
Parton distributions in the proton 
 from the LHeC  

 
V. Radescu, M. Klein  

 

Outline:	
  
•  Current	
  Status	
  on	
  PDFs	
  
•  Impact	
  of	
  the	
  LHeC	
  on	
  PDFs	
  
•  Summary	
  	
  	
  

Fixed 
target HERA 

LHC 
TeVatron 

LHeC 

Voica Radescu| DESY         |DIS – Warsaw |  LHeC   1 



Parton	
  Distribu=on	
  Func=ons	
  
•  Current	
  knowledge	
  and	
  uncertain=es	
  

display	
  differences	
  that	
  need	
  to	
  be	
  
understood	
  and	
  that	
  may	
  have	
  
substan=al	
  impact.	
  

 
Large uncertainties at large masses 
degrade the prospects for eventual 
characterization of new BSM heavy 

particles 
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Uncertainty	
  of	
  PDFs	
  

High x 
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The	
  LHeC	
  program	
  

arXiv:1206:2913 
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Since then the proposal re-evaluated by CERN:	


CERN has launched the FCC design study in which he is 
an integral part  gives the LHeC 60 GeV ERL design of 
a new electron accelerator,  a long term perspective	



Design Report 2012  
 



LHeC	
  ep	
  kinema=cs	
  	
  
  DIS	
  is	
  best	
  tool	
  to	
  probe	
  structure	
  of	
  the	
  proton:	
  

o  Processes:	
   	
   	
   	
   	
   	
  	
  

o  Kinema=c	
  variables:	
  

	
  
o  Double	
  Differen=al	
  cross	
  sec=ons:	
  

	
  

	
  

Virtuality of the exchanged boson	



Bjorken scaling parameter	



Inelasticity parameter	



Invariant c.o.m.	



At LHeC in an extended range and precision:	


"  F2 dominates	


"  sensitive to all quarks	


"  xF3 	


"  sensitive to valence quarks	


"  FL 	


"  sensitive to gluons	



"      also we have F2yZ, sCC+, sCC-	
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Studied	
  scenarios	
  (described	
  in	
  CDR)	
  
Scenario	
  B:	
  (Lumi	
  e+/-­‐p	
  =	
  50	
  R-­‐1)	
  Ep=7	
  TeV,	
  Ee=50	
  GeV,	
  Pol=±0.4	
  

o  Kinema=c	
  region:	
  2	
  <	
  Q2	
  <	
  500	
  000	
  GeV2	
  and	
  	
  0.000002	
  <	
  x	
  <	
  0.8	
  
Scenario	
  H:	
  (Lumi	
  e-­‐p	
  =	
  1	
  R-­‐1)	
  Ep=1TeV,	
  Ee=50	
  GeV,	
  Pol=0	
  

o  Kinema=c	
  region:	
  2	
  <	
  Q2	
  <	
  100	
  000	
  GeV2	
  	
  and	
  0.000002	
  <	
  x	
  <	
  0.8	
  
Typical	
  uncertain=es:	
  

	
  Full	
  simula=on	
  of	
  NC	
  and	
  CC	
  inclusive	
  cross	
  sec=on	
  measurements	
  including	
  sta=s=cs,	
  uncorrelated	
  and	
  
correlated	
  uncertain=es	
  –	
  based	
  on	
  typical	
  best	
  values	
  achieved	
  by	
  H1	
  	
  	
  

	
  
o  Sta=s=cal	
  uncertainty	
  ranges	
  from	
  0.1%	
  (low	
  Q2)	
  	
  to	
  ~10%	
  for	
  x=0.7	
  in	
  CC	
  
o  Uncorrelated	
  systema=c:	
  0.7	
  %	
  	
  
o  Correlated	
  systema=c:	
  typically	
  1-­‐3%	
  (for	
  CC	
  high	
  x	
  up	
  to	
  9%	
  )	
  

Simulated	
  LHeC	
  Data	
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QCD	
  Sefngs	
  for	
  the	
  PDF	
  determina=on	
  	
  
Data:	
  	
  

•  LHeC	
  	
  simulated	
  data:	
  	
  
♦  NC	
  e+p,	
  NC,	
  e-­‐p,	
  CC	
  e+p,	
  CC	
  e-­‐p	
  pos5ve	
  and	
  nega5ve	
  polarisa5ons	
  P=±0.4	
  	
  

•  Published	
  HERA	
  I	
  (NC,	
  CC	
  e±p	
  data,	
  P=0)	
  
♦  Kinema=cs	
  of	
  HERA	
  data:	
  0.65>x>10-­‐4,	
  30	
  000	
  >Q2>3.5	
  GeV2	
  

•  Fixed	
  target	
  data	
  from	
  BCDMS,	
  	
  
•  ATLAS	
  W	
  asymmetry	
  (with	
  adjusted	
  improved	
  uncertain=es	
  stat,	
  unc	
  0.5	
  	
  and	
  total	
  1	
  )	
  

♦  New	
  ATLAS	
  W,	
  Z	
  2010	
  data	
  (with	
  adjusted	
  lumi	
  uncertainty	
  from	
  3.4	
  	
  to	
  1.4	
  )	
  
•  Q2

min=3.5	
  GeV2	
  (and	
  W2>15	
  GeV2	
  for	
  BCDMS	
  data)	
  

•  Full	
  experimental	
  Uncertain=es	
  	
  
	
  Theory	
  sefngs:	
  	
  

•  NLO	
  DGLAP	
  [QCDNUM	
  package],	
  RT	
  scheme	
  
•  Fiqed	
  PDFs:	
  	
  

♦  uval,	
  dval,	
  g,	
  Ubar=ubar+cbar,	
  Dbar=dbar+sbar	
  
 	
  Sea=Ubar+Dbar	
  
 	
  sbar=s=fsDbar=dbar	
  fs/(1-­‐fs)	
  
	
  	
  	
  	
  	
  	
  with	
  fs=0.31	
  at	
  star=ng	
  scale	
  
	
  

	
  

	
  	
  
	
   	
   	
   	
  	
  

	


♦   Impose the fermion and momentum sum rules	


  LHAPDF grid	



[HERAFiqer	
  framework]	
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Valence	
  distribu=on	
  

  Current	
  knowledge	
  
is	
  limited	
  at	
  high	
  x:	
  
o  Lumi	
  barrier	
  
o  challenging	
  

systema=c	
  
o  nuclear	
  effects	
  
o  Effects	
  of	
  higher	
  
	
  	
  	
  	
  	
  	
  twists	
  	
  

	
  	
  
  LHeC	
  could	
  improve	
  

the	
  knowledge	
  of	
  
the	
  valence	
  at	
  high	
  x	
  
to	
  a	
  precision	
  of:	
  
o  2%	
  (uval)	
  x=0.8	
  
o  4%	
  (dval)	
  x=0.8	
  

Important	
  for	
  d/u	
  
limit	
  clarifica=on	
  

	
  

Now…	



dval 

uval dval 

uval 

…Then	
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Gluon	
  PDF	
  at	
  low	
  x	
  

Low x	

 high x	



•  HERA	
  sensi=vity	
  stops	
  at	
  5x10-­‐4	
  
•  Uncertain=es	
  at	
  lower	
  x	
  driven	
  by	
  param	
  

•  LHeC	
  sensi=vity	
  extends	
  to	
  x=10-­‐6	
  
•  sensi=vity	
  to	
  gluon	
  can	
  be	
  improved	
  by	
  FL	
  

	
  (not	
  included	
  in	
  this	
  study)	
  
	
  	
  

 
 
 
 
 
 
 
 
 
 

This	
  is	
  where	
  HERA	
  sensi=vity	
  stops	
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Gluon	
  PDF	
  at	
  high	
  x	
  

Low x	

 high x	



Currently,	
  high	
  x	
  gluon	
  is	
  quite	
  uncertain	
  due	
  to	
  
limited	
  sta=s=cs	
  and	
  reduced	
  sensi=vity:	
  
	
  
•  the	
  gluon	
  effects	
  at	
  high	
  x	
  are	
  in	
  the	
  DGLAP	
  

formalism	
  from	
  sea	
  	
  
	
  
(valence	
  and	
  gluon	
  are	
  evolved	
  independently)	
  	
  
	
  
LHeC	
  can	
  reduce	
  this	
  significantly	
  and	
  it	
  is	
  
important	
  to	
  disentangle	
  sea	
  from	
  valence	
  at	
  
high	
  x	
  to	
  get	
  precise	
  gluon	
  at	
  high	
  x:	
  
	
  
•  Measurements	
  such	
  CC+,	
  CC-­‐,	
  F2,	
  F2yZ,	
  xF3	
  

help	
  to	
  provide	
  this	
  decoupling	
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Higgs	
  at	
  the	
  LHeC	
  
  The	
  preferred	
  channel	
  for	
  low	
  mass	
  Higgs	
  is	
  in	
  the	
  bbar	
  decay	
  

(BR	
  60%),	
  but	
  at	
  LHC	
  the	
  Hbbar	
  couplings	
  are	
  challenging	
  

  At	
  the	
  LHeC	
  the	
  Higgs	
  boson	
  is	
  cleanly	
  produced	
  via	
  ZZ	
  or	
  WW	
  
fusion	
  and	
  it	
  is	
  complementary	
  to	
  the	
  dominant	
  gg	
  fusion	
  at	
  pp	
  

	
  

	
  	
  

	
  
14	
  TeV	
  gg	
  	
  H	
  total	
  cross	
  sec=on	
  at	
  the	
  LHC	
  calculated	
  for	
  a	
  
variety	
  of	
  PDFs	
  at	
  68%	
  CL	
  

o  precision	
  from	
  LHeC	
  can	
  add	
  a	
  very	
  significant	
  constraint	
  
on	
  the	
  mass	
  of	
  the	
  Higgs	
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Releasing	
  further	
  PDF	
  constraints	
  
  Releasing	
  further	
  the	
  assump=ons:	
  

o  Removing	
  the	
  correla=on	
  that	
  ubar=dbar	
  at	
  low	
  x	
  
o  Free	
  parameters	
  for	
  the	
  strange	
  quark	
  are	
  introduced	
  

o  This	
  study	
  was	
  driven	
  by	
  the	
  recent	
  ATLAS	
  results	
  on	
  strange	
  determina=on,	
  hence	
  we	
  have	
  
repeated	
  the	
  impact	
  of	
  LHeC	
  study	
  under	
  the	
  new	
  condi=ons.	
  

Note	
  that	
  in	
  these	
  studies,	
  only	
  the	
  inclusive	
  measurements	
  were	
  included,	
  however	
  there	
  are	
  high	
  
Q2	
  reach	
  of	
  LHeC	
  together	
  with	
  	
  the	
  charm	
  taggers	
  that	
  allow	
  for	
  xs	
  determina=on.	
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Unconstrained	
  PDFs	
  

Dbar 

dval strange 

Ubar 

QCD fit with free 
u,d,s, HERA plus ultimate 
ATLAS and  
full systematic error 
simulation on LHeC 

Inclusive LHeC data leads to very precise determination of all PDFs even after removing large bulk of 
assumptions:	



•  LHeC ep data constrain better U than D distributions, however deuteron data would symmetrise our 
understanding. 	



•  Determination of the strange can complement the strange determination from the charm data	
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New	
  Configura=on	
  

  The	
  ERL	
  	
  configura=on 	
  does	
  not	
  provide	
  polarised	
  positrons	
  at	
  comparable 	
  L 	
  	
  
  The	
  interest	
  in	
  the	
  Higgs	
  prefers	
  electrons	
  with	
  nega=ve,	
  high	
  polarisa=on:	
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PDF	
  uncertain=es	
  at	
  high	
  x	
  

  Gluon	
  distribu=on	
  for	
  the	
  new	
  scenario:	
  

  Valence	
  distribu=ons	
  for	
  the	
  new	
  scenarios:	
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Impact	
  of	
  LHeC	
  deuteron	
  data	
  

  3.5	
  TeV	
  x	
  60	
  GeV,e-­‐,	
  P=-­‐0.8,	
  1R-­‐1	
  Neutral	
  and	
  Charged	
  Current,	
  exp	
  uncertain=es 	
  	
  
	
  
	
  

Future fit of jointly ep and eD data will lead to precise unfolding of u-d   
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Summary	
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Extra	
  Studies	
  

  Can	
  LHC	
  alone	
  give	
  precise	
  PDFs?	
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F2charm	
  and	
  F2beauty	
  from	
  LHeC	
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Strangeness	
  from	
  LHeC	
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Alphas	
  from	
  DIS	
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Precise	
  Alphas	
  from	
  DIS	
  at	
  the	
  LHeC	
  	
  
Strong	
  coupling	
  from	
  DIS	
  processes	
  s=ll	
  seem	
  to	
  prefer	
  smaller	
  values	
  

o  Results	
  from	
  HERA	
  show	
  that	
  even	
  with	
  precise	
  HERA	
  data	
  one	
  has	
  to	
  rely	
  on	
  jet	
  measurements	
  
in	
  order	
  to	
  constrain	
  gluon	
  PDFs	
  

The	
  determina=on	
  of	
  the	
  strong	
  coupling	
  at	
  the	
  LHeC	
  could	
  solve	
  this	
  ambiguity.	
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Expected	
  precision	
  on	
  alphas(Mz)	
  from	
  DIS	
  
  A	
  dedicated	
  study	
  to	
  determine	
  the	
  accuracy	
  of	
  alphas	
  from	
  the	
  	
  LHeC	
  was	
  performed	
  using	
  for	
  the	
  

central	
  values	
  the	
  SM	
  predic=on	
  smeared	
  within	
  its	
  uncertain=es	
  assuming	
  Gauss	
  distribu=on	
  and	
  
taking	
  into	
  account	
  correla=ons	
  (accuracy	
  reflects	
  the	
  total	
  experimental	
  uncertainty)	
  

LHeC	
  promises	
  per	
  mille	
  accuracy	
  on	
  alphas!	
  
	
  
	



  Previously	
  (HERA,	
  fixed	
  target)	
  limited	
  by	
  	
  uncertainty	
  of	
  low	
  x,	
  which	
  LHeC	
  can	
  cure;	
  	
  
  full	
  exploita=on	
  of	
  this	
  requires	
  pQCD	
  at	
  NNNLO;	
  	
  
  LHeC	
  can	
  provide	
  a	
  new	
  level	
  of	
  predic=ng	
  grand	
  unifica=on	
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addi=onal	
  

  Gluon	
  

  Strange	
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Gluon-­‐Gluon	
  Luminosity	
  	
  
  Parton	
  parton	
  luminosity	
  func=ons	
  provide	
  an	
  easy	
  way	
  to	
  

assess	
  the	
  uncertainty	
  on	
  cross	
  sec=ons	
  due	
  to	
  
uncertain=es	
  in	
  the	
  pdfs	
  

  gg luminosity is a measure of the gluino pair production – one of the 
interesting SUSY channels with high masses accessible in the HL-LHC phase. 	



Voica Radescu| DESY         |DIS – Warsaw |  LHeC   26 



LHeC	
  studies	
  scenarios	
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28 

Impact	
  of	
  LHeC	
  on	
  PDFs:	
  zoom	
  on	
  low	
  x	
  
* Experimental uncertainties are shown at the starting scale Q2=1.9 GeV2 	



dval 

gluon 

uval 

Sea 
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Impact	
  of	
  LHeC	
  on	
  PDFs:	
  zoom	
  on	
  high	
  x	
  
* Experimental uncertainties are shown at the starting scale Q2=1.9 GeV2 	



dval uval 

Sea gluon 



Parton	
  Distribu=on	
  Func=ons	
  
•  	
  Current	
  knowledge	
  and	
  uncertain=es	
  

display	
  differences	
  that	
  need	
  to	
  be	
  
understood	
  and	
  that	
  may	
  have	
  
substan=al	
  impact	
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Impact	
  on	
  d/u	
  ra=os	
  
  Constrained	
  	
  decomposi=on:	
  

  Unconstrained	
  sea	
  decomposi=on:	
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