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Max Klein LHeC DIS08 London 
11.4.08 

 1. Proposal to ECFA – endorsed by plenary ECFA 11/2007 

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 densiCes ‘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 considera%ons of a ring‐ring and a linac‐ring accelerator layout  lead to an 
unprecedented  combina%on  of  energy  and  luminosity  in  lepton‐hadron 
physics,  exploiCng  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. 

rECFA and ECFA and CERN DG: CDR on the LHeC within 2 years 



2. Physics Programme of the LHeC 

+  Unfolding  completely the parton structure of  the proton (and of the neutron  
    and photon) and search for sub‐substructure down to 6 10‐20m 

+  ExploraCon of new symmetries and  the grand unifica%on of parCcle interacCons 
    with electroweak and strong interacCon measurements of  unprecedented precision. 

+  Search for and exploraCon of new, Terascale physics, in parCcular for new states   
    with lepton qu.numbers (RPV SUSY, LQ, excited fermions), complementary to the LHC 

+  ExploraCon of high density maWer  [low x physics beyond the expected unitarity 
    limit for the growth of the nucleon gluon density] 

+  Unfolding the substructure and parton dynamics inside nuclei  by an extension 
     of the kinemaCc range by four orders of magnitude [iniCal state of the QGP] 

Slide shown at ECFA 2009 (www.lhec.cern.ch) : Mandate reconfirmed end of November 



3. What happened in 2009? 

‐ CERN Courier (Divonne 08 report) 
‐ DIS: Preconference, working group, panel: Proceedings. arXiv0908.2877 
‐ PAC in Vancouver: Proceedings – 3 papers 
‐ Visit to SLAC (OB, MK): Linac design study 
‐ Pre Blois low x topical meeCng to shape HPD physics and alract colleagues 
‐ Visit to Novosibirsk (KhM, DT, MK): Dipole magnet design  
‐ Poster on LHeC to EPS Cracow (Acc talk) and ly Hamburg (DIS talk)  
‐ Divonne workshop 2009. Summary [to DG, ECFA, NuPECC]  
‐ Monthly meeCngs with S.Bertolucci and S.Myers 
‐ Offices in Barack 561  
‐ NuPECC Scoping Workshop (BC, UW, MK – NA,PN,AS) – long range plan 2010 
‐ ECFA report  
‐ CDR table of contents [today] 
‐ Cockcron group joins 
‐ Talks at topical conferences (PN, JBD) and seminars 
‐ … 



Dipole Magnets 

LEP 

O‐shaped magnet with ferrite core [BINP‐CERN]     Prototype design under way at Novosibirsk, May 2010 

Accelerator  LEP  LHeC 

Cross Sec%on/ cm2  50  x 50  20 x 10 

Magne%c field/ T  0.02‐0.11  0.02‐0.135 

Energy Range/GeV  20‐100  10‐70 

Good Field Area/cm2  5.9 x 5.9  6 x 3.8 

FODO length/m  76  53 

Magnet length/m  2 x 34.5  2 x 14.76 

segmenta%on  6 cores  14 

Number of magnets  736  488 

Weight / kg/m  800  240 



Large Hadron Electron Collider  
Progress Report to ECFA 

Max Klein 

for the LHeC Group 

ECFA at CERN Geneva 27. November 2009 

www.lhec.cern.ch 

Electron-Nucleon Scattering 

at the Tera Scale
CERN-ECFA-NuPECC: Preparing a Conceptual Design Report on the LHeC

The Large Hadron Electron Collider (LHeC)  is a new colliding 
beam facility, based on the LHC at CERN,  exploiting Tera scale 
cms energies in the electron-quark system in order to pursue a rich 
and luminous programme of inelastic, polarised electron/positron 
-proton, deuteron and heavy ion scattering measurements. By 
reaching momentum transfer squared values of Q2  above 106 GeV2 
and correspondingly low values of Bjorken x, the LHeC  is seen as a 
natural complement to  the LHC and to an envisaged new lepton 
collider. This poster illustrates part of the still ongoing work on the 
machine, interaction region and detector designs as well as on the 

physics potential of the LHeC at high scales, high parton densities 
and with high precision eq measurements. This work, pursued in 
a wide international collaboration under the auspices of CERN, 
ECFA, NuPECC and a Scientific Advisory Committee, is directed to a 
Conceptual Design Report by 2010, as part of the deliberations of 
the HEP community on its future programme of exploring the energy 
frontier with accelerators, which is reminiscent to the exploration of 
the Fermi scale with  HERA, the Tevatron and LEP. More information 
on the LHeC is collected at www.lhec.org.uk. The next  workshop 
will be held at Divonne 1-3.9.2009. 

LHeC Physics and Kinematics - Kinematic plane in Bjorken-x and resolving power Q2 , showing the 
coverage of fixed-target experiments, HERA and the LHeC. The mapping of the planned physics programme onto 
this plane is also indicated. 

Direct Measurement of Partons - The LHeC permits the complete resolution of the light and heavy quark 
structure of the nucleon. It will make precision measurements of the beauty density, the first ever measurements 
of strange and anti-strange quark densities  or the u/d densities at low and at large x .  The LHeC is a single top and 
anti-top-quark factory.

LHeC as Ring-Ring Collider - The LHeC as a Ring-Ring Collider may use the SPL as an injector and will have 
bypasses around LHC experiments,  in which the rf may be placed. A new type of dipole magnet is considered for 
installation on top of the proton ring. The luminosity  is estimated to be above 1033cm-2s-1 with an assumed limit of 
100 MV wall plug power. 

Saturation of Parton Densities - At small Bjorken x the rise of the parton densities is predicted to be 
limited by unitarity. A new phase of matter appears governed by modified parton dynamics with relations to 
nuclear and neutrino astrophysics. This may be discovered in ep with precision measurements of  F2 and FL , vector 
meson measurements or diffractive scattering in a hitherto unexplored range of phase space and phenomena.

Lepton-Proton Scattering - Comparison of the energies and luminosities of selected previous (blue) and 
proposed future (red) lepton–proton scattering facilities. The LHeC moves DIS into the Terascale with about  
100 times the luminosity of HERA.

Complementing the LHC - The LHeC complements the LHC with precision measurements e.g. on the gluon 
density or the investigation of the Higgs. With the LHeC, new physics phenomena possibly occurring at the LHC 
can be distinguished reliably from mere variations of partonic behaviour, currently subject to extrapolation and 
parameterisation uncertainties.

A New Detector for ep/eA -  The detector is modular for fast installation down the pit and to cope with 
the requirements of high luminosity and of large acceptance near the beam axis.  Design work is ongoing on the 
interaction region to allow for simultaneous operation of pp (LHC) and ep (LHeC) beams.

New Physics in eq Scattering - Singly produced new states, such as eq resonances or excited leptons, have 
a much higher cross section at an ep machine than in pp, which will allow the determination of quantum numbers 
of new states and possibly give access to a complementary phase space. If leptons and hadrons are ‘one form of 
matter’ (A.Salam), an eq collider is most suited for its exploration.

Resolving Proton’s Structure - Distance scales resolved in successive lepton–hadron scattering 
experiments since the 1950s, and some of the new physics revealed. The LHeC will resolve distances below 10-19m, 
more than a 10.000 times smaller  than the proton’s radius and 10 times below HERA.

Exploring Multi-TeV Scales - Exploration of ultrahigh energy scales with precision measurements in 
electroweak and strong interactions. Precision determination of light quark weak neutral current couplings.
Unification of coupling constants at the Planck scale may be tested with alpha_s measured an order of magnitude 
more accurately than so far.

LHeC as Linac-Ring Collider - The LHeC as a Linac-Ring Collider is considered to possibly use a racetrack 
arrangement of ILC type superconducting cavities. The luminosity is in excess of 1032cm-2s-1 with a power limit 
of 100MW, based on the sLHC upgrade. It may be enlarged with energy recovery techniques. The luminosity 
diminishes as 1/E with the electron beam energy and the linac may therefore surpass the energy reach of the ring. 

Partonic Structure of Nuclei - The LHeC extends the experimental knowledge on the partonic structure of 
nuclei by nearly 4 orders of magnitude in DIS. The predicted enhancement of the gluon  density ~A1/3  and the very 
high energies at the LHeC allow parton saturation effects to be studied both in ep and eA  interactions and thus to 
uniquely separate nuclear from unitarity effects in deep inelastic scattering.

Compiled by M.Klein and F.Marcastel - 10 July 09 
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Poster at EPS09 and Lepton‐Photon09 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Endorsed by DG in September. ECFA, NuPECC, Chair of SAC took note. 



Comple%on of the CDR   Accelerator Design [RR and LR] 

Oliver Bruening (CERN),  

John Dainton (CI/Liverpool) 

Interac%on Region and Fwd/Bwd  

Bernhard Holzer (DESY),  

Uwe Schneeekloth (DESY), 

Pierre van Mechelen (Antwerpen) 

Detector Design  

Peter Kostka (DESY),  

Rainer Wallny (UCLA),  

Alessandro Polini (Bologna) 

New Physics at Large Scales  

George Azuelos (Montreal) 

Emmanuelle Perez (CERN),  

Georg Weiglein (Hamburg) 

Precision QCD and Electroweak  

Olaf Behnke (DESY), 

Paolo Gambino (Torino), 

Thomas Gehrmann (Zuerich) 

Claire Gwenlan (Oxford) 

Physics at High Parton Densi%es  

Nestor Armesto (SanCago),  

Brian Cole (Columbia),  

Paul Newman (Birmingham),  

Anna Stasto (PennState) 

Oliver Bruening          (CERN) 
John Dainton          (Cockcron) 
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)) 

Guido Altarelli (Rome) 
Sergio Bertolucci (CERN) 
Stan Brodsky (SLAC) 
Allen Caldwell ‐chair  (MPI Munich) 
Swapan Chalopadhyay (Cockcron) 
John Dainton (Liverpool) 
John Ellis (CERN) 
Jos Engelen (CERN) 
Joel Feltesse (Saclay) 
Lev Lipatov (St.Petersburg) 
Roland Garoby (CERN) 
Roland Horisberger (PSI) 
Young‐Kee Kim (Fermilab) 
Aharon Levy (Tel Aviv) 
Karlheinz Meier (Heidelberg) 
Richard Milner (Bates) 
Joachim Mnich (DESY) 
Steven Myers, (CERN) 
Tatsuya Nakada (Lausanne, ECFA) 
Guenter Rosner (Glasgow, NuPECC) 
Alexander Skrinsky (Novosibirsk) 
Anthony Thomas (Jlab) 
Steven Vigdor (BNL) 
Frank Wilczek (MIT) 
Ferdinand Willeke (BNL) 

Scien%fic Advisory CommiWee 

Steering CommiWee 

Working Group Convenors 

1.  Finalise physics and technical studies 
2.  DIS10 Firenze [April] and IPACC Japan [May]  
3.  Dran CDR June 2010 
4.  Divonne III – Updates and Discussion with referees 
5.  November 10: Final report to ECFA 
6.  Submit CDR to CERN, ECFA, NuPECC 

LHeC relies on  exper%se and enthusiasm of many 
colleagues and support by ECFA, NuPECC and CERN 

Steps to go in 2010 

LHeC barack 561  



4. Structure of the CDR 



4. Structure of the CDR 



5. Major Ques%ons/Tasks  

‐The most striking physics arguments, the unique gain for HEP (topical meeCngs?) 

‐Can the ring be installed? (Kh.Mess with Y.Muloni) 

‐The luminosity of the linac‐ring combinaCon (sLHC,ERL,e+)  

‐The detector/beam interface – IR for RR and LR 

‐InstallaCon schedule (needed for NuPECC long range plan)  

‐Cost assessment (Steve Myers’ person of trust) 

‐Define line between CDR and TDR 

… 



Two LINAC Configura%ons [CERN‐SLAC] 

60 GeV 
31 MV/m, pulsed 
two passes 

60 GeV 
13 MV/m CW ERL 
4 passes 

140 GeV 
31 MV/m, pulsed 
2 passes 



LINAC‐Ring Parameters 

€ 

Np =1.7 ⋅1011,εp = 3.8µm,β* = 0.2m,γ = 7000 /0.94

L = 8 ⋅1031cm−2s−1 ⋅
Np10

−11

1.7
⋅
0.2
β* /m

⋅
P /MW
Ee /GeV

Configura%on  60 GeV, pulsed  60 GeV CW ERL  140 GeV pulsed 

Ne/bunch/ 
109/50ns 

4  1.9  2 

gradient MV/m  32  13  32 

normalised ε/ μm  50  50  100 

cryo power/MW  3  20  6 

effecCve beam 
power/MW 

50  40/(1‐ηERL)  50 

Luminosity for ul%mate beam 

The LR combinaCon yet requires a sCll 
beler p beam or/and Ee recovery to 
come to luminosity beyond 1032cm‐2s‐1 



6. Suppor%ng the CDR 

‐ DIS10 (AS) 
‐ IPAC Kyoto (papers submiled for RR and LR) 
‐ Seminars (RWTH experience) 
‐ Approaching people (Glasgow, Edinborough) 
‐ Road maps  UK 
‐ US‐EIC 
‐ SAC 
‐ Topical meeCngs as pre Blois: BSM, QCE, DET, IR, FWD 
‐ Discussion of approaching community with CERN 
‐ ECFA 
‐ NuPECC Long range plan 
‐ CERN Courier agreements: Dipole arCcle, Longer report on CDR 
‐ … 





7. Organisa%on 

‐CommunicaCon: joint steering group+conv. meeCngs twice a month  
‐Regular meeCngs with accelerator physicists in barack 561  
‐LHeC Notes 
‐CompuCng base in 561 
‐Technical editor/secretary:  
    call meeCngs, edit CDR, check LHeC notes, web? 
‐Secretary: Patricia (“hypernews”, meeCngs, email list..) 
‐Conference contacts – ``speakers buro” 
‐Appointment of referees with CERN for CDR parts – where, who? 
‐Need sth. like a project office at CERN for 2010  
‐… 



Barack 561 

Few offices and meeCng room for LHeC 

Thanks to Sergio, Steve, Oliver, Delphine, Paula 



can one build a 3‐km long linac? 

it has been done before 
(some 50 years ago) 



%tle 

Rolf Heuer: 3/4. 12. 09 at CERN: From the Proton Synchroton to the Large Hadron Collider  
                                                                         50 Years of Nobel Memories in High‐Energy Physics 



Today 

  9.00‐9.30 :  IntroducCon  
  9.30‐10.30:  Machine  
  10.30‐11.15: Low x  
  11.15‐12.00: QCD,electroweak  

  lunch: 12‐13.00 

  13:00‐13.45: BSM  
  13.45‐14.30: IR + Fwd  
  14.30‐15:15: Detector  

  coffee break: 15.15‐16.00 

  16.00‐18.00: Discussion of CDR PreparaCon 

  Dinner 8pm 

Thanks for all the work so far, 
for coming/connecCng today. 

Goal: get the CDR contents and 
          organisaCon right 

We need a coherent approach 
with improved communicaCon.  

CERN, ECFA and NuPECC await 
the CDR next year and so far 
it seems we can deliver it. 


