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Overview	  of	  the	  Overview	  

•  Heavy	  Quarks	  (top,	  b,	  c)	  
•  EW	  &	  QCD	  
•  Higgs	  
•  BSM	  searches	  
•  Heavy	  ions	  
•  Neutrinos	  

With	  thanks	  to	  all	  the	  speakers	  at	  LP11,	  whom	  I	  have	  liberally	  plagiarized	  	  	  
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2011:	  a	  great	  year	  for	  colliders!	  

•  But	  also	  a	  poignant	  year	  
–  Final	  data	  taking	  summary	  from	  Tevatron	  	  

•  Data	  taking	  efficiencies	  >	  90%	  for	  most	  
experiments	  

•  Phenomenal	  speed	  from	  data	  taking	  to	  
physics	  results!	  

•  LHC	  aperture,	  emiCance,	  reproducibility,	  beam	  
instrumenta]on,	  agreement	  with	  simula]ons	  	  
è	  long	  term	  prospects	  look	  excellent	  

	  	  	  	  	  	  	  Auto	  luminosity	  leveling	  for	  LHCb	  at	  <μ>≈1.5	   3	  

11.9	  b-‐1	  

10.7	  b-‐1	  



Passing	  the	  baton:	  
Tevatron	  and	  LHC	  on	  
the	  same	  horizontal	  
and	  ver]cal	  scales!	  
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Tevatron	  final	  two	  years	  	  	  



LHC	  luminosity	  determina]on	  

•  Calibrated	  using	  van	  der	  
Meer	  scans	  

•  Present	  uncertainty	  ±3.7%	  	  
–  dominated	  by	  beam	  current	  

measurements	  ±3%	  
•  already	  impressive	  
•  could	  come	  down	  by	  around	  
a	  factor	  of	  two?	  
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Top	  pair	  cross	  sec]on	  

C	  produc]on	  cross	  sec]on	  
precision	  7-‐10%	  at	  both	  Tevatron	  and	  LHC	  

	  
	  
Extract	  pole	  mass	  
(complementary	  systema]c]cs	  
to	  direct	  reconstruc]on)	  
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Electroweak	  produc]on	  of	  single	  top	  

Try	  to	  dis]nguish	  s	  and	  t	  
channel	  produc]on	  
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Top	  forward-‐backward	  asymmetry	  

•  CDF	  sees	  mass	  
dependence	  

–  not	  confirmed	  
by	  DØ	  
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Search	  for	  Bsèμμ	  

•  LHCb:	  calibrate	  mass	  scale	  and	  resolu]on	  with	  J/ψ	  and	  ϒ	  
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Bs	  mixing	  

•  Δms	  (world	  average)	  =	  17.731	  ±	  0.045	  ps-‐1	  
–  Dominated	  by	  LHCb	  with	  341	  pb-‐1	  

•  Δms	  (Standard	  Model)	  =	  16.8	  +0.26	  -‐0.15	  ps-‐1	  
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CP	  viola]on	  in	  neutral	  B	  meson	  semileptonic	  decays	  
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•  Dominant	  systema]cs	  controlled	  by:	  
–  reversing	  field	  direc]ons	  	  
–  measuring	  difference	  in	  K±→μ±	  rates	  in	  data	  



CP	  viola]on	  in	  neutral	  B	  meson	  semileptonic	  decays	  
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•  LHCb	  starts	  with	  CP	  non-‐invariant	  ini]al	  state:	  
–  measure	  difference	  between	  Bd	  and	  Bs	  asymmetries	  

•  LHCb	  MC	  sensi]vity	  study	  with	  1	  b-‐1	  



CP	  viola]on	  in	  Bs→J/Ψφ	  
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LHCb:	  



New	  physics	  in	  Bd	  system?	  
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D0	  mixing	  

Measurements	  so	  far	  consistent	  
with	  zero	  CP	  viola]on	  



Jets	  and	  QCD	  

Inclusive	  jet	  pT	  
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Jet	  energy	  scale	  
uncertain]es	  crucial!	  

Ra]o	  of	  3-‐	  to	  2-‐jet	  rates	  



Precision	  EW	  Fit	  Summary	  
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W-Boson Mass  [GeV]

mW  [GeV]
80 80.2 80.4 80.6

χ2/DoF: 0.9 / 1

TEVATRON 80.420 ± 0.031

LEP2 80.376 ± 0.033

Average 80.399 ± 0.023

NuTeV 80.136 ± 0.084

LEP1/SLD 80.362 ± 0.032

LEP1/SLD/mt 80.363 ± 0.020

July 2011

•  Δmt	  (Tevatron)	  =	  0.9	  GeV	  
•  Equal	  contribu]on	  to	  ΔmH	  would	  require	  ΔmW	  =	  5	  MeV!	  
•  Possibly	  expect	  ΔmW	  =	  ~15	  MeV	  per	  experiment?	  

–  Will	  require	  many	  `engineering’	  measurements	  
•  PDFs,	  vector	  boson	  pT,	  etc.	  



Vector	  boson	  pT	  	  

•  First	  measurements	  
from	  the	  LHC	  

•  A	  new	  idea	  from	  
DØ:	  φ*η	  
–  Very	  much	  reduced	  

systema]c	  
uncertain]es	  

–  Sta]s]cs	  limited	  
even	  with	  ~1M	  Z	  
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Parton	  Distribu]on	  Func]ons	  and	  vector	  boson	  rapidi]es	  
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•  N.B.	  Models	  unable	  to	  describe	  well	  
lepton	  pT	  dependence	  

•  Care	  needed	  when	  extrac]ng	  W	  rapidity	  
(and	  thus	  PDF	  informa]on)	  

Charged	  lepton	  AFB	  in	  lepton	  pT	  bins	  (DØ)	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Inclusive	  W	  boson	  AFB	  (CDF)	  	  
GPDs	  +	  LHCb	  cover	  huge	  range	  in	  
lepton	  pseudorapidity	  (and	  thus	  x,	  Q2)	  	  	  	  	  	  	  	  	  

Z	  boson	  rapidity	  at	  the	  
Tevatron	  and	  the	  LHC	  
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•  Uncertainty	  dominated	  by	  Δαhad(q2)	  
–  effect	  of	  qq	  loops	  at	  low	  q2	  

•  Cannot	  be	  calculated	  from	  first	  principles	  in	  pQCD	  
•  Experimentally	  accessible	  by:	  

–  direct	  scans	  
–  radia]ve	  return	  

∫∝
2 

Im

Hadrons 
e+ 

e- 

Running	  of	  α	  



Electroweak	  di-‐boson	  produc]on	  (leptonic	  modes)	  

Sensi]ve	  to	  poten]al	  new	  
physics	  contribu]ons,	  	  
e.g.,	  at	  triple	  gauge	  
coupling	  ver]ces	  	  
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Wγ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  WZ	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  ZZ	  

Current	  observa]ons	  (small	  sta]s]cs)	  
consistent	  with	  SM	  predic]ons	  

–  Long	  term	  area	  of	  study	  at	  LHC!	  



WZ+ZZ	  produc]on	  (lepton+jet	  modes)	  
•  More	  challenging	  because	  of	  large	  V+jet	  

backgrounds,	  but	  clear	  signals	  for	  WZ+ZZ	  
observed	  at	  the	  Tevatron	  
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	  	  	  	  	  	  	  CDF	  excess	  	  	  	  	  	  	  	  	  	  ……..	  	  	  	  	  	  	  	  ruled	  out	  by	  DØ	  	  	  

	  	  	  	  	  	  	  ……	  even	  more	  challenging	  at	  the	  LHC!	  



Higgs	  searches	  

•  EW	  fit	  
–  mH	  <	  161	  GeV	  @	  95%	  CL	  

•  Region	  preferred	  by	  EW	  data	  
is	  within	  reach	  of	  Tevatron	  
and	  LHC	  experiments	  
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Higgs	  searches	  

no	  b-‐tagging	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  1	  b-‐tag	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  2	  b-‐tags	  
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Higgs Searches at High Mass 

•  Look for leptonic decays of WW 
•  Look at azimuthal angle between 

the two charged leptons 
–  Higgs: small Δφ 
–  Standard WW events: large Δφ 

	  	  	  	  	  	  	  	  	  	  	  	  l +	  
	  

	  

	  

Δφ	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  l -‐	   Higgs x 10 

W+ e+ νe 

W- e- νe 

   Higgs is a spin zero particle 

_	  



Higgs	  searches:	  background	  subtracted	  distribu]ons	  

•  a	  
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•  In the absence of a signal  
–  Set a limit on the allowed cross section times branching ratio for Higgs production 

•  that is, how large could cross section times branching ratio for Higgs production be before it 
would have been visible? 

–  Express limit as a ratio to the cross section expected in the Standard Model 
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Current CDF+DØ Combined Limits 

Standard Model Higgs ruled out @ 95% CL if the limit reaches this level! 

 
•  “Observed limit” 
      obtained from  
      CDF+DØ data 
•    

•  “Expected limit” 
obtained by repeating 
the analysis on a large 
number of 
“background-only” 
Monte Carlo 
“experiments” 



Higgs	  searches	  @	  CMS	  
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Higgs	  searches	  @	  ATLAS	  
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SM	  Higgs	  prospects	  
•  The	  gold	  standard	  for	  SM	  Higgs	  discovery	  or	  exclusion	  is	  the	  same:	  5σ	  (one-‐

sided	  CL	  ~3x10-‐7)	  
–  Finding	  the	  SM	  Higgs	  is	  clearly	  an	  important	  discovery,	  but	  ….	  
–  Excluding	  the	  SM	  should	  be	  regarded	  (and	  presented	  to	  the	  outside	  world)	  as	  a	  

discovery	  of	  equal	  or	  greater	  significance	  
•  The	  most	  challenging	  region	  is	  for	  MH	  around	  114	  GeV:	  

–  Tevatron	  and	  LHC	  searches	  are	  complementary	  	  
•  Tevatron	  (WH	  &	  ZH,	  with	  Hèbb),	  LHC	  (Hèγγ)	  

•  With	  roughly	  10	  b-‐1	  per	  experiment	  at	  both	  Tevatron	  and	  LHC	  expect	  to	  reach	  
combined	  5σ	  sensi]vity	  over	  the	  en]re	  range	  114	  <	  MH	  <	  600	  GeV	  

•  Either	  outcome	  (exclusion	  or	  discovery)	  will	  be	  just	  the	  start	  of	  a	  major	  
programme	  of	  work	  requiring:	  

–  Years	  of	  LHC	  running	  at	  design	  luminosity	  and	  energy	  
–  The	  full	  capability	  of	  the	  LHC	  detectors	  and	  ingenuity	  of	  the	  analysers	  

•  If	  light	  Higgs	  is	  excluded	  at	  5σ	  need	  to	  discover	  mechanism	  that	  prevents	  cross	  
sec]on	  for	  VLVL	  scaCering	  from	  viola]ng	  unitarity	  

•  If	  light	  Higgs	  is	  discovered	  at	  5σ	  need	  to	  measure	  its	  mass	  and	  verify	  that	  all	  of	  
its	  proper]es	  are	  consistent	  with	  those	  expected	  in	  the	  SM	  

30	  



Searches	  for	  new	  physics	  
•  Nothing	  seen	  yet	  (that	  the	  experiments	  are	  talking	  about	  ;-‐)	  

	  

•  N.B.	  The	  LHC	  was	  designed	  to	  deliver	  100s	  b-‐1	  @	  14	  TeV	  so	  it	  is	  early	  days	  yet!	   31	  



μèeγ	  search:	  MEG	  experiment	  @	  PSI	  

•  Combined	  sample	  	  
–  1.8	  x	  1014	  μ	  decays	  

•  Br(μèeν)	  <	  2.4	  x	  10-‐12	  	  
–  @	  90%	  CL	  
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2009	  data	   2009	  data	  

2010	  data	   2010	  data	  



Heavy	  Ions	  
•  LHC	  performed	  extremely	  well	  

for	  the	  Pb-‐Pb	  run	  (Nov	  2010)	  
-‐  delivered	  ~	  8	  µb-‐1	  in	  4	  weeks	  	  

-  L>	  2x1025	  cm-‐2s-‐1,	  ~	  1/20	  Lmax	  

–  Special	  pp	  run	  at	  √s	  =	  2.76	  TeV	  
-‐  Important	  for	  normaliza]on	  of	  

PbPb	  results	  to	  pp	  	  

•  Azimuthal	  flow	  
-‐  The	  system	  produced	  at	  the	  LHC	  

behaves	  as	  a	  very	  low	  viscosity	  
fluid	  (a	  perfect	  fluid)	  
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Heavy	  Ions	  
Electroweak	  probes	  

•  Rate	  in	  agreement	  with	  
NLO	  calcula]ons,	  scaled	  
by	  number	  of	  collisions	  
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Charged	  par]cle	  spectra	  
RAA:	  Ra]o	  of	  Pb-‐Pb	  to	  pp	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
	  
•  The	  most	  central	  events	  show	  

the	  greatest	  suppression	  
•  Pronounced	  pT	  dependence	  
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Heavy	  Ions	  

•  Large	  dijet	  imbalance	  
observed	  in	  central	  events	  
–  direct	  observa]on	  of	  parton	  

energy	  loss	  in	  nuclear	  maCer	  
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Christof Roland 3 Quark Matter 2011, Annecy

Jets in the CMS detector

Di-jet Asymmetry, R = 0.2
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R = 0.2

ET1 > 100 GeV

ET2 > 25 GeV

NB: underlying event fluctuations in R = 0.2 ~ 1/2 of R = 0.4
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Aj =
pT,1 - pT,2

pT,1 + pT,2

Dijet Asymmetry

• Dijet selection:

– | #Jet| < 2

– Leading jet pT,1 > 120GeV/c

– Subleading jet pT,2> 50GeV/c

– !"1,2 > 2$/3

• Quantify dijet energy imbalance by asymmetry ratio:

• Removes uncertainties in overall jet energy scale



Heavy	  Ions	  
J/Ψ	  suppression	  
	  
•  For	  central	  rapidi]es	  similar	  

suppression	  at	  LHC	  and	  RHIC	  

•  Forward	  rapidi]es	  less	  suppression	  at	  
LHC	  than	  at	  RHIC	  

–  N.B.	  |y|	  ranges	  different	  
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νμ	  disappearance	  (Θ23)	  

T2K	  achieves	  remarkable	  precision	  with	  
small	  data	  set	  
	  
	  
	  
	  
	  
	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  L/E	  (GeV/km)	  

MINOS	  	  	  T2K	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  νe	  	  	  νμ	  	  	  ντ	   37	  



ντ	  appearance	  (Θ23)	  

OPERA	  have	  observed	  
one	  candidate	  event	  
with	  1.6	  expected	  
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τ➝ρντ	 	 
ρ➝ππ0(π0➝γγ)	



νμèνe	  appearance	  (Θ13)	  

T2K:	  	  	  	  	  	  	  	  2.5	  sigma	  significance	  
MINOS:	  	  1.7	  sigma	  

39	  



νe	  disappearance	  (Θ12)	  	  
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	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Solar	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Reactor	  	  

	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  KAMLAND	  

PP-‐chain	  



Supra-‐luminal	  neutrinos	  @	  OPERA?	  	  

Time	  shi�	  rela]ve	  to	  assump]on	  v=c	  
	  
Frac]onal	  discrepancy	  with	  assump]on	  v=c	  
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•  Some	  results	  in	  non-‐accelerator-‐based	  astro-‐par]cle	  physics	  are	  
covered	  in	  the	  talk	  by	  Hitoshi	  Murayama	  immediately	  following	  
this	  one	  
–  and	  are	  the	  subject	  of	  a	  dedicated	  session	  on	  Tuesday	  	  

42	  



Conclusions,	  Outlook	  
•  We	  live	  in	  exci]ng	  ]mes!	  

•  LHC	  2011	  has	  exceeded	  all	  expecta]ons!	  
–  this	  is	  great	  news	  for	  our	  en]re	  field	  

•  Tevatron	  experiments	  have	  now	  ceased	  data	  taking	  
–  but	  have	  much	  data	  s]ll	  to	  analyze	  

	  
•  Huge	  number	  of	  interes]ng	  measurements	  of	  which	  I	  have	  had	  ]me	  to	  

describe	  but	  a	  few	  

•  Many	  3	  sigma	  effects	  have	  come	  and	  gone	  over	  past	  3	  years,	  but	  some	  
current	  hints	  are	  definitely	  worth	  watching:	  

–  LHC/Tevatron	  Higgs	  (discovery	  or	  exclusion)	  
–  Tevatron	  top	  AFB	  
–  DØ	  like-‐sign	  muons	  Ab

sl	  
–  T2K/MINOS	  Θ13	  
–  OPERA	  supra-‐luminal	  ν	  

•  Updates	  on	  these	  and	  a	  number	  of	  other	  new	  results	  should	  be	  available	  
next	  year,	  e.g.:	  

–  Θ13	  from	  reactors:	  near+far	  detectors	  	  
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Backup	  slides	  

•  a	  
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