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Latest	  results	  from	  Tevatron

Yuri	  Oksuzian	  on	  behalf	  of	  CDF&D0	  collabora8ons
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• p-‐pbar	  collider	  at	  Ecm	  =	  1.96	  TeV

• Two	  detectors:	  CDF	  &	  D0

• Records	  
• Peak	  luminosity:	  430x1030	  cm-‐2	  s-‐1

• Best	  week:	  85/pb	  

• Run	  II:	  2001-‐2011
• 12	  D-‐1	  delivered	  

• 10	  D-‐1	  collected	  

Da
ta
	  	  

Time	  	  

Delivered	  12	  D-‐1	  

Collected	  >	  10	  D-‐1

Tevatron
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Da
ta
	  	  

Time	  	  

Delivered	  12	  D-‐1	  

Collected	  >	  10	  D-‐1

• Last	  collision	  on	  Sep	  30th	  
2011

• 25	  years	  of	  data-‐taking	  and	  
exci8ng	  physics	  results

• p-‐pbar	  collider	  at	  Ecm	  =	  1.96	  TeV

• Two	  detectors:	  CDF	  &	  D0

• Records	  
• Peak	  luminosity:	  430x1030	  cm-‐2	  s-‐1

• Best	  week:	  85/pb	  

• Run	  II:	  2001-‐2011
• 12	  D-‐1	  delivered	  

• 10	  D-‐1	  collected	  

Tevatron
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CDF	  &	  D0
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• 1000	  scienLsts	  from	  all	  over	  the	  world
– from	  25	  countries	  

• 1000	  papers	  published
• 1000	  PhD	  theses	  	  

CDF	  &	  D0
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Tevatron	  milestones
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Δms=17.77 ± 
0.10 ± 0.07 
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Top	  quark	  at	  Tevatron

7

Main production mechanism
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Observed	  and	  studied	  at	  Tevatron
Strikingly	  large	  mass
‣ 	  	  	  	  	  	  	  	  	  = 173.20 ± 0.87 GeV/c2

‣ Strongest coupling to Higgs field

	  	  	  	  	  	  	  	  	  = 7.65 ± 0.42 pb
ProperLes:
‣ AFB	  ,W	  helicity,	  Spin	  correla8on,	  top-‐
an8top	  mass	  difference,	  single	  top...

Searches:	  
‣ Z’, W’, b’, t’, t→Zq,	  	  anomalous	  
coupling,	  dark	  maVer...
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Top	  quark	  at	  Tevatron:	  Mass

8

)2 (GeV/ctM
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CDF March'07 2.66±     12.40  2.20)±1.50 ±(

Tevatron
combination *

0.87±     173.20  0.71)±0.51 ±(
  syst)± stat  ±(

MET+Jets * 1.79±     173.76  1.23)±1.30 ±(

Alljets 1.94±     172.70  1.28)±1.46 ±(

Dilepton 2.06±     171.02  1.14)±1.72 ±(

Lepton+jets 0.92±     173.18  0.75)±0.54 ±(

Mass of the Top Quark in Different Decay Channels

(* preliminary)March 2013
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Observed	  and	  studied	  at	  Tevatron
Strikingly	  large	  mass
‣ 	  	  	  	  	  	  	  	  	  = 173.20 ± 0.87 GeV/c2

‣ Strongest coupling to Higgs field

	  	  	  	  	  	  	  	  	  = 7.65 ± 0.42 pb
ProperLes:
‣ AFB	  ,W	  helicity,	  Spin	  correla8on,	  top-‐
an8top	  mass	  difference,	  single	  top...

Searches:	  
‣ Z’, W’, b’, t’, t→Zq,	  	  anomalous	  
coupling,	  dark	  maVer...

arXiv:1305.3939

http://arxiv.org/abs/1305.3929
http://arxiv.org/abs/1305.3929


Y. Oksuzian, Lomonosov Conference 2013, Latest results from Tevatron

Top	  quark	  at	  Tevatron:	  σt
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=1.96 TeVs cross section (pb) at t tA pp

CDF dileptons * -18.8 fb 0.70 pb± 0.50 ± 7.47 
 0.86 pb±         

CDF ANN l+jets -14.6 fb 0.40 pb± 0.38 ± 7.82 
 0.55 pb±         

CDF SVX l+jets -14.6 fb 0.61 pb± 0.36 ± 7.32 
 0.71 pb±         

CDF all-jets -12.9 fb 1.08 pb± 0.50 ± 7.21 
 1.19 pb±         

CDF combined * -1up to 8.8 fb 0.40 pb± 0.31 ± 7.71 
 0.51 pb±         

DØ dilepton -15.4 fb 0.85 pb± 7.36 

DØ l+jets -15.6 fb 0.74 pb± 7.90 

DØ combined -15.6 fb 0.56 pb± 0.20 ± 7.56 
 0.59 pb±         

Tevatron combined *
September 2012

 = 172.5 GeVtfor m

-1up to 8.8 fb 0.36 pb± 0.20 ± 7.65 
 0.42 pb±         

=1.96 TeVs cross section (pb) at t tA pp
6 7 8 9

Tevatron Run II Preliminary *=preliminary
Observed	  and	  studied	  at	  Tevatron
Strikingly	  large	  mass
‣ 	  	  	  	  	  	  	  	  	  = 173.20 ± 0.87 GeV/c2

‣ Strongest coupling to Higgs field

	  	  	  	  	  	  	  	  	  = 7.65 ± 0.42 pb
ProperLes:
‣ AFB	  ,W	  helicity,	  spin	  correla8on,	  top-‐
an8top	  mass	  difference,	  single	  top...

Searches:	  
‣ Z’, W’, b’, t’, t→Zq,	  	  anomalous	  
coupling,	  dark	  maVer...

�tt̄

mt

http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf

http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf

http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf
http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf
http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf
http://www-cdf.fnal.gov/cdfnotes/cdf10926_cdfd0_ttbarxs_conf.pdf
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Single	  top

10

Observed	  tb+tqb	  in	  2009,	  ~15	  years	  a7er	  top	  quark.	  

Direct	  probe	  of	  |Vtb|
Top	  quark	  decay	  width

BSM	  models:	  gauge	  bosons,	  FCNC,	  anomalous	  couplings

30 90405
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Single	  top:	  Main	  challenge

11

D0	  analyzed	  full	  dataset	  in	  L+jets	  channel	  to	  measure	  s-‐channel	  xsec
Single	  top	  is	  hidden	  below	  overwhelmed	  W+jets	  background
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Single	  top:	  B-‐tagging

12

D0	  analyzed	  full	  dataset	  in	  L+jets	  channel
Single	  top	  is	  hidden	  below	  overwhelmed	  W+jets	  background
MulLvariate	  b-‐tagging	  algorithm	  is	  applied	  to	  reduce	  W+light	  flavor	  
jets
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Single	  top:	  Final	  discriminant

13

D0	  analyzed	  full	  dataset	  in	  L+jets	  channel
Single	  top	  is	  hidden	  below	  overwhelmed	  W+jets	  background
MulSvariate	  b-‐tagging	  algorithm	  is	  applied	  to	  reduce	  W+light	  flavor	  jets
MulSvariate	  and	  Matrix	  Element	  algorithms	  are	  implemented	  to	  
construct	  final	  discriminant.
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Single	  top:	  Final	  result
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s-‐channel	  single	  top	  cross-‐secLon,	  σtb	  =	  1.10	  ±	  0.33	  pb.
t-‐channel	  σtqb	  =	  3.07	  ±	  0.53	  pb

Measurement	  significance	  is	  3.7σ

|Vtb|>0.92	  at	  95%	  confidence	  level.
arXiv: 1307.0731, submitted to PLB
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Single	  top:	  Final	  result
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Similar	  analysis	  is	  performed	  at	  CDF
MulSvariate	  techniques	  are	  used	  in:	  b-‐jet	  tagging,	  b-‐jet	  from	  top	  
quark	  selector,	  final	  discriminant
s-‐channel	  single	  top	  cross-‐secSon,	  σtb	  =	  1.41	  ±	  0.44	  pb.
Measurement	  significance	  is	  3.8σ
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Higgs	  mass	  is	  constrained	  from	  
indirect	  EW	  measurements

World	  best	  W	  boson	  mass	  
measurement

‣ 	  MW	  =	  80387	  ±	  17	  MeV/c2

World	  best	  Top	  quark	  mass	  
measurement:

‣ 	  Mt	  =	  173.2	  ±	  0.9	  GeV/c2	  

Only	  direct	  discovery	  can	  prove	  
EWK	  symmetry	  breaking	  due	  to	  
Higgs	  mechanism

EW	  constraints	  from	  Tevatron
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Higgs	  at	  LHC	  and	  Tevatron

17

Higgs	  boson	  was	  discovered	  by	  LHC
LHC	  sensiLvity	  is	  driven	  by	  H→VV/ɣɣ
Tevatron	  sensiLvity	  is	  driven	  by	  H→bb
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• Summer	  2010,	  Tevatron	  sensiLvity	  was	  <2xSM
• ~30%	  gain	  in	  sensiLvity	  by	  using	  full	  dataset	  
• Crucial	  to	  improve	  the	  analysis	  technique

‣ Luminosity	  only	  improvements	  were	  not	  sufficientUpper limits on cross 
section for Higgs production 

relative to SM prediction

Observed limit from data

Expected limit and 1σ/2σ 
from background only 
pseudo-experiments We test Higgs mass ranges of 

100-200 GeV in 5 GeV steps

Previous	  results.	  Goals.
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Higgs	  producLon
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Low 
mass High mass

Production* WH, ZH gg→H

Decay H→bb H→WW

Main 
modes

bb+lν
bb+ll

bb+νν
ll+νν

*	  No	  channel	  is	  lem	  behind.	  LONG	  list	  of	  “secondary”channels	  
with	  total	  weight	  of	  10%	  to	  the	  final	  combinaLon

Higgs	  producLon
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• About 1000 Higgs events expected in main 
channels of full Tevatron dataset (10 fb-1)
• 10-20% survive trigger+reconstruction
+selection efficiency

Higgs	  producLon
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• Higgs signal is buried under 
overwhelmed SM background 
processes
•  Yesterday’s signal is today’s 
background 

Higgs	  producLon

• About 1000 Higgs events expected in main 
channels of full Tevatron dataset (10 fb-1)
• 10-20% survive trigger+reconstruction
+selection efficiency
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• To	  maximize	  sensiLvity:
‣ Op8mize	  b-‐tagging	  ID	  efficiency

‣ Improve	  di-‐jet	  mass	  resolu8on

‣ Maximize	  lepton	  reconstruc8on	  and	  selec8on	  ID

• Use	  MVA	  analyses	  to	  discriminate	  between	  signal	  and	  
background	  or	  various	  background	  components

H→bb	  strategy	  
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Effect	  of	  b-‐tagging
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Tight b-tag > 0.98

• Take	  advantage	  b-‐meson	  life8me(displaced	  vertex)	  and	  soa	  lepton	  from	  semi-‐
leptonic	  decays.

• We	  incorporate	  the	  knowledge	  from	  previous	  taggers	  into:
‣ The	  Higgs-‐OpLmized	  b-‐IdenLficaLon	  Tagger	  (HOBIT)

• WH	  and	  ZH	  gained	  boost	  of	  >12%	  in	  sensi8vity	  from	  HOBIT

The	  Higgs-‐OpSmized	  b-‐IdenSficaSon	  Tagger(HOBIT)

Loose b-tag > 0.7
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Light jets b-jets

• Dijet mass is the most powerful variable
• Jet-energy corrections generally derived from light-quark jets 
• b-jets are very different from light flavor quark jets
• MVA algorithms improves jet energy resolution by ~20%

Mass	  ResoluLon
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Combined	  limits
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http://arxiv.org/abs/arXiv:1303.6346
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Combined	  limits

Expected sensitivity < 1.15 × SM 
for mH < 185 GeV

http://arxiv.org/abs/arXiv:1303.6346

http://arxiv.org/abs/arXiv:1303.6346
http://arxiv.org/abs/arXiv:1303.6346
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Expected exclusion:
90	  <mH<120	  GeV/c2

140	  <mH<184	  GeV/c2

Combined	  limits
http://arxiv.org/abs/arXiv:1303.6346

http://arxiv.org/abs/arXiv:1303.6346
http://arxiv.org/abs/arXiv:1303.6346


1

10

100 120 140 160 180 200
mH (GeV/c2)

95
%

 C
.L

. L
im

it/
SM Tevatron Run II, Lint ) 10 fb-1

SM Higgs combination
Observed
Expected w/o Higgs
Expected ± 1 s.d.
Expected ± 2 s.d.
Expected if mH=125 GeV/c2

SM=1

Y. Oksuzian, Lomonosov Conference 2013, Latest results from Tevatron 30

Observed exclusion:
90	  <mH<109	  GeV/c2

149	  <mH<182	  GeV/c2

Combined	  limits
http://arxiv.org/abs/arXiv:1303.6346

http://arxiv.org/abs/arXiv:1303.6346
http://arxiv.org/abs/arXiv:1303.6346
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Is the excess consistent with background only assumption?

Excess	  significance	  

http://arxiv.org/abs/arXiv:1303.6346

http://arxiv.org/abs/arXiv:1303.6346
http://arxiv.org/abs/arXiv:1303.6346
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Couplings

• Coupling	  to	  fermions	  is	  scaled	  by	  kf
• Coupling	  to	  bosons	  is	  scaled	  by	  kW,	  kZ,	  kV	  

http://arxiv.org/abs/arXiv:1303.6346

http://arxiv.org/abs/arXiv:1303.6346
http://arxiv.org/abs/arXiv:1303.6346
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• Tevatron	  had	  a	  long	  and	  wide	  physics	  program
• Physicists	  extracted	  every	  bit	  of	  informaLon	  in	  data	  delivered
• Strong	  legacy	  discoveries	  and	  measurements
• CDF	  and	  D0	  observe	  an	  evidence	  Higgs	  boson	  producLon	  at	  

125	  GeV.

Conclusion

• Results:
• D0:	  h,p://www-‐d0.fnal.gov/results/
• CDF:	  h,p://www-‐cdf.fnal.gov/physics/physics.html

http://www-d0.fnal.gov/results/
http://www-d0.fnal.gov/results/
http://www-cdf.fnal.gov/physics/physics.html
http://www-cdf.fnal.gov/physics/physics.html
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Conclusion

Before Now
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Backup
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σ(WZ+ZZ)= 3.0 ± 0.6 (stat) ± 0.7 (syst) pb
(SM Prediction = 4.4 ± 0.3 pb)

• We check the modeling
‣ Each individual input to MVA is tested in 

the control regions
‣ Well known SM processes: single top and 

diboson in particular

• σ(WZ+ZZ)*Br(Z→bb) 
=0.68±0.05pb (SM)

• σ(WH+ZH)*Br(H125→bb) 
=0.12±0.01 pb

• We find perfect agreement with 
SM prediction 

Diboson	  Fit
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Behavior of observed limits driven by small event excesses in the high S/B regions of opposite-sign 
dilepton 0 and 1 jet channels

Nothing peculiar in the modeling of these distributions

Of course,  ATLAS and CMS have ruled out a mH = 195 GeV/c2 SM Higgs based primarily on equivalent 
searches in H  WW

High	  mass	  excess
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studies indicate that JES for gluon jets needs to be 
shifted by 2σ in MC to match with data

The JES for quark jets is good – not surprising since 
well constrained by top mass measurements

In CDF Higgs, -2σ JES corrections are applied to the 
gluon jets in the MC samples

In the end, since there are so few gluon jets in tagged 
samples, the effect is small

With these corrections in place modeling looks pretty 
good in the pre-tag region of the WH Higgs search

 

CDF	  W+jets	  bump
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• We set limits on the Higgs boson production rate
• Use a combined binned likelihood fit:

• Uncertainties incorporated as nuisance parameters. Shape and 
normalization of background and signal
• Determine best-fit nuisance-parameters by maximizing likelihood

Likelihood
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LLR = −2 ln p(data | s+ b)
p(data | b)
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Strategy – Run the cross section fit on background-only pseudo-
experiments

Count the pseudo-experiments with Rfit  ≥ Rfit,obs.  The fraction is 
the p-value

Convert to a significance in “standard deviations”.

Do this at each mH value separately

Using LLR instead of Rfit is supposed to be more optimal, cross 
section fits are better behaved. 1
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• Improvement	  in	  b-‐tagging	  efficiency	  are	  crucial	  to	  various	  high	  Pt	  analysis

• By	  2010	  we	  had	  at	  least	  5	  types	  of	  b-‐taggers

KIT 

History	  of	  b-‐taggers	  at	  CDF
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• Previous	  version	  of	  WH	  analysis	  used	  3	  types	  of	  b-‐tagger	  by	  forming	  
exclusive	  b-‐tagging	  categories:

• SVTSVT,	  SVTJP05,	  SVTnoJPRoma,	  SVTnoJPnoRoma

• The	  improvement	  in	  sensi8vity	  ~scales	  with	  improvements	  in	  signal	  significance

OLD	  vs	  NEW	  b-‐tagging	  strategy


