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Detectors	
  

Objects	
  

Backgrounds	
  

Uncertain?es	
  

Cross	
  sec?ons	
  (Abar)	
  

Top	
  mass	
  

Cross	
  sec?ons	
  (single	
  top,	
  AX)	
  

Top	
  proper?es	
  

Searches	
  

Accelerator	
  



Luminosity,	
  Data	
  Taking	
  +	
  Quality	
  

à	
  Close	
  to	
  90%	
  of	
  
the	
  delivered	
  
luminosity	
  in	
  2011	
  
and	
  2012	
  is	
  used	
  for	
  
physics	
  analysis!	
  

5th	
  Interna?onal	
  Workshop	
  on	
  Top	
  Quark	
  
Physics	
  -­‐	
  M.	
  Aleksa	
  (CERN)	
  September	
  17,	
  2012	
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2011:	
  93.6%	
  of	
  delivered	
  
data	
  are	
  recorded	
  (5.25a-­‐1)	
  

2012:	
  93.6%	
  of	
  delivered	
  
data	
  are	
  recorded	
  (13.7a-­‐1)	
  

89.9%	
  of	
  
recorded	
  data	
  	
  

93.6%	
  of	
  recorded	
  
data	
  
(April	
  –	
  June	
  2012)	
  

All	
  good	
  for	
  physics	
  Peak	
  luminosity:	
  7.73x1033cm-­‐2s-­‐1	
  	
  

AT
LA

S	
  
Luminosity	
  uncertainty	
  (prelim.):	
  2011:	
  1.8%,	
  2012:	
  3.6%	
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Excellent	
  
performance	
  of	
  the	
  
LHC	
  and	
  detectors	
  
	
  
Detector	
  
subsystems	
  fully	
  
opera?onal	
  and	
  
beAer	
  than	
  design	
  
performance	
  	
  
	
  
Trigger	
  coping	
  with	
  
demands	
  of	
  high	
  
pileup	
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V.	
  Boisvert	
  

OBJECTS:	
  Leptons,	
  Jets,	
  B-­‐tagging,	
  Missing	
  Energy	
  	
  



Backgrounds:	
  Instrumental	
  

9	
  Joe	
  Boudreau	
  

Affect	
  objects	
  measurements:	
  jets,	
  MET,	
  b-­‐tagging	
  
True	
  instrumental	
  (cosmics,	
  noise,	
  beam	
  gas)	
  and	
  fake	
  instrumental	
  (QCD)	
  
	
  



Backgrounds	
  :	
  V+jets	
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Cross	
  sec?on	
  measurements	
  
Background	
  es?ma?ons:	
  >4	
  different	
  methods	
  

Frederic	
  Deliot	
  



A	
  Cross	
  Sec?on:	
  Tevatron	
  

11	
  Gianluca	
  Petrillo	
  

Tevatron	
  results	
  in	
  TOP	
  2011	
  
systema?cally	
  limited	
  
	
  
CDF	
  added	
  missing	
  channels	
  (taus)	
  
and	
  
more	
  data	
  to	
  stat.	
  limited	
  
channels	
  
	
  
New	
  Tevatron	
  combina?on	
  (5.5%	
  
precise,	
  theory	
  3.5%)	
  
	
  
(Most	
  precise	
  single	
  analysis	
  6.8%)	
  



A	
  Cross	
  Sec?on:	
  LHC	
  (I)	
  

12	
  Gia	
  Khoriauli	
  

Using	
  taus	
  or	
  no	
  leptons	
  
Challenges:	
  Trigger	
  evolving,	
  pile	
  up,	
  huge	
  systema?c	
  uncertain?es	
  (all	
  jet	
  dominated)	
  



A	
  Cross	
  Sec?on:	
  LHC	
  (II)	
  

13	
  Jeremy	
  Andrea	
  

Using	
  leptons:	
  lepton+jets	
  (b-­‐tagging	
  and	
  semi	
  leptonic	
  b-­‐tagging)	
  and	
  dilepton	
  channels	
  
LHC	
  combina?on	
  (7TeV,	
  older	
  results)	
  produce	
  a	
  gain	
  of	
  7%	
  

ATLAS,	
  7	
  TeV,	
  l+jets,	
  7%	
  	
  

ATLAS,	
  7	
  TeV,	
  l+jets,	
  semi	
  leptonic	
  b-­‐tagging,	
  11%	
  	
  

CMS,	
  7	
  TeV,	
  l+jets,	
  9%	
  	
  

CMS,	
  7	
  TeV,	
  dilepton,	
  5%	
  	
  

ATLAS,	
  7	
  TeV,	
  
dilepton,	
  10%	
  	
  

Reach	
  theory	
  precision	
  soon	
  ?	
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Differen?al	
  Cross	
  Sec?on:	
  TEV	
  &	
  LHC	
  

15	
  Tyler	
  Dorland/Javier	
  Brochero	
  



Differen?al	
  Cross	
  Sec?on:	
  TEV	
  &	
  LHC	
  

16	
  Tyler	
  Dorland/Javier	
  Brochero	
  

Use	
  to	
  ?ghten	
  up	
  model:	
  ini?al	
  
model	
  parameter,	
  shower,	
  higher	
  
order	
  effects	
  
	
  
Also	
  shown	
  measuremtents	
  of	
  Aj	
  
And	
  first	
  fiducial	
  measurements	
  
(ATLAS)	
  



Signal	
  Modeling:	
  LHC	
  

17	
  

Very	
  different	
  classifica?on	
  of	
  the	
  same	
  effects.	
  Small	
  uncertain?es	
  in	
  agreement.	
  	
  



Signal	
  Modeling:	
  LHC	
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Example:	
  Top	
  mass	
  measurement	
  in	
  all-­‐hadronic	
  channel	
  	
  



Signal	
  Modeling:	
  Tevatron	
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Classifica?on	
  good	
  
enough	
  for	
  sta?s?cs	
  
	
  
CDF/D0	
  extensive	
  
comparisons	
  aqer	
  
long	
  discussions	
  
	
  



Top	
  Quark	
  Mass:	
  Tevatron	
  

20	
  Pavel	
  Bartos	
  

Uses	
  full	
  dataset	
  8.7	
  a-­‐1	
  

	
  
	
  

Also	
  showed	
  updates	
  on	
  less	
  sensi?ve	
  	
  
channels	
  	
  
	
  



Top	
  Quark	
  Mass:	
  LHC	
  

21	
  Markus	
  Seidel	
   How	
  more	
  precise	
  can	
  we	
  get	
  ?	
  Defini?on	
  !	
  



Top	
  Quark	
  Mass:	
  LHC	
  

22	
  Markus	
  Seidel	
  

Top	
  mass	
  difference	
  (CMS,	
  4.96	
  a-­‐1,	
  7	
  TeV)	
  	
  



Top	
  Quark	
  Mass	
  Uncertain?es	
  

23	
  Giorgio	
  Cor?ana	
  

Good	
  star?ng	
  	
  
point	
  for	
  combining	
  
and	
  improving	
  the	
  	
  
systema?cs	
  in	
  top	
  
quark	
  mass:	
  
	
  
-­‐  Minimize	
  double	
  

coun?ng	
  in	
  each	
  
measurement	
  

-­‐  Minimize	
  
correla?ons	
  among	
  
experiments	
  



Top	
  Quark	
  Mass	
  Combina?on	
  	
  

24	
  Lisa	
  Shabalina	
  

Methodology	
  for	
  	
  
Tevatron	
  and	
  LHC	
  
combina?ons	
  
	
  
	
  
Tevatron	
  	
  
improved	
  25%	
  wrt	
  
best	
  result	
  
LHC	
  9%	
  
	
  

World	
  combina?on	
  in	
  Top	
  2013	
  ?	
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Single	
  Top:	
  Tevatron	
  

26	
  Jyo?	
  Joshi	
  



Single	
  Top:	
  LHC	
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ATLAS,	
  8	
  TeV	
  

CMS,	
  8	
  TeV	
  

CMS,	
  7	
  TeV	
  

Duc	
  Bao	
  Tao	
  



(some)	
  Top	
  Proper?es:	
  LHC	
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Top	
  charge	
  -­‐4/3e	
  
excluded	
  
	
  
R>0.85	
  @	
  95%	
  CL	
  
	
  
AV,	
  Agamma	
  first	
  
cross	
  sec?ons	
  	
  
measurements	
  	
  

Mara	
  Senghi	
  Soares	
  



(some)	
  Top	
  Proper?es:	
  Tevatron	
  

29	
  Andreas	
  Jung	
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Top	
  Proper?es	
  (angles):	
  Tevatron	
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Full	
  dataset	
  used	
  in	
  
W	
  helicity	
  measurement	
  	
  
(~10%)	
  
	
  
Evidence	
  for	
  spin	
  	
  
Correla?ons	
  
	
  
Indica?ons	
  that	
  tops	
  are	
  
not	
  100%	
  polarized	
  

Amnon	
  Harel	
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ATLAS result 
superimposed 

tt 
sp

in
 c

or
re

la
tio

ns
 

CMS SM 

CMS 0.24 ±0.02 ±0.08 

Pn= −0.009 ± 0.029 ± 0.041  

W
 h

el
ic

ity
 fr

ac
tio

ns
  

Li
m

its
 o

n 
an

om
al

ou
s 

co
up

lin
gs

 

to
p 

po
la

riz
at

io
n 

ATLAS+CMS combination  
under way 

SM: P=0 

Top	
  Proper?es	
  (angles):	
  Tevatron	
  

Thorsten	
  Wengler	
  	
  



Top	
  Produc?on	
  Asymmetry:	
  Tevatron	
  	
  

Dan	
  Amidei	
  



Top	
  Produc?on	
  Asymmetry:	
  LHC	
  	
  

34	
  Tae	
  Jeong	
  Kim	
  

Needs	
  more	
  data	
  	
  
AND	
  reducing	
  	
  
systema?c	
  uncertain?es	
  	
  



Boosted	
  Top	
  Techniques	
  in	
  mA	
  Searches	
  

35	
  Sebas?an	
  Fleischmann	
  

Techniques	
  in	
  good	
  shape	
  
Searches	
  in	
  all	
  possible	
  channels	
  
Benchmark	
  scenarios	
  excluded	
  to	
  about	
  	
  
~	
  2TeV	
  



Searches	
  in	
  the	
  Top	
  Sector:	
  Tevatron	
  

36	
  Chris?an	
  Schwanenberger	
  

Searches	
  presented:	
  
A	
  resonances,	
  
chromophilic	
  Z’,	
  	
  tj	
  
resonance,	
  stop	
  pair	
  
produc?on,	
  dark	
  
maAer	
  in	
  top	
  pair	
  
produc?on,	
  
monotopic	
  dark	
  
maAer,	
  FCNC	
  in	
  top	
  
decays	
  

Davide	
  Pagano	
  



Searches	
  in	
  the	
  Top	
  Sector:	
  LHC	
  

37	
  Tobias	
  Golling	
  

Searches	
  presented:	
  4th	
  genera?on	
  and	
  Vector-­‐Like	
  Quarks,	
  same-­‐sign	
  (SS)	
  top	
  (A),	
  T5/3,	
  
4-­‐top,	
  Other	
  top	
  partners	
  (A+ETmiss),	
  Top+jet	
  resonance	
  in	
  A+jet	
  events,	
  W’→tb,	
  FCNC	
  in	
  
single	
  top-­‐quark	
  produc?on	
  



Summary	
  
•  Impressive	
  results	
  !	
  

–  LHC	
  7	
  and	
  8	
  TeV	
  and	
  Tevatron	
  full	
  dataset	
  	
  
•  The	
  SM	
  top	
  quark	
  

–  Top	
  mass	
  measurements	
  from	
  LHC	
  comparable	
  to	
  Tevatron	
  -­‐	
  
precision	
  ~1	
  GeV	
  	
  

–  Cross	
  sec?ons	
  	
  
•  Abar	
  more	
  precise	
  (dilepton	
  5%),	
  almost	
  compable	
  to	
  theory	
  
•  Single	
  top	
  10%	
  

–  Differen?al	
  cross	
  sec?on:	
  keep	
  them	
  coming	
  
•  Already	
  being	
  used	
  in	
  improving	
  signal	
  modeling	
  uncertain?es	
  

–  Many	
  measurements	
  of	
  other	
  proper?es	
  are	
  now	
  systema?cally	
  
limited:	
  W	
  helicity,	
  	
  top	
  polariza?on,	
  spin	
  correla?ons	
  

•  Systema?c	
  uncertain?es:	
  lots	
  to	
  do	
  
•  Many	
  stringent	
  direct	
  searches	
  for	
  new	
  physics	
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Top	
  2013	
  wishlist	
  
•  Top	
  quark	
  mass	
  

–  Defini?on	
  (different	
  measurement	
  technique)	
  
–  All	
  channels	
  in	
  each	
  experiment	
  
– World	
  combina?on	
  (<1	
  GeV?)	
  

•  Cross	
  sec?on	
  Abar	
  and	
  single	
  top	
  
–  All	
  measurements	
  in	
  each	
  channel	
  
–  Theory	
  uncertainty	
  (~3%)	
  	
  

•  Differen?al	
  cross	
  sec?ons	
  
•  Top	
  proper?es	
  

–  Include	
  single	
  top	
  samples	
  
•  More	
  searches	
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This	
  relies	
  on	
  
improving	
  our	
  
systema?c	
  
uncertain?es	
  




