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Outline	
  

•  Tevatron	
  and	
  the	
  collider	
  experiments	
  
•  Supersymmetry	
  in	
  a	
  nutshell	
  
•  Most	
  recent	
  results	
  on:	
  

–  3rd	
  genera9on	
  squarks	
  searches	
  
•  sboJom	
  D0:PLB	
  693,	
  95	
  (2010)	
  
•  stop	
  CDF:PRL	
  104,	
  251801	
  (2010);	
  CDF:Public	
  Note	
  9834;	
  D0:PLB	
  696,	
  321	
  (2011)	
  

–  Gauginos	
  searches	
  
•  same	
  sign	
  dileptons	
  CDF:	
  Public	
  Note	
  10464	
  &	
  10465	
  
•  diphotons	
  +	
  MET	
  D0:	
  PRL	
  105,	
  221802	
  (2010)	
  
•  «	
  Hidden	
  Valley	
  »	
  leptonic	
  jets	
  D0:	
  PRL	
  105,	
  211802	
  (2010)	
  

–  Charged	
  Massive	
  Long-­‐Lived	
  Par9cles:	
  =>	
  Sudeshna	
  Banerjee’s	
  talk	
  yesterday	
  
–  RPV	
  searches	
  

•  tau	
  sneutrinos	
  D0:	
  PRL	
  105,	
  191802	
  (2010)	
  	
  [eµ	
  channel]	
  

•  3-­‐jet	
  resonances	
  CDF:	
  Public	
  arXiv:	
  1105.2815	
  –	
  accepted	
  by	
  PRL	
  
•  Summary	
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Tevatron	
  @	
  Fermilab	
  
"   Both	
  CDF	
  and	
  D0	
  have	
  recorded	
  

over	
  10	
  k-­‐1	
  of	
  data	
  with	
  over	
  	
  
90%	
  efficiency	
  

"   I	
  will	
  concentrate	
  on	
  results	
  using	
  
up	
  to	
  6.3	
  k-­‐1	
  of	
  data	
  

•  P-­‐Pbar	
  collisions	
  at	
  1.96	
  TeV	
  
•  End	
  of	
  Run	
  II:	
  September	
  30,	
  2011	
  

11.52 

10.32 
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Detectors	
  @	
  Tevatron	
  
•  Silicon	
  Tracking,	
  |η|<2.5	
  

•  Dris	
  chamber	
  	
  

•  1.4	
  T	
  B	
  Field,	
  |η|<1.1	
  	
  
•  Pb/Cu/Scint	
  Calorimeter|η|<3.2	
  

•  Jet	
  Energy	
  Scale	
  2-­‐3%	
  	
  

•  μ	
  Dris/Scin9llator	
  Counters,	
  |η|<1.4	
  

•  Silicon	
  Tracking,	
  |η|<3	
  

•  Scin9lla9ng	
  Fiber	
  Tracker	
  

•  1.9	
  T	
  B	
  Field,	
  |η|<2	
  
•  LAr/U	
  Calorimeter,	
  |η|<4	
  

•  Jet	
  Energy	
  Scale	
  1-­‐2%	
  

•  μ	
  Dris/Scin9llator	
  Counters,	
  |η|<2	
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Supersymmetry	
  in	
  a	
  nutshell	
  	
  	
  	
  	
  1/2	
  
•  Standard	
  Model	
  very	
  successful	
  but	
  not	
  complete	
  
•  Supersymmetry	
  (SUSY)	
  is	
  a	
  very	
  popular	
  SM	
  extension	
  

	
  	
  	
  	
  	
  	
  	
  extension	
  of	
  Poincaré	
  group:	
  fermions	
  ↔	
  bosons	
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Supersymmetry	
  in	
  a	
  nutshell	
  	
  	
  	
  	
  1/2	
  
•  Standard	
  Model	
  very	
  successful	
  but	
  not	
  complete	
  
•  Supersymmetry	
  (SUSY)	
  is	
  a	
  very	
  popular	
  SM	
  extension	
  

	
  	
  	
  	
  	
  	
  	
  extension	
  of	
  Poincaré	
  group:	
  fermions	
  ↔	
  bosons	
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Supersymmetry	
  in	
  a	
  nutshell	
  	
  	
  	
  	
  2/2	
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stop	
  searches	
  
•  stop,	
  poten9ally	
  lightest	
  squark	
  
•  stops	
  are	
  pair	
  produced	
  

•  three	
  decay	
  paths	
  studied	
  

PRL 104, 251801 (2010) 

PLB 696, 321 (2011) 

Public Note 9834 

2.6	
  k-­‐1	
  

2.7	
  k-­‐1	
  

5.4	
  k-­‐1	
  

2l	
  2b	
  jets	
  +	
  MET	
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sboJom	
  search	
  
•  Assume	
  m(b)+m(χ10)<m(b1)<m(t)+m(χ1-­‐)	
  

only	
  b1→bχ10	
  possible;	
  χ10	
  is	
  LSP	
  
•  Signature:	
  2	
  b-­‐jets	
  and	
  large	
  MET	
  

•  Challenges:	
  Trigger	
  on	
  jets+MET	
  
	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Mul9jets	
  es9mate	
  

•  Selec9on:	
  
–  jets	
  with	
  pT>20	
  GeV	
  
–  Two	
  leading	
  jets	
  not	
  back-­‐to-­‐back	
  
–  at	
  least	
  2	
  b-­‐tagged,	
  
–  MET>40	
  GeV	
  

~ ~ 
~ 

~ 
~ 

PLB 693, 95 (2010) 

5.2	
  k-­‐1	
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same	
  sign	
  dileptons	
  
•  From	
  decays	
  of	
  squarks	
  or	
  gluinos	
  pairs	
  

Public Note 10465 

squark	
  
exclusion	
  
contours	
  

gluino	
  
exclusion	
  
contours	
  

6.1	
  k-­‐1	
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diphotons	
  +MET	
  
•  GMSB	
  model:	
  

–  Gravi9no:	
  LSP;	
  Neutralino:	
  NLSP	
  

•  Two	
  central	
  photons	
  with	
  pT	
  >	
  25	
  GeV	
  

•  Backgrounds:	
  
–  Instrumental	
  MET	
  (SM	
  γγ,	
  γ+jets,	
  mul9jets)	
  

–  Genuine	
  MET	
  (Wγ,	
  W+jets,	
  W/Z+γγ)	
  with	
  misID	
  electrons	
  

PRL 105, 221802 (2010) 

MET	
  >	
  75	
  GeV	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  GMSB	
  
Data	
  	
  	
  	
  	
  	
  Total	
  MC	
  	
  	
  	
  	
  	
  	
  Λ=100	
  TeV	
  	
  	
  	
  	
  Λ=120	
  TeV	
  
	
  	
  1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  1.9±0.4	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  14.3±1.1	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  4.4±0.4	
  

6.3	
  k-­‐1	
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leptonic	
  jets	
  +MET	
  
•  Hidden	
  Valley	
  models:	
  

–  introduce	
  a	
  new	
  Hidden	
  Sector,	
  weakly	
  coupled	
  to	
  the	
  SM	
  
which	
  can	
  contain	
  supersymmetry	
  

–  force	
  carrier	
  in	
  the	
  HS	
  is	
  dark	
  photon	
  γD	
  	
  
–  HS-­‐LSP:	
  X	
  	
  

•  3	
  possible	
  final	
  states:	
  
–  Both	
  dark	
  photons	
  decay	
  to	
  photon	
  +	
  HS-­‐LSP	
  (6.3	
  k-­‐1	
  diphoton	
  analysis)	
  
–  One	
  photon	
  +	
  one	
  leptonic	
  jet	
  (previous	
  4.1	
  k-­‐1	
  Hidden	
  Valley	
  analysis)	
  
–  Both	
  dark	
  photons	
  decay	
  to	
  9ghtly	
  collimated	
  jets	
  of	
  fermions:	
  leptonic	
  jets	
  

PRL 105,211802 (2010) 

~ 

PRL 103, 081802 (2009) 

5.8	
  k-­‐1	
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tau	
  sneutrino	
  
•  RPV	
  model:	
  single	
  sneutrino	
  produced	
  
•  only	
  third	
  genera9on	
  sneutrino	
  produced,	
  

and	
  it's	
  the	
  lightest	
  
•  All	
  couplings	
  equal	
  to	
  0	
  except:	
  

	
  	
  	
  	
  	
  	
  	
  λ'311;	
  λ312=λ321=-­‐λ231=-­‐λ132	
  
=>	
  Search	
  for	
  a	
  resonance	
  in	
  eμ	
  final	
  state	
  

•  Selec9on:	
  
–  e	
  with	
  pT	
  >	
  30	
  GeV,	
  	
  
–  	
  µ with	
  pT	
  >	
  25	
  GeV	
  
–  no	
  jets	
  with	
  pT	
  >	
  25	
  GeV	
  
–  some	
  MET	
  cleaning	
  

PRL 105,191802 (2010) 

5.3	
  k-­‐1	
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3-­‐jet	
  resonances	
  
•  RPV	
  model:	
  gluino	
  pair	
  →	
  3+3	
  jets	
  with	
  no	
  MET	
  
•  selec9on:	
  N(jets)	
  ≥6	
  ;	
  Σ	
  pT(jets)	
  >	
  250	
  GeV;	
  MET	
  ≤	
  50	
  GeV	
  

•  mul9jet	
  background	
  shapes	
  from	
  5-­‐jet	
  data	
  
(top	
  mass	
  window	
  excluded)	
  

•  diagonal	
  cut	
  [ΣpT	
  >	
  M(3jet)	
  +	
  offset]	
  	
  
on	
  all	
  3	
  jet-­‐mass	
  combina9ons	
  

arXiv 1105.2815 
accepted by PRL 

3.2	
  k-­‐1	
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Summary	
  

•  Tevatron	
  has	
  been	
  running	
  exceedingly	
  well	
  and	
  reliably	
  for	
  years	
  
and	
  has	
  delivered	
  more	
  than	
  11	
  k-­‐1	
  to	
  both	
  CDF	
  and	
  D0	
  

•  Extensive	
  searches	
  for	
  SUSY	
  signals	
  have	
  been	
  performed	
  at	
  the	
  Tevatron	
  
experiments.	
  	
  

•  No	
  evidence	
  of	
  SUSY	
  yet,	
  but	
  …	
  

•  The	
  LHC	
  has	
  started,	
  already	
  surpassing	
  some	
  of	
  our	
  results	
  (squarks	
  and	
  
gluinos)	
  and	
  will	
  keep	
  doing	
  so…	
  

•  But	
  un9l	
  then,	
  we	
  s9ll	
  have	
  some	
  original	
  work	
  in	
  progress:	
  
new	
  exci9ng	
  results	
  should	
  appear	
  shortly!	
  

•  For	
  a	
  complete	
  list	
  of	
  results	
  refer	
  to:	
  
–  hJp://www-­‐cdf.fnal.gov/physics/exo9c/exo9c.html	
  
–  hJp://www-­‐d0.fnal.gov/Run2Physics/np	
  



backups	
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stop	
  search	
  
•  Assump9ons	
  

•  Similar	
  to	
  Jbar	
  dilepton	
  searches	
  

•  Selec9on	
  
–  Two	
  leptons	
  with	
  pT	
  >	
  20	
  GeV	
  
–  Two	
  jets	
  with	
  pT	
  >	
  12	
  GeV	
  

–  MET	
  >	
  20	
  GeV	
  

•  Two	
  samples	
  

PRL 104, 251801 (2010) 

	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  Data	
  	
  	
  	
  	
  Total	
  MC	
  	
  	
  	
  	
  	
  Stop*	
  
No	
  b-­‐tag	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  65	
  	
  	
  	
  	
  	
  	
  	
  65.9±9.8	
  	
  	
  	
  	
  3.9±0.9	
  
>=	
  1	
  b-­‐tag	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  57	
  	
  	
  	
  	
  	
  	
  	
  56.4±7.2	
  	
  	
  	
  	
  9.5±1.9	
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stop	
  search	
  
•  Assume	
  ν	
  is	
  LSP	
  or	
  decays	
  in	
  ν	
  +	
  χ10	
  

•  Look	
  for	
  eµ	
  +	
  MET	
  

•  Kinema9cs	
  depend	
  on	
  ΔM=M(t1)-­‐M(ν):	
  
–  “Large”:	
  ΔM>60	
  GeV	
  

–  “Small”:	
  ΔM<60	
  GeV	
  

“Large”:	
  larger	
  MET,	
  higher	
  jet	
  and	
  lepton	
  pT	
  	
  

•  Separate	
  mul9variate	
  discriminant	
  used	
  against	
  
3	
  main	
  backgrounds	
  Z	
  -­‐>	
  ττ,	
  Jbar	
  and	
  WW	
  

PLB 696, 321 (2011) 

~ ~ 

~ ~ 
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stop	
  search	
  
•  2	
  acoplanar	
  jets	
  +	
  MET	
  
•  Preselec9on	
  criteria:	
  

–  MET>50	
  GeV	
  
–  ≥	
  2	
  jets	
  (1	
  central)	
  ET>25	
  GeV	
  

–  Leading	
  jet	
  :	
  ET>35	
  GeV	
  
–  at	
  least	
  one	
  HF	
  tagged	
  jet	
  

•  Signal	
  op9miza9on:	
  
–  exactly	
  two	
  jets	
  
–  ΔΦ(MET,TrkMET)<π/2	
  
–  2	
  NN	
  (mul9jet,	
  HF	
  tagging)	
  

CDF Public Note 9834 
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trileptons	
  
•  Gaugino	
  pair	
  produc9on	
  
•  Small	
  cross-­‐sec9ons	
  but	
  spectacular	
  trilepton	
  signature	
  

•  Small	
  SM	
  backgrounds	
  

•  3rd	
  lepton	
  can	
  be	
  iden9fied	
  as	
  an	
  isolated	
  track	
  

•  Cut	
  on	
  lepton	
  pT,	
  MET	
  and	
  Z	
  mass	
  

PLB 680, 34 (2009) Public Note 9817 
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trileptons	
  
•  No	
  excess	
  seen	
  in	
  data	
  
•  Limits	
  set	
  in	
  the	
  framework	
  of	
  mSUGRA	
  

PLB 680, 34 (2009) Public Note 9817 


