 10° times larger than was
achieved when SLAC discovered quarks.
Particle physics needs pp, Il and ep.
Here is a realistic prospect to progress
You are cordially invited to join
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Luminosity (10%°cm?s™)

Deep Inelastic Scattering - History and Prospects

History of Deep Inelastic Scattering

Lepton-Proton Scattering Facilities £ r
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Why an ep/A Experiment at TeV Energies?

1. For resolving the quark structure of the nucleon with p, d and ion beams
QPM symmetries, quark distributions (complete set from data!), GPDs, nuclear PDFs .
2. For the development of perturbative QCD [37-28-15]
NKLO (k>2) and h.o. eweak, HQs, jets, resummation, factorisation, diffraction
3. For mapping the gluon field

Gluon for ~¥10= < x <1, is unitarity violated? J/, F.S, ... unintegrated gluon

4. For searches and the understanding of new physics
GUT (a, to 0.1%), LQs RPV, Higgs (bb, HWW) ... PDFs4LHC... instanton, odderon,..?

5. For investigating the physics of parton saturation

Non-pQCD (chiral symm breaking, confinement), black disc limit, saturation border..

..For providing data which could be of use for future experiments [Proposal for SLAC ep 1968]



Summary of Design Parameters

electron beam RR LR LR
e- energy at IP[GeV] 60 60 140 proton beam RR LR
luminosity [1032 cm2s1] 17 10 0.44 bunch pop. [101!] 1.7 1.7
polarization [%] 40 90 90 tremit.ye, , [um] 3.75 | 3.75
bunch population [10°] 26 2.0 1.6 spot size o, , [um] |30, 16 7
e- bunch length [mm] 10 0.3 0.3 B*,, [m] 1.8,0.5| 0.1
bunch interval [ns] 25 50 50 bunch spacing [ns] | 25 25
transv. emit. ye, , [mm] 0.58,0.29| 0.05 0.1
rms IP beam size 5, [um] | 30, 16 7 7 “ultimate p beam”
e- IP beta funct. §*  [m] |0.18,0.10| 0.12 0.14 1.7 probably conservative
full crossing angle [mrad] 0.93 0 0 and emittance too
geometric reduction H,, 0.77 0.91 0.94 CDR has design also for
repetition rate [Hz] N/A N/A 10
Dand A (L, =3*10% cms?)
beam pulse length [ms] N/A N/A 5 RR= Ring  Ring
ER efficiency N/A 94% N/A LR =Linac —Ring
average current [mA] 131 6.6 5.4
tot. wall plug power[MW] 100 100 100 Ring: use 1° as baseline : L/2
Linac: clearing gap: L*2/3
High E_Linac option (ERL?) if physics demands HE-LHC?
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Events

Quark-Gluon Dynamics - Diffraction and HFS wajets
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