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The	  LHeC	  Project	  
	  
	  

Max	  Klein	  
University	  of	  Liverpool	  

	  
For	  the	  LHeC	  Study	  Group	  

	  
Brief	  overview	  on	  the	  	  
Status	  and	  Prospects	  

	  
	  
	  
	  

at	  this	  conference:	  
A.Polini	  –	  Detector	  
C.Glasman	  –	  QCD	  
P.Newman	  –	  eA	  
U.Klein	  –	  Higgs	  

	  
ICHEP	  2012	  Melbourne	  7.7.	  



Corner	  
Stones	  x=0.0001

x=0.00025

x=0.00035

x=0.0005

x=0.001

x=0.0025

x=0.0035

x=0.005

x=0.01

x=0.012

x=0.018

x=0.025

x=0.040

x=0.055

x=0.08

Q
2
/GeV

2

an
ti

-s
tr

an
ge

 d
en

si
ty

 [
3j ]

εc=0.1, bgdq=0.01

LHeC e
-
p  60*7000 GeV

2
  10 fb

-1

10
2

10
3

10
4

10
510

-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

Q
2
/GeV

2

an
ti

-s
tr

an
ge

 d
en

si
ty

 [
3j ]

εc=0.1, bgdq=0.01

LHeC e
-
p  60*7000 GeV

2
  10 fb

-1

10
2

10
3

10
4

10
510

-2

10
-1

10
0

10
1

10
2

10
3

10
4

10
5

10
6

10
7

10
8

sr
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

ABKM09
NNPDF2.1
MSTW08
CT10 (NLO)
total uncertainty
experimental uncertainty

ATLAS, x=0.0232 = 1.9 GeV2Q sepWZ free 

Precision	  determina.on	  of	  ALL	  pdfs	  
u,	  uv,	  d,	  dv,	  s,	  c,	  b	  and	  topPDF	  	  

Mapping	  of	  gluon:	  hi	  x/M:	  SUSY	  at	  LHC?	  
Low	  x:	  saturaVon?	  End	  of	  DGLAP??	  

s/d	  from	  HERA+ATLAS(W,Z)	  

HERA	  
+	  
LHeC	  

Strange	  density	  from	  Ws	  c	  in	  CC	  at	  LHeC	  

Joint	  Electroweak-‐QCD	  precision	  (sin2θ(μ),v,a)	  
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Factorisa.on?	  	  Generalised,	  unintegrated,	  diffrac.ve,γ*	  partons.	  Odderon?	  npQCD-‐string	  thy?..	  



Corner	  
Stones	  

Precision	  determina.on	  of	  ALL	  pdfs	  
u,	  uv,	  d,	  dv,	  s,	  c,	  b	  and	  topPDF	  	  

Mapping	  of	  gluon:	  hi	  x/M:	  SUSY	  at	  LHC?	  
Low	  x:	  saturaVon?	  End	  of	  DGLAP??	  

HERA	  
+	  
LHeC	  

Beauty	  density	  from	  y/Zb	  b	  in	  NC	  at	  LHeC	  

Factorisa.on?	  	  Generalised,	  unintegrated,	  diffrac.ve,γ*	  partons.	  Odderon?	  npQCD-‐string	  thy?..	  
Joint	  Electroweak-‐QCD	  precision	  (sin2θ(μ),v,a)	  
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New	  	  
Physics	  

Grand	  unifica.on	  of	  couplings,	  
αs	  to	  0.1%,	  δMc=3MeV	  from	  F2cc	  	  

~4%	  precise	  WW-‐H-‐bb	  vertex,	  CP	  
	  	  Higgs:	  even-‐odd	  from	  MET-‐jet	  angle	  

Leptoquarks,RPV	  SUSY	  
Determine	  design	  of	  LHeC	  

Huge	  impact	  on	  	  
heavy	  ion	  physics:	  
Black-‐body	  limit,	  	  
IniVal	  state	  of	  QGP,	  
Nuclear	  PDFs,	  
HadronizaVon	  
in/outside	  media..	  
	  
Neutron	  from	  eD	  
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The	  last	  year	  

	  	  	  	  	  	  	  	  arXiv:1206.2913	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CERN-‐ECFA-‐NuPECC	  Workshop	  14/15.6	  	  	  [cern/ch/lhec]	  	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CERN:	  Mandate	  for	  TDR,	  ECFA:	  Report	  19.7.,	  NuPECC:Long	  Range	  Plan	  	  ICHEP	  LHeC	  Max	  Klein	  7.7.2012	   5	  

CERN Referees



60	  GeV	  Electron	  Accelerator	  	  	  
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Two	  1km	  long	  LINACs	  	  
connected	  at	  CERN	  territory	  
Arcs	  of	  1km	  radius:	  ~9km	  tunnel	  
3	  passages	  with	  energy	  recovery	  

John	  Osborne	  (June	  LHeC	  Workshop)	  

CDR	  	  
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Threefold	  arcs	  
with	  warm	  magnets	  
Dipole	  models	  built	  at	  Novosibirsk	  and	  CERN	  for	  RR	  



	  	  	  	  	  	  Luminosity	  
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Luminosity  LHeC Energy Recovery Linac-Ring
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Wall	  plug	  power	  <	  100	  MW	  
	  
Energy	  recovery	  efficiency	  >	  90%	  -‐	  test	  	  
	  
Hourglass	  	  	  >	  0.9	  	  
	  	  	  	  (head-‐on	  ep:	  dipole	  in	  detector)	  
	  
Beam-‐beam	  effect	  -‐	  	  1.3	  
	  
Gap	  for	  fast	  ion	  stability	  	  -‐	  2/3	  ?	  
	  
LHC	  brightness	  Np/ε	  likely	  higher	  
	  
p	  cooling	  -‐	  towards	  1035	  ..	  V.Litvinenko	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  (cf	  June	  workshop)	  
	  
Positrons	  a	  serious	  challenge	  (cf	  CDR)	  



from	  CDR	  LHeC	  

Components	  and	  Cryogenics	  
Chapter	  9	  of	  CDR	  

Jlab:	  
4	  1011	  

Need	  to	  develop	  “own”	  cavity	  (cryo-‐module)	  
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Erk	  Jensen	  (LHeC	  June	  12	  Workshop)	  

721	  much	  larger	  stable	  beam	  current	  limit	  than	  1323	  MHz.	  



LHeC	  Test	  Facility	  at	  CERN	  
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Dra`	  Plan.	  June	  	  LHeC	  Workshop.	  Rama	  Calaga,	  Ed	  Ciapala,	  Erk	  Jensen	  



LR LHeC IR layout & SC IR quadrupoles

Non-
colliding 
proton 
beam 

colliding 
proton beam 

Electron 
beam 

Synchrotron 
radiation 

High-gradient SC IR quadrupoles based on Nb3Sn 
for colliding proton beam with common low-field

Inner triplets 

Exit hole for 
electrons & non-
colliding protons 

Inner triplets 

Q1 Q2 

Q2 

Q1 

Nb3Sn (HFM46): 
5700 A, 175 T/m, 
4.7 T at 82% on LL 
(4 layers), 4.2 K 

Nb3Sn (HFM46): 
8600 A, 311 T/m, 
at 83% LL, 4.2 K 

46 mm (half) ap., 
63 mm beam sep. 

23 mm ap.. 87 
mm beam sep. 

0.5 T, 25 T/m 0.09 T, 9 T/m 

As shown by Frank Zimmermann at Chamonix12Q1,2	  are	  considered	  to	  prototype,	  IR	  challenging!	  



Time	  Schedule*)	  

LHeC	  is	  to	  operate	  synchronous	  with	  HL-‐LHC	  
	  
LS3	  requires	  2-‐3	  years	  for	  ATLAS+.	  It	  is	  the	  	  
one	  extended	  Vme	  period,	  which	  will	  allow	  
installaVon	  and	  connecVon	  of	  LHeC	  	  	  

Detector	  installaVon	  
study	  for	  IP2,	  reuse	  
of	  L3	  magnet	  as	  
support	  for	  LHeC.	  	  
EsVmated	  30	  months	  

*)	  LS3	  	  schedule	  most	  likely	  shi|ed	  by	  +2	  years	  ICHEP	  LHeC	  Max	  Klein	  7.7.2012	   13	  



From	  execu.ve	  summary	  of	  CDR	  
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TransiVon	  from	  CDR	  to	  R+D	  OrganizaVon	  	  
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TOBB	  ETU	  

KEK	  

	  Accelerator	  Design:	  ParVcipaVng	  InsVtutes	  

The	  LHeC	  design	  concepts	  are	  now	  published.	  
The	  ring-‐ring	  configuraVon	  is	  held	  as	  a	  backup	  for	  	  
the	  racetrack	  ERL	  which	  will	  be	  developed	  towards	  a	  TDR.	  
An	  LHeC	  test	  facility	  will	  be	  built	  and	  components	  prototyped.	  
External	  laboratories	  are	  (being)	  invited	  to	  parVcipate.	  
The	  LHeC	  has	  all	  to	  become	  the	  best	  ep	  and	  eA	  collider	  ever,	  
which	  will	  substanVally	  enrich	  the	  physics	  with	  the	  LHC.	  	  



The	  TeV	  Scale	  [2010-‐2035..]	  

W,Z,top	  
Higgs??	  

New	  ParVcles??	  
New	  Symmetries?	  

	  

High	  Precision	  QCD	  
High	  Density	  Ma~er	  
Substructure??	  

eq-‐Spectroscopy??	  

~bar	  
Higgs??	  

Spectroscopy??	  

ep	   e+e-	  

pp	  

New	  Physics	  

LHC	  

ILC/CLIC	  
LHeC	  



The	  TeV	  Scale	  [2012-‐2035..]	  

W,Z,top	  
Higgs?	  

New	  ParVcles??	  
New	  Symmetries?	  

	  

High	  Precision	  QCD	  
High	  Density	  Ma~er	  

Higgs?	  
Substructure??	  

eq-‐Spectroscopy??	  

~bar	  
Higgs?	  

Spectroscopy??	  

ep	   e+e-	  

pp	  

New	  Physics	  

LHC	  

ILC/CLIC/Ring	  

LHeC	  
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The	  development	  of	  the	  LHeC	  con.nues	  to	  be	  very	  adrac.ve	  and	  recent	  news	  are	  suppor.ve..	  	  

Conclusion	  

Erk	  	  	  	  	  15.6.2012	  	  	  	  	  	  	  	  	  

	  LHeC	  test	  facility	  

Many	  thanks	  to	  all	  who	  contributed	  to	  this	  with	  great	  enthusiasm,	  new+old	  friends,	  
and	  to	  CERN,	  ECFA,	  NuPECC,	  the	  referees,	  working	  group	  convenors,	  steering	  group	  	  



backup	  
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TOBB	  ETU	  

KEK	  

	  Accelerator	  Design:	  ParVcipaVng	  InsVtutes	  



Lev	  Lipatov	  in	  the	  CDR…	  

PDFs	  (t,	  s,	  q-‐q,	  val,	  xg)	  
Odderon	  
Instanton	  
(no)	  saturaVon,	  QCD	  
QGP	  iniVal	  state	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
Neutron	  structure	  	  
FactorizaVon	  pp-‐ep	  
LQs,	  RPV	  SUSY	  
e*	  
Higgs	  CP	  
αs	  indeed	  small	  (GUT)	  

Candidates	  for	  Surprises	  and	  Discoveries	  

	  	  Ultra	  high	  precision	  (detector,	  e-‐h	  redundancy)	  	  	  	  -‐	  	  new	  insight	  
	  	  Maximum	  luminosity	  and	  much	  extended	  range	  	  -‐	  	  rare,	  new	  effects	  
	  	  Deep	  relaVon	  to	  (HL-‐)	  LHC	  (precision+range)	  	  	  	  	  	  	  	  	  -‐	  	  complementarity	  
	  LHeC	  brings	  a	  substan.al	  enrichment	  of	  LHC	  physics	  



IntroducVon	  

From	  execuVve	  summary	  of	  CDR	  



Study of  Installation of  the LHeC Detector              A.Gaddi, 7.5.2012


