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Outline	
  
•  IntroducDon	
  
•  Physics	
  Results	
  –	
  electroweak,	
  top,	
  b-­‐physics,	
  
QCD,	
  new	
  phenomena	
  

•  The	
  Future	
  

NOTE	
  –	
  Higgs	
  Results	
  and	
  Plans	
  will	
  be	
  
presented	
  next	
  by	
  Florencia	
  Canelli	
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Final	
  OperaDons	
  
September	
  30,	
  2011	
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Most	
  luminous	
  
proton-­‐an/proton	
  

collider	
  ever!	
  



Impressive	
  Physics	
  Results	
  

•  Run	
  II	
  PublicaDons	
  
– CDF: 	
  285	
  
– D0:	
  	
   	
  244	
  

•  2011	
  PublicaDons	
  
– CDF: 	
  	
  	
  32	
  
– D0:	
  	
   	
  	
  	
  40	
  

•  Dozens	
  of	
  talks	
  at	
  EPS	
  
and	
  DPF	
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CDF	
  History	
  of	
  Journal	
  PublicaDons	
  



Electroweak	
  Physics	
  



Electroweak	
  Physics	
  Results	
  
•  EW	
  Boson	
  ProducDon	
  
– W,	
  Z	
  producDon	
  

– W,	
  Z	
  differenDal	
  cross	
  
secDon	
  

–  anomalous	
  couplings	
  

–  charge	
  asymmetry	
  

•  EW	
  Boson	
  ProperDes	
  
– W	
  mass	
  

– W	
  width	
  

–  rare	
  decays	
  

•  Di-­‐boson	
  ProducDon	
  
– WW	
  

– WZ	
  
–  ZZ	
  
–  triple	
  gauge	
  couplings	
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WW/WZàlνjj	
  
•  CDF	
  Analysis	
  
–  Bkgs:	
  W+jets,	
  Z+jets,	
  cbar/single	
  
top,	
  QCD	
  mulDjets	
  (data-­‐driven)	
  

–  4.1σ	
  excess	
  
–  several	
  theoreDcal	
  models	
  
suggested	
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•  DØ	
  Analysis	
  
–  no	
  evidence	
  observed	
  

•  Ongoing	
  joint	
  effort	
  to	
  
evaluate	
  differences	
  
between	
  CDF	
  and	
  DØ	
  

4.3	
  h-­‐1	
  

7.3	
  h-­‐1	
  

PRL	
  107,	
  011804	
  (2011)	
  

PRL	
  106,	
  171801	
  (2011)	
  



WW/WZ	
  ProducDon	
  

•  CriDcal	
  background	
  to	
  many	
  Higgs	
  searches	
  
•  DØ	
  W+jets	
  analysis	
  
–  σ(WV)	
  =	
  19.6+3.2-­‐3.0	
  pb	
  	
  

•  7.9σ	
  significance	
  
–  use	
  b-­‐tagging	
  to	
  separate	
  

•  σ(WW)	
  =	
  15.9+3.7-­‐3.2	
  pb	
  

•  σ(WZ)	
  =	
  3.3+4.1-­‐3.3	
  pb	
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4.3	
  h-­‐1	
  

arXiv:1112.0536	
  



Top	
  Quark	
  Physics	
  



Top	
  Quark	
  Measurements	
  
•  ProducDon	
  

–  cross	
  secDons	
  
–  asymmetry	
  
–  resonance	
  
producDon	
  

–  spin	
  correlaDons	
  
•  Decays	
  

–  |Vtb|	
  
–  anomalous	
  
couplings	
  

–  new	
  parDcles	
  
•  ProperDes	
  

–  mass	
  
–  width	
  
–  charge	
  

	
  
–  spin	
  
–  polarizaDon	
  
–  lifeDme	
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Top	
  Quark	
  Asymmetry	
  

•  Why	
  measure?	
  
– evidence	
  of	
  new	
  
parDcles	
  beyond	
  our	
  
energy	
  reach	
  can	
  
appear	
  in	
  asymmetry	
  

– example:	
  PETRA	
  saw	
  
evidence	
  of	
  Z	
  even	
  at	
  
√s	
  =	
  34	
  GeV	
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AFB =
F�B
F + B

Y

6

• Test of discrete symmetries of the 
strong interaction

• NLO QCD predicts small (~6%) 
asymmetry from qq➜tt

• New physics can show up: Big 
Gluons with axial vector coupling

9

AFB =
F�B
F + B

Y

6



Top	
  Quark	
  Asymmetry	
  

•  CDF	
  
–  lepton+jets	
  	
  

•  ~2σ	
  deviaDon	
  from	
  SM	
  

– dileptons	
  	
  
•  ~2.7σ	
  deviaDon	
  from	
  SM	
  

•  DØ	
  
–  lepton+jets	
  

•  ~2.4σ	
  deviaDon	
  from	
  SM	
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AFB =
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Y
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5.4	
  h-­‐1	
  

5.1	
  h-­‐1	
  

5.3	
  h-­‐1	
  

arXiv:1107.4995	
  



Top	
  Quark	
  Asymmetry	
  

•  CDF	
  has	
  also	
  invesDgated	
  a	
  
mass	
  dependence	
  
–  DØ	
  does	
  not	
  see	
  a	
  mass	
  
dependence	
  

•  Top	
  quark	
  asymmetry	
  is	
  a	
  
different	
  measurement	
  at	
  
the	
  LHC,	
  but	
  this	
  would	
  	
  
manifest	
  itself	
  in	
  other	
  
measurements	
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AFB =
F�B
F + B

Y

6

AFB =
F�B
F + B

Y

6

•Unfold Mtt dependence back to 
parton level

AFB = 48 ± 11stat+syst  %

5.3 fb-1

AFBTheory = 9 ± 1 %

21



Single	
  Top	
  ProducDon	
  

•  We	
  have	
  now	
  begun	
  using	
  single	
  
top	
  producDon	
  to	
  study	
  top	
  
quark	
  properDes	
  and	
  search	
  for	
  
new	
  physics	
  
–  |Vtb|	
  
–  Width	
  
–  PolarizaDon	
  
–  Wtb	
  couplings	
  
–  W’àtb	
  
–  FCNC	
  producDon	
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3.2	
  h-­‐1	
  5.4	
  h-­‐1	
  



B-­‐Physics	
  



B	
  Physics	
  

•  Hadron	
  spectroscopy	
  
–  discovery,	
  e.g.	
  Ωb

-­‐,	
  Y(4140),	
  Ξb-­‐,	
  Σb±	
  

•  CP-­‐violaDon	
  measurements	
  
–  e.g.	
  D0,	
  B0,	
  Bs,	
  ACP,	
  dimuon	
  charge	
  asymmetry	
  

•  ProducDon	
  cross	
  secDons	
  
–  generic	
  charm	
  and	
  bocom,	
  specific	
  hadrons	
  

•  Decays	
  
–  Including	
  rare	
  decays,	
  e.g.	
  Bs

0àμμ	
  

•  ProperDes	
  
– mass,	
  lifeDmes,	
  etc.	
  

•  Searches	
  for	
  new	
  parDcles	
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Dimuon	
  Asymmetry	
  
•  Count	
  dimuon	
  events	
  with	
  

same	
  sign	
  
–  subtract	
  detector	
  
asymmetries	
  

•  Primarily	
  from	
  bb	
  events	
  
–  one	
  B0	
  or	
  Bs

0	
  oscillates	
  
–  higher	
  order	
  effects	
  
sensiDve	
  to	
  new	
  parDcles	
  

•  3.9σ	
  deviaDon	
  
•  Many	
  cross	
  checks	
  have	
  

been	
  performed	
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9	
  h-­‐1	
  

Asl
b =

Nb
++ − Nb

−−

Nb
++ + Nb

−−

_	
  

Asl
b = (−0.787± 0.172(stat)± 0.093(syst))%

Asl
b (SM ) = (−0.028−0.006

+0.005 )%

PRD	
  84,	
  052007	
  (2011)	
  



Ξb0	
  Discovery	
  

•  Several	
  new	
  b	
  hadrons	
  have	
  
been	
  observed	
  in	
  the	
  Tevatron	
  
Run	
  2	
  data	
  
–  Ωb

-­‐	
  

–  Y(4140)	
  
–  Ξb-­‐	
  	
  
–  Σb±	
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2011	
  Ξb0	
  
ObservaDon	
  

>6σ	
  

M(Ξb0)	
  =	
  5787±5.0±1.3	
  MeV/c2	
  

also	
  observed	
  Ξb-­‐	
  	
  in	
  
new	
  decay	
  mode	
  

4.2	
  h-­‐1	
  

CDF	
  Run	
  2	
  4.2	
  h-­‐1	
  

PRL	
  107,	
  102001	
  (2011)	
  



QCD	
  



QCD	
  

•  Jet	
  producDon	
  cross	
  secDons	
  
–  inclusive	
  jets,	
  exclusive	
  jets,	
  
differenDal	
  cross	
  secDons,	
  minbias	
  

•  Photon	
  producDon	
  
–  inclusive	
  photons,	
  diphotons	
  

•  W/Z+jets	
  
–  including	
  heavy	
  flavor	
  jets	
  

•  Angular	
  correlaDons	
  
•  Jet	
  substructure	
  
•  MulDple	
  parton	
  interacDons	
  
•  DiffracDve	
  processes	
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Diphoton	
  ProducDon	
  
•  Important	
  background	
  to	
  Hàγγ	
  and	
  new	
  

phenomena	
  searches	
  
•  Tests	
  of	
  perturbaDve	
  QCD	
  
•  DifferenDal	
  cross	
  secDons	
  

–  M(γγ),	
  pT(γγ),	
  Δϕ,	
  cosθ*	
  
–  DØ	
  also	
  measured	
  doubly	
  differenDal	
  cross	
  

secDons	
  
•  Disagreement	
  with	
  models	
  in	
  some	
  regions	
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5.4	
  h-­‐1	
  

4.2	
  h-­‐1	
  

PLB	
  690,	
  108	
  (2010)	
   PRL	
  107,	
  102003	
  (2011)	
  



Searches	
  for	
  New	
  Phenomena	
  



Dark	
  Macer	
  -­‐	
  Monojets	
  

•  Search	
  for	
  dark	
  macer	
  in	
  
monojets	
  +	
  MET	
  
–  jet	
  PT>60	
  GeV	
  and	
  MET>60	
  GeV	
  
–  no	
  excess	
  observed	
  
–  several	
  models	
  invesDgated	
  
–  improvements	
  in	
  reach	
  beyond	
  
dedicated	
  DM	
  searches	
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6

Selection Scale Factor
PreSelection 0.98
QCD Control 1
EWK Control 1.38
Signal Region 0.58

TABLE III: Normalization scale factors applied to the multijet rate matrix’s prediction. We assign a 50% uncertainty on the
scale factors.

FIG. 2: Representative diagrams for dark matter production. (left) Diagram for vector or axial-vector mediated dark matter
(�) production. (right) A t-channel mediator (M) exchange.

B. Non-Collision Model

To estimate the potential contribution from non-collision processes we utilize events identified by specialized CDF
algorithms designed to isolate events arising from non-collision sources [22]. The algorithms identify events containing
cosmic ray tracks, out-of-time energy, and events with low electromagnetic or track activity [22] with an e�ciency of
99%. To model remaining contamination, we normalize a sample of algorithm-identified non-collision events to 1% of
their initial number, and include this sample as an additional component of our background model. We assign a 100%
rate uncertainty on the normalization of this background, and in addition, we assign a 1% normalization uncertainty
on all simulated backgrounds, to account for the observed over-rejection rate of the algorithms in these samples.

C. Signal Models

We simulate 42 models of dark matter production usingMadGraph [13] with Pythia for showering. Representative
diagrams for signal processes are shown in Figure 2. Table IV details the model points and displays the predicted
production rate.

6.7	
  h-­‐1	
  



Searches	
  Based	
  on	
  Other	
  Analyses	
  
•  High	
  mass	
  ZZ	
  
resonance	
  
–  ZZàl+l+l-­‐l-­‐,	
  	
  
l+l-­‐jj,	
  l+l-­‐νν	
  

–  combine	
  the	
  
three	
  channels	
  

•  Search	
  for	
  a	
  narrow	
  
top-­‐anDtop	
  resonance	
  
–  use	
  l+jets	
  data	
  
–  explore	
  c	
  	
  
mass	
  	
  
spectrum	
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5.3	
  h-­‐1	
  6	
  h-­‐1	
  

_	
  

arXiv:1111.3432	
   arXiv:1111.1271	
  



Detector	
  Plans	
  

•  Cosmic	
  ray	
  operaDons	
  end	
  this	
  year	
  
•  Both	
  detectors	
  are	
  being	
  converted	
  to	
  public	
  
displays	
  

•  Part	
  of	
  the	
  Tevatron	
  	
  
tunnel	
  will	
  also	
  be	
  	
  
open	
  

12/17/11	
   Tevatron	
  Results	
  and	
  Plans	
  -­‐	
  T.	
  Adams,	
  FSU	
   28	
  



Future	
  Plans	
  
•  Make	
  legacy	
  measurements	
  
•  Concentrate	
  on:	
  
– unique	
  measurements	
  
– complementary	
  measurements	
  

– previously	
  observed	
  deviaDons	
  
•  We	
  have	
  the	
  data	
  

•  We	
  have	
  the	
  understanding	
  

•  We	
  have	
  the	
  resources	
  	
  
(people	
  and	
  compuDng)	
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Forthcoming	
  Results	
  
•  Just	
  a	
  sampling:	
  
•  W	
  mass	
  (world’s	
  best)	
  
•  W	
  charge	
  asymmetry	
  
•  Weinberg	
  angle	
  
•  top	
  charge	
  asymmetry	
  
•  top	
  quark	
  properDes	
  
•  s-­‐channel	
  single	
  top	
  
•  differenDal	
  top	
  cross	
  secDon	
  
•  like-­‐sign	
  dimuon	
  analysis	
  
•  CP-­‐violaDng	
  D0	
  measurement	
  
•  Bsàμμ	
  
•  differenDal	
  V+jets	
  and	
  photon	
  cross	
  secDons	
  
•  αs	
  dependence	
  
•  plus,	
  of	
  course,	
  the	
  Higgs	
  boson…	
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We	
  sDll	
  expect	
  75-­‐125	
  more	
  
publicaDons	
  from	
  Run	
  2	
  data!	
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•  x	
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ProducDon	
  Asymmetry	
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Top	
  Quark	
  Asymmetry	
  
•  CDF	
  

–  lepton+jets	
  	
  
•  Measured:	
  0.158±0.072±0.017	
  
•  SM:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.058±0.009	
  

•  ~2σ	
  deviaDon	
  from	
  SM	
  
–  dileptons	
  

•  Measured:	
  0.42±0.15±0.05	
  
•  SM:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.06±0.01	
  
•  ~2.7σ	
  deviaDon	
  from	
  SM	
  

–  Combined	
  
•  Measured:	
  0.20±0.07±0.02	
  
•  SM:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  0.06±0.01	
  

•  DØ	
  
–  lepton+jets	
  

•  Measured:	
  	
  (19.6	
  ±	
  6.5)%	
  
•  SM:	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  (5.0	
  ±	
  0.1)%	
  
•  ~2.4σ	
  deviaDon	
  from	
  SM	
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