
23rd May 2008 Swapan Chattopadhyay Presentation to The 4th Electron Ion Collider Workshop, Hampton University

A Large Hadron electron Collider at the LHC

40-140 GeV on 1-7 TeV e±p, also eA

Swapan Chattopadhyay
Cockcroft Institute, UK

on behalf of the LHeC Collaboration

On November 30th, 2007, ECFA unanimously endorsed the 
proposal to work out a Conceptual Design Report for the LHeC, 
supported by CERN. NuPECC has formed a study group to 
investigate the prospects for the LHeC in Europe and the EIC in 
the United States as part of the long range planning for European 
Nuclear Physics. 

Progress since DIS07 and News from DIS08 
(based on Summary by Max Klein at DIS 2008 at UCL, London, UK)
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Pief

The LHeC is a PeV equivalent fixed 
target ep scattering experiment, at 
50 000 times higher energy than 
the pioneering SLAC MIT 
experiment. It may need a LINAC 
not much longer than the 2mile 
LINAC to the right. Its physics 
potential is extremely rich.

Q2
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Physics and RangeHigh mass 1-2 TeV
rq few times 10-20 m

High precision
partons in plateau
of the LHC

Nuclear 

Structure
& dynamics

High Density Matter

Large x

Former considerations:

ECFA Study 84-10 

J.Feltesse, R.Rueckl:
Aachen Workshop (1990)

The THERA Book (2001)&

Part IV of TESLA TDR

3 physics subjects:

New Physics
QCD+electroweak
High parton densities
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LHeC
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Ring-Ring  LHeC Interaction Region Design

foresees simultaneous
operation of pp and ep

J.Dainton et al, JINST 1 P10001 (2006)
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Design Details

First p beam lens: septum quadrupole.
Cross section and Field calculation

Synchrotron radiation fan
and HERA type absorber

100W/mm2

9.1kW
Ecrit = 76keV

cf also W.Bartel
Aachen 1990
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Accelerator (RR) questions considered

Power:  25ns: nx40MHz rf frequency. Imax 100 mA: 60 klystrons with 1.3MW
coupler of perhaps 0.5MW, 66% efficient… need space for rf in bypasses

Injection: LEP2 was N= 4 1011 in 4 bunches, LHeC is 1.4 1010 in 2800 bunches
may inject at less than 20 GeV. Injection is no principal
problem regarding power and technology (ELFE, KEK, direct?)

Synchrotron load to LHC magnets: can be shielded (water cooled Pb)

Bypasses: for ATLAS and CMS but also for further Pi. l~500m start in the arcs.
May ensure same length of e ring as p with ~ -20cm radius of e ring.

Space: first look at the installation on top of LHC
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Luminosity: Ring-Ring

L =
Npγ

4πeεpn

⋅
Ie

β pxβ py

= 8.31032 ⋅
Ie

50mA
m

β pxβ pn

cm−2s−1

εpn = 3.8μm

Np =1.7 ⋅1011

σ p(x,y ) = σ e(x,y )

β px =1.8m
β py = 0.5m

Ie = 0.35mA ⋅
P

MW
⋅

100GeV
Ee

⎛ 

⎝ 
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1033 can be reached in RR
Ee = 40-80 GeV & P = 5-60 MW.

HERA was 1-4 1031 cm-2 s-1

huge gain with SLHC p beam

F.Willeke in hep-ex/0603016:
Design of interaction region  
for  1033 : 50 MW, 70 GeV

Factor of 5 possible to gain with
intensity and beam emittance
(cf H.Braun this workshop).
May relax power requirement.

← Ie = 100 mA

likely klystron
installation limit
Synchrotron rad!1033

cf also A.Verdier 1990, E.Keil 1986
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Injector Considerations

H.Burkhardt DIS08
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bypass

H.Burkhardt DIS08
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Luminosity: Linac-Ring

L =
Npγ

4πeεpnβ
* ⋅

P
Ee

=1⋅1032 ⋅
P /MW
Ee /GeV

cm−2s−1

2 1032 may be reached with LR:
Ee = 40-140 GeV &  P=20-60 MW
LR: average lumi close to peak!
-> 10 times HERA II luminosity.

LINAC is not physics limited 
in energy, but cost + power limited
140 GeV at 23 MV/m: 6km +gaps

Note: positron source challenge:

SLC 1013 /sec
ILC 1014 /sec
LHeC at 1032 needs 1015 /sec

← Ie = 100 mA

High cryo load to CW cavities

s = 2TeV

εpn =1.9μm

Np = 3.4 ⋅1011

β* = 0.10m

DIS08, H.Braun

εpn = 3.8μm

Np =1.7 ⋅1011

β* = 0.15m

New p injector
chain, LHC 
Luminosity 
Upgrade.
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Recirculated LINAC

H.Braun, this workshop
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E recovery
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140 GeV LINAC

H.Braun, this workshop
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LHeC

H.Braun, this workshop
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Tunnel CLIC
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Strong Coupling                            Detector Requirements

T.Kluge, MK, DIS08

extended kinematic range
uncertainties 1/2 of H1

Exp + Thy challenge N3LO
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CI and Leptoquarks

A.Zarnecki DIS08
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Quantum Numbers

Charge asymmetry much cleaner in ep
than in pp. Similar for simultaneous
determination of coupling and quark flavour

E.Perez, DIS07
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A new level of quark distribution measurements
unfolding and parton amplitudes (GPDs)

Strange & Antistrange from CC

Shadowing related to diffraction
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SB’s non intrinsic wishlist for the LHeC

Inclusive Higgs

Diffractive Higgs

Higgs ttbar



23rd May 2008 Swapan Chattopadhyay  Presentation to The 4th Electron Ion Collider Workshop, Hampton University

xg

Gluon                                     Beauty      
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FL DIS08
J.Forshaw
et al.

May not be able
to simultaneously
fit the two proton
structure functions
F2 and FL when
these represent a 
saturation CDM

With enlarged
energy, saturation
scale moves into
DIS region and
DGLAP may
truly be shown to
fail when confronted
with very low x data.

FL takes long
(1986-2008)…

LHeC
HERA
Simul.
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eA@LHeC+EIC

EIC

LHeC

Measurement of nuclear parton distributions
Non-linear effects (xg ‘beyond’ unitarity)
50% diffraction ..

This workshop: cf M.Lamont

NuPECC study group
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The Goal of the ECFA-CERN Workshop(s) is a CDR by 2009/2010.

Accelerator Design [RR and LR]
Closer evaluation of technical realisation: injection, magnets, rf, power efficiency, cavities, ERL…

What are the relative merits of LR and RR? Recommendation. Workpackages 

Interaction Region and Forward/Backward Detectors

Design of IR (LR and RR), integration of fwd/bwd detectors into beam line.

Infrastructure Definition of infrastructure - for LR and RR.  

Detector Design A conceptual layout, including alternatives, and its performance [ep and eA].

New Physics at Large Scales

Investigation of the discovery potential for new physics and its relation to the LHC and ILC/CLIC.

Precision QCD and Electroweak Interactions

Quark-gluon dynamics and precision electroweak measurements at the TERA scale.

Physics at High Parton Densities [small x and eA]

QCD and Unitarity, QGP and the relations to nuclear, pA/AA LHC and SHEν physics.

Divonne, 1.-3.9.08
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thanks
ECFA CERN
Workshop at 

Divonne
1.-3.9.2008

http://www.lhec.org.uk

Opening

J.Engelen (CERN)
K.Meier (ECFA)

G.Altarelli (Roma):
DIS in the LHC time

1.9. 2pm

Indico=31463

Email:
event-lhec-workshop@cern.ch

Patricia Mage-Granados
Jill Karlson Forestier 

Urs Wiedemann
Max Klein

Guido Altarelli (Rome)
Stan Brodsky (SLAC)
Allen Caldwell (MPI Munich)
Swapan Chattopadhyay (Cockcroft)
John Dainton (Liverpool)
John Ellis (CERN)
Jos Engelen (CERN)
Joel Feltesse (Saclay)
Lev Lipatov (St.Petersburg)
Roger Garoby (CERN)
Rolf Heuer (DESY)
Roland Horisberger (PSI)
Young Kee Kim (Fermilab)
Aharon Levy (Tel Aviv)
Richard Milner (Bates)
Steven Myers, (CERN)
Alexander Skrinsky (Novosibirsk)
Anthony Thomas (Jlab)
Steven Vigdor (BNL)
Ferdinand Willeke (BNL)
Frank Wilczek (MIT)

Scientific Advisory Committee

Oliver Bruening          (CERN)
John Dainton          (Cockcroft)
Albert DeRoeck          (CERN)
Stefano Forte             (Milano)
Max Klein - chair    (Liverpool)
Paul Newman    (Birmingham)
Emmanuelle Perez     (CERN)
Wesley Smith       (Wisconsin)
Bernd Surrow                 (MIT)
Katsuo Tokushuku        (KEK)
Urs Wiedemann          (CERN)

Steering Committee

Registration is open

http://indico.cern.ch/event/LHeC_workshop

http://wwwlhec.org.uk/
mailto:event-lhec-worksho@cern.ch
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Concluding Remarks

The LHeC has survived expert scrutiny and gets momentum in terms of
accelerator concepts, next EPAC Genoa June 2008

ECFA and CERN have expressed an interest in a Conceptual Design
Report for the LHeC by 2009/10. An organisational structure has been
put in place which will allow further developments of the machine, IR,
detector and physics ideas. A technical design may follow if appropriate.

NuPECC has been made aware of the developments and joint discussions
and devlopments beginning to emerge.

The LHeC requires the LHC to be a success and the CERN accelerator
complex to function and be upgraded. It will have to attract world wide
efforts for becoming realised while the pp LHC operation is still ongoing.

The physics will be worked out and emphasis will be given to the
complementarity with the LHC and also ILC/CLIC.

Deep Inelastic Scattering in the LHC time may become reality.
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ECFA CERN Workshop Convenors

Accelerator Design [RR and LR]
Oliver Bruening (CERN), John Dainton (Cockcroft/Liverpool)

Interaction Region and Forward/Backward Detectors
Bernhard Holzer (DESY), Uwe Schneeekloth (DESY), MM (tbc)

Infrastructure
John Osborne (CERN) 

Detector Design 
Peter Kostka (DESY), Rainer Wallny (UCLA), Alessandro Polini (Bologna)

New Physics at Large Scales
Emmanuelle Perez (CERN), Georg Weiglein (Durham)

Precision QCD and Electroweak Interactions
Olaf Behnke (DESY), Paolo Gambino (Torino), Thomas Gehrmann (Zuerich)

Physics at High Parton Densities [small x and eA]
Nestor Armesto (CERN), Brian Cole (Columbia), Paul Newman (B’ham), Anna Stasto (MSU)

http://www.lhec.org.ukMany thanks to many people

http://wwwlhec.org.uk/
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Summary and Proposal to ECFA

As an add-on to the LHC, the LHeC delivers in excess of 1 TeV to 
the electron-quark cms system. It accesses high parton densities 
‘beyond’ what is expected to be the unitarity limit. Its physics is thus 
fundamental and deserves to be further worked out, also with respect to 
the findings at the LHC and the final results of the Tevatron and of 
HERA.

First considerations of a ring-ring and a linac-ring accelerator 
layout  lead to an unprecedented combination of energy and 
luminosity in lepton-hadron physics, exploiting the latest 
developments in accelerator and detector technology.

It is thus proposed  to hold two workshops (2008 and 2009), under 
the auspices  of ECFA and CERN, with the goal of having a 
Conceptual Design Report on the accelerator, the experiment and 
the physics. A Technical Design report will then follow if appropriate.
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