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IntroducSon	  

Summary	  of	  SM	  total	  cross	  secSons	  measurements	  compared	  to	  theory	  	  
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IntroducSon	  

Run2	  (and	  	  Run3)	  will	  focus	  on	  precision	  Higgs	  physics	  	  and	  
BSM	  searches	  
However	  the	  huge	  data	  samples	  that	  will	  be	  collected	  by	  the	  
LHC	  experiments	  will	  provide	  a	  unique	  opportunity	  to	  test	  the	  
SM	  (QCD	  in	  parScular)	  with	  an	  unprecedented	  precision	  
	  
Will	  focus	  in	  the	  following	  on	  QCD	  (PDFs,	  Hadronic	  Jets	  and	  αs)	  
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TheoreScal	  Framework	  
Collinear	  FactorizaSon	  in	  HadroproducSon:	  
	  

DGLAP	  EquaSons:	  

Need	  precise	  predicSons	  for	  hard	  sca^ering	  processes	  and	  PDFs	  	   4	  



Sources	  of	  theoreScal	  	  Uncertainty	  

5	  



LHC	  and	  proton’s	  PDFs	  
The	  LHC	  data	  have	  already	  started	  to	  provide	  new	  informaSon	  on	  
PDFs	  	  and	  this	  is	  going	  to	  be	  even	  more	  	  the	  case	  in	  the	  coming	  years.	  
	  
It	  is	  Likely	  that	  in	  the	  next	  couple	  of	  decades	  most	  of	  the	  new	  
constrains	  on	  PDF	  will	  come	  from	  the	  LHC	  (the	  only	  possible	  excepSon	  
being	  the	  LHeC	  	  in	  case	  	  this	  machine	  is	  built).	  
	  
The	  accuracy	  required	  by	  the	  present	  and	  future	  global	  DGLAP	  fits	  
demand	  the	  inclusion,	  in	  the	  future	  LHC	  measurements,	  of	  the	  full	  
informaSon	  on	  the	  correlaSon	  among	  systemaSc	  uncertainSes.	  
	  
For	  Run	  2	  and	  3	  the	  LHC	  experiments	  should	  in	  addiSon	  converge	  on	  
an	  agreed	  way	  to	  present	  the	  uncertainSes	  and	  correlaSon	  of	  their	  
measurements.	  This	  in	  order	  to	  ease	  combinaSon	  	  (to	  avoid	  a	  
proliferaSon	  of	  data	  sets	  to	  be	  included	  in	  DGLAP	  Fits).	  
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Q2-‐x	  kinemaSc	  plane	  
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Parton	  LuminosiSes	  
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LHC	  and	  proton’s	  PDFs	  
In	  the	  following	  will	  try	  to	  high-‐light	  those	  observables	  that	  have	  the	  
highest	  potenSal	  to	  improve	  our	  knowledge	  of	  the	  PDFs	  
	  
Will	  present,	  somewhat	  arSficially,	  the	  various	  observable	  according	  
to	  the	  ‘most	  affected	  parton	  densiSes’:	  
	  
-‐  Light	  quarks	  	  (valence,	  sea	  and	  strange)	  
-‐  Gluon	  
-‐  Heavy	  flavours	  
	  
Caveat:	  only	  in	  a	  global	  fit	  one	  can	  fully	  quanSfy	  the	  correlaSons	  
among	  PDFs	  and	  the	  full	  impact	  of	  the	  measured	  observables	  
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W	  and	  Z	  producSon	  
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	  Charge	  Asymmetry	  

Early	  measurements	  prompted	  MSTW08	  “fix”	  (MSTW08CPdeut)	  

SensiSve	  to	  valence	  quarks	  (uv,	  dv):	  	  	  	  	  
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Charge	  Asymmetry	  
Latest	  CMS	  result	  (7	  TeV	  -‐	  4.7o-‐1)	  

Precise	  enough	  to	  discriminate	  already	  among	  different	  PDFs	  sets	  12	  



Drell-‐Yan	  DifferenSal	  Cross	  secSons	  

LHCb	  data	  probe	  complementary	  	  
Phase-‐space	  wrt	  ATLAS	  and	  CMS	  
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High	  Mass	  Drell-‐Yan	  Cross	  
secSons	  

Data	  systemaScally	  	  above	  theory	  (NNLO(QCD)+EW(NLO)+PI)	  
Measurement	  have	  the	  potenSal	  to	  constrain	  PDFs	  (anSquarks	  at	  large	  x)	  	  14	  



Low	  Mass	  DY	  Cross	  secSons	  

Agreement	  in	  shape.	  Full	  correlaSons	  provided	  
Should	  we	  start	  considering	  to	  replace	  fixed	  target	  DY	  data	  with	  LHC	  ones?	  
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Strange	  
W	  producSon	  	  provide	  handle	  on	  strangeness	  (Tevatron:	  s	  -‐	  sbar)	  
	  
Do	  we	  confirm	  ‘Strange	  suppression’?	  -‐>	  (CCFR/NuTeV	  dimuon	  cross	  secSons)	  
	  
ATLAS	  tried	  to	  address	  this	  issue	  by	  a	  DGLAP	  fit	  using	  W,	  Z	  diff	  cross	  secSons	  	  
combined	  with	  inclusive	  HERA	  Data:	  
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Strange:	  From	  W+c	  producSon	  
	  
A	  direct	  handle	  on	  strangeness	  come	  s	  from	  W	  producSon	  with	  an	  associated	  
charmed-‐tagged	  jet	  or	  c-‐meson	  
	  
	  

	  
	  
	  
	  
ATLAS	  and	  CMS	  have	  presented	  recently	  interesSng	  results	  
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Strange:	  W+c	  producSon	  
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DifferenSal	  Cross	  secSons	  
WD*	   WD	  

ATLAS	  data	  favour	  	  PDFs	  where	  s-‐quark	  and	  d-‐quark	  contribuSon	  are	  comparable	  
Reminder:	  	  	  MSTW08,	  NNPDF2.3	  and	  HERAPDF1.5	  have	  strange	  suppressed	  by	  0~.5	  	  vs	  d	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  CT10	  by	  ~0.75	  vs	  d	  
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DifferenSal	  cross	  secSons	  

Somewhat	  different	  picture	  emerge:	  
Cross	  secSons	  are	  well	  described	  by	  theoreScal	  predicSons	  (using	  	  PDFs	  	  sets	  with	  
suppressed	  s-‐quark).	  
Note:	  Measurements	  refer	  to	  different	  phase	  space	  	  regions	   20	  



Charged	  cross	  secSon	  raSo	  

aMC@NLO	   MCFM	  (NLO)	  

For	  Rc:	  	  	  measurements	  are	  in	  agreement	  with	  theoreScal	  predicSons	  
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Jet	  ProducSon	  and	  high-‐x	  gluon	  
Test	  (NLO)	  pQCD,	  probes	  (mostly)	  the	  high-‐x	  gluon	  
	  

Already	  included	  in	  NNPDF2.3	  
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Dijet	  Cross	  SecSons	  
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Should	  be	  included	  in	  forthcoming	  DGLAP	  fits.	  Impact	  on	  high-‐x	  gluon	  
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αs	  from	  3	  to	  2	  jet	  raSo	  (N3/2)	  

24	  Comparable	  sensiSvity	  to	  αs	  ;	  N3/2	  smaller	  dependence	  on	  scale	  choice	  	  



αs	  from	  N3/2	  
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Test	  RGE	  at	  the	  TeV	  energy	  range.	  
N3/2	  ,	  very	  effecSve	  observable	  for	  αS	  determinaSon	  
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αs	  from	  R32,3-‐jet	  mass	  and	  ^	  

Test	  RGE	  at	  the	  TeV	  energy	  range.	  
Various	  processes	  exploited.	  Should	  try	  to	  expand	  the	  energy	  range	   26	  



αs(MZ)	  
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Jets	  and	  αs	  

Span	  15	  orders	  of	  magnitude,	  	  	  20	  GeV	  <	  pT(jet)	  <	  	  2TeV	  
Need	  NNLO	  theory	  and	  dedicated	  low	  PU	  runs.	  Impact	  on	  	  high-‐x	  gluon.	  
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Heavy	  Flavours	  

Important	  contribuSon	  to	  SM	  predicSons	  
	  
Different	  HF	  treatment	  schemes	  (VFNS,	  FFS)	  
	  
Present	  and	  forthcoming	  HERA	  data	  (c,b)	  
sSll	  important	  in	  the	  middle	  term	  
	  
At	  the	  LHC,	  Z	  producSon	  in	  associaSon	  to	  	  
tagged	  c-‐	  and	  b-‐jets	  should	  provide	  significant	  	  
constraints.	  
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Instead	  of	  Conclusion	  

UncertainSes	  on	  PDFs	  limit	  our	  knowledge	  of	  cross	  secSons	  
whether	  SM	  or	  BSM	  
	  
Any	  claim	  for	  New	  Physics	  	  at	  the	  highest	  masses	  depend	  on	  
the	  PDFs	  determined	  from	  SM	  processes	  
	  
SM	  LHC	  measurements	  are	  in	  a	  unique	  posiSon	  to	  greatly	  
improve	  our	  knowledge	  of	  the	  proton’s	  structure	  
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