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The	  Atlas	  Detector	  

James	  A.	  Mueller	   2	  Loop	  Fest	  2012	  



Top	  quark	  signature	  
t→Wb,	  W→lν	  or	  W→jet	  jet	  	  
•  Electrons:	  Calorimeter	  and	  tracking	  informaIon.	  

–  Isolated	  ,	  high	  pT	  
•  Muons:	  Muon	  Chamber	  tracks	  matched	  to	  inner	  detector	  

track.	  
–  Isolated,	  high	  pT	  

•  Neutrinos:	  indicated	  by	  Etmiss=	  -‐	  ΣpT	  of	  detected	  objects	  

•  Jets:	  AnI-‐kT	  algorithm,	  R=0.4	  
–  High	  pT	  

•  b-‐jets:	  idenIfied	  using	  secondary	  vertex	  and/or	  track	  impact	  
parameters.	  
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!̅→eν	  +	  μν	  +	  jets	  
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b-‐jet	  tagging	  CalibraIon	  
•  One	  example	  of	  using	  data	  to	  calibrate	  results.	  

–  Use	  b→μX	  to	  enhance	  b-‐jet	  purity,	  and	  measure	  tagging	  efficiency.	  
–  Determine	  scale	  factor	  to	  correct	  eff.	  Determined	  from	  MC.	  	  	  
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!̅	  cross	  secIon	  in	  lepton+jets	  
ATLAS-‐CONF-‐2011-‐121 	  ∫L	  =	  0.70	  D-‐1	  

•  Uses	  e/μ	  final	  states	  (plus	  jets)	  
•  likelihood	  discriminant	  using	  kinemaIc	  differences	  between	  signal	  and	  

background.	  
–  Lepton	  η,	  leading	  jet	  pT,	  aplanarity,	  	  

•  Simultaneous	  fit	  for	  Signal	  and	  Background	  
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σtt ̅ = 179.0 ± 3.9(stat) ± 9.0(syst) ± 6.6(lumi) pb Largest syst. is differences 
between MC generators 

Ht,3p =

�Njets

i=3 |p2T,i|
�Nobjects

j=1 |pz,j |
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Summary	  of	  cross-‐secIon	  
measurements	  
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All	  ATLAS	  measurements	  of	  σA̅	  	  
are	  consistent	  with	  each	  other.	  
	  
NNLO	  predicIon	  of	  σA̅	  	  	  is	  
consistent	  with	  measurement,	  
albeit	  with	  larger	  uncertainty.	  

NEW:	  e/μ	  +	  τ	  	  jets	   	  arXiv:1205.2067 	  ∫L	  =	  2.05	  D-‐1	  
σO̅	  =	  186.0	  ±	  13(stat)	  ±	  20(syst)	  ±	  7(lumi)	  pb	  
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!̅	  +	  jet	  
ATLAS-‐CONF-‐2011-‐142 	  ∫L	  =	  0.70	  D-‐1	  

•  lepton	  (e,	  μ)	  +	  ≥	  4	  jets	  (pT	  >25	  GeV)	  
•  Background	  subtracted	  Njet	  distribuIon,	  with	  jet	  pT	  cut	  
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!̅	  +	  γ	  
ATLAS-‐CONF-‐2011-‐153 	  ∫L	  =	  1.04	  D-‐1	  

•  Probe	  top	  QED	  coupling	  
•  lepton	  (e,	  μ)	  +	  ≥	  4	  jets	  
•  pT(γ)	  >	  15	  GeV	  

–  Generator	  >	  8	  GeV	  

•  Fit	  S	  and	  B	  templates	  for	  pTcone20	  in	  e+jets	  and	  μ+jets	  simultaneously.	  
–  pTcone20	  ≡	  scalar	  sum	  of	  track	  pT	  with	  ΔR<0.2	  around	  photon	  candidate	  
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1 Introduction

The top quark was discovered more than fifteen years ago, but many of its properties have been measured

only with large uncertainties or even not at all. With the large number of top quarks already recorded

at the LHC, measurements with much higher precision can be performed to investigate the properties of

the top quark. One example of these properties is the electroweak couplings of the top quark. They can

be probed directly by investigating tt̄ events with an additional gauge boson, like tt̄γ and tt̄Z events.

A test of the vector and axial vector couplings in tt̄γ events will only be feasible with an integrated

luminosity of several fb−1 [1–3]. However, the cross section for the process pp→ tt̄γ and the confirma-

tion of the Standard Model top quark charge are properties that can be determined with smaller datasets.

A first measurement of σtt̄γ and the ratio σtt̄γ/σtt̄ in pp̄ collisions at the Tevatron collider is described

in [4, 5].

Photon radiation off top quarks can be classified into two processes: The first process is tt̄γ production

with the top quarks decaying without photon radiation (radiative top quark production) as shown in

Fig. 1. This type of process includes photons radiated from off-shell top quarks as well as photons

radiated off the incoming partons (ISR). The second process is radiative top quark decay, where a photon

is radiated either from an on-shell top quark, its decays products or the decay products of the W-boson.

Some representative diagrams for tt̄γ decays are illustrated in Fig. 2. The analysis presented here does not

distinguish between radiative top quark production and decay. Consequently, non-negligible interference

effects between the two processes are taken into account.

In this note we present the first measurement of the cross section times branching ratio (BR) into

single or dilepton channels (including τ-leptons) for the process pp → tt̄γ at a centre-of-mass energy

of 7 TeV. The measurement is performed using data with an integrated luminosity of 1.04 fb−1 taken

with the ATLAS detector. The event selection is performed in the single electron and single muon event

samples.
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Figure 1: Representative Feynman diagrams for the process of tt̄γ production.

2 Signal and Background Modeling

In order to calculate the efficiency for the signal (tt̄γ), to estimate some of the background contributions

and to evaluate systematical uncertainties, Monte Carlo (MC) samples are used. All MC samples are

generated with multiple pp interactions (pile-up) and are reweighted by matching the distribution of

the number of interactions per bunch crossing to the one observed in data (on average 5.6 interactions

per bunch crossing). The samples are passed through the GEANT4 [6] simulation [7] and the same

reconstruction software of the ATLAS detector as applied on data.

The signal sample is generated with the WHIZARD [8] MC generator, which allows for a full cal-

culation of the seven-particle final states $ν$qq̄
′bb̄γ and $ν$$

′ν$′bb̄γ with $/$
′ = e, µ, τ, taking into ac-

1

σtt ̅γ = 2.0.0 ± 0.5(stat) ± 0.7(syst) ± 0.08(lumi) pb SM 2.1 ± 0.4 pb 

e+jets µ+jets 
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Top	  Quark	  Mass	  
arXiv:1203.5755 	  ∫L=1.04	  D-‐1	  

•  (e,	  μ)+jets	  
•  At	  least	  one	  jet	  b-‐tagged	  
•  Observables:	  

–  Jet-‐pair	  mass	  (mW)	  
–  Jet-‐triplet	  mass	  (mt)	  

•  Two	  parameter	  fit	  
–  mt	  

–  JSF	  ≡	  Global	  Jet	  energy	  Scale	  Factor	  	  
(pT	  and	  η	  independent)	  
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mt = 174.5 ± 0.6(stat) ± 2.3(syst) GeV 
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Top	  quark	  mass	  
Already	  systemaIcs	  limited	  
•  3	  main	  sources	  

–  RelaIve	  energy	  scale	  between	  b-‐jet	  
and	  light	  jet	  

–  Modeling	  of	  ISR	  and	  FSR	  
–  Light	  quark	  jet	  energy	  scale	  
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Will be challenging to reduce systematics to level of Tevatron. 
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Spin	  CorrelaIon	  in	  !̅	  producIon	  

arXiv:1203.4081 	  ∫L	  =	  2.1	  D-‐1	  
•  Di-‐leptonic	  t	  t̅	  events	  (ee,	  μμ,	  eμ)	  
•  SensiIve	  observable:	  Δφ	  

between	  leptons	  in	  lab	  frame.	  
•  From	  fit,	  extract	  fSM	  ≡	  fracIon	  of	  

standard	  model-‐like	  events.	  
•  Can	  also	  determine	  asymmetry	  

between	  aligned	  and	  anI-‐aligned	  
t	  and	  t̅	  spins.	  

–  Abasis	  =	  ASM
basisfSM	  
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fSM =  1.30± 0.14!.022+0.27
Inconsistent with zero spin correlation with 
significance of 5.1 sigma 
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Charge	  Asymmetry	  in	  !̅	  
producIon	  

arXiv:1203.4211 	  ∫L=1.04	  D-‐1	  

Tevatron	  experiments	  report	  2-‐3σ	  excess	  over	  SM	  expectaIons	  in	  AFB.	  
At	  LHC,	  AFB=0,	  but	  BSM	  effects	  would	  be	  manifest	  is	  a	  charge	  asymmetry.	  
	  
	  
	  
where	  	  
SM	  value	  is	  AC=0.006±0.002	  (MC@NLO)	  
	  
•  ATLAS	  uses	  (e,μ)+jets.	  
•  Lepton	  charge	  determines	  t(t̅)	  
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AC =
N(! y > 0)" N(! y < 0)
N(! y > 0)+ N(! y < 0)

! y = yt " yt
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Constraining	  BSM	  with	  AC	  
•  Two	  inv.	  mass	  bins:	  	  

–  mA̅	  <	  450	  GeV	  
–  mA̅	  >	  450	  GeV	  

AC=	  -‐0.018	  ±	  0.028(stat)	  ±	  0.023(syst)	  
	  -‐0.053	  ±	  0.070(stat)	  ±	  0.054(syst)	  mA̅	  <	  450	  GeV	  

	  -‐0.008	  ±	  0.035(stat)	  ±	  0.032(syst)	  mA̅	  >	  450	  GeV	  
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Limits on allowed AC and AFB regions 
can constrain models proposed to 
explain the value of AFB observed at 
Tevatron. 
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Single	  top	  cross	  secIon	  	  

ATLAS-‐CONF-‐2011-‐101 	  ∫L=0.70	  D-‐1	  

	  
•  t-‐channel	  W-‐exchange	  
•  Cut	  and	  neural	  network	  analysis	  

–  l +	  Etmiss	  +2	  or	  3	  jets	  

–  b-‐tagging	  
–  KinemaIc	  quanIIes	  
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mtop after cuts on 
ηjet, HT, Δη(jets) 
for 2jet sample 
(one b-tagged). 

σt = 90± 9(stat)+31
−20(syst)pb
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Single	  top	  cross	  secIon	  

ATLAS-‐CONF-‐2011-‐104 	  ∫L=0.70	  D-‐1	  
•  Associated	  Wt	  producIon	  
•  Cut-‐based	  analysis,	  both	  W→lν 

σt	  <	  39.1(40.6)	  pb	  @95%CL 	  	  
–  obs(exp)	  

ATLAS-‐CONF-‐2011-‐118 	  ∫L=0.70	  D-‐1	  
•  s-‐channel	  W	  
•  Cut-‐based,	  W→lν 

•  σt	  <	  26.5(20.5)	  pb	  @95%CL	  
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σt = 14+5.3
−5.1(stat)

+9.7
−9.4(syst)pb
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FCNC	  single	  top	  producIon	  
arXiv:1203.0529 	  ∫L=2.05	  D-‐1	  

•  qg→t→Wb,	  W→lν 
•  Neural-‐net	  analysis	  
•  Most	  significant	  variable:	  

–  W	  pT,	  ΔΡ(b-‐jet,	  lν),	  lepton	  charge	  

•  σ(qg→t)·∙(t→Wb)	  <	  3.9pb	  @95%CL	  

•  B(t→ug)<5.7·∙10-‐5	  
•  B(t→cg)<2.7·∙10-‐4	  
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World best! 
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W	  polarizaIon	  in	  !̅	  decays	  	  

ATLAS-‐CONF-‐2011-‐122 	  ∫L=0.70	  D-‐1	  

Θ*	  ≡	  helicity	  angle	  of	  lepton	  in	  W-‐decay	  
from	  top.	  
•  Uses	  both	  di-‐lepton	  and	  (e,μ)+jets	  

events.	  	  

James	  A.	  Mueller	   18	  

1

Γ

dΓ

d cos θ∗
=

3

8
(1 + cos θ∗)2 FR +

3

8
(1− cos θ∗)2 FL +

3

4

�
1− cos2 θ∗

�
F0

NNLO QCD calculations (Czarnecki, Korner, Piclum)  
F_0 = 0.687±0.005, F_L = 0.311±0.005, F_R = 0.0017±0.0001 
 
Under assumption that FR~0, ATLAS measures 

 F0=0.75±0.08 (stat+syst),  FL=0.25±0.08 (stat+syst) 
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Limits	  on	  anomalous	  couplings	  
from	  W	  polarizaIon	  

•  New	  physics	  can	  be	  parameterized	  in	  terms	  of	  an	  effecIve	  
Lagrangian.	  
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L = − g√
2
b̄γµ (VLPL + VRPR) tW

−
µ − g√

2
b̄
iσµνqν
MW

(gLPL + gRPR) tW
−
µ +h.c.

where VL = Vtb + C(3,3+3)
φq

v2

Λ2

VR =
1

2
C33

φφ
∗ v2

Λ2
gL =

√
2C33

dW
∗ v2

Λ2

gR =
√
2C33

uW
v2

Λ2

Constraints can be placed on 
these anomalous couplings 
as well. 
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Summary	  and	  Outlook	  
In	  2011,	  ATLAS	  collected	  a	  large	  number	  of	  top	  events.	  
•  "̅	  produc_on	  

–  Cross-‐sec_on:	  uncertainty	  dominated	  by	  systemaIcs,	  smaller	  than	  theory	  
uncertainty	  

–  Mass:	  uncertainty	  dominated	  by	  systemaIcs.	  	  Considerable	  effort	  needs	  to	  be	  
invested	  to	  reach	  Tevatron	  precision.	  

–  Proper_es:	  so	  far	  all	  consistent	  with	  SM	  predicIons.	  
•  Single	  top	  

–  Cross	  sec_on:	  measurement/limits	  on	  all	  channels.	  
–  Worlds	  best	  limit	  on	  FCNC	  B(t→u(c)+g)	  

•  I	  haven’t	  shown	  a	  lot	  of	  searches	  made.	  
Outlook	  (1):	  (2011	  data	  set)	  

	  Use	  full	  5	  �-‐1.	  Many	  analyses	  sIll	  in	  progress.	  
	  improved	  simulaIon,	  larger	  data	  samples	  
	  SystemaIcs	  improving	  as	  we	  study	  data	  more	  closely.	  
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Outlook	  (2):	  2012	  prospects	  
2012	  Data	  taking	  has	  begun	  
Already	  >	  1	  �-‐1	  
	  

Peak	  instantaneous	  
luminosity	  has	  already	  
exceeded	  2011.	  

	  	  
	  

Much	  more	  to	  come!	  
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