
3/1/12	   Luminosity	  measurement	  and	  SM	  results	  from	  ATLAS	   1	  

NITESH	  SONI	  
University	  of	  Alberta	  

(based	  at	  CERN)	  

at	  

1st	  March,	  2012	  



3/1/12	   Luminosity	  measurement	  and	  SM	  results	  from	  ATLAS	   2	  

LHC	  and	  the	  ATLAS	  experiment	  

Measurements	  of	  W	  and	  Z	  vector	  bosons	  proper=es	  
Determina=on	  of	  luminosity	  
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7TeV	  

p	  

p	  

ATLAS	  
(general	  purpose)	  

LHCb	  
(B-physics)	  

CMS	  
(general	  purpose)	  

ALICE	  
(Heavy	  ION)	  

 	  	  27	  km	  Long	  Collider	  Ring	  
 	  	  Located	  330	  feet	  under	  ground	  

 	  Collisions	  per	  second	  :	  660	  million	  
 	  Design	  Luminosity	  (L)	  :	  1034	  cm-‐2	  s-‐1	  
(	  Achieved	  luminosity	  in	  2011~3.65	  X	  1033	  cm-2s-1)	  

 	  	  Proton	  Collisions	  (pp)	  at	  CM	  =	  7TeV	  
	  	  	  (in	  2010/11)	  
 	  Heavy	  Ion	  Collisions	  (PbPb)	  at	  CM	  =	  2.76TeV/u	  	  
	  	  	  (in	  late	  2010-‐11	  run)	  

Geneva	  
Lake	  
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weighs:	  7700	  tons,	  44	  X	  25	  X	  20m,	  100	  million	  channels	  

Inner	  Detector	  (tracking)	   Calorimeters	  Muon	  System	  

Luminosity	  Detector	  
(LUCID)	  

is	  BIG	  

person	  

η	  =	  ∞	  
θ	  =	  0o	  

η	  =	  0	  
θ	  =	  90o	  
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Operational	  Fractions	  in	  2011	  Expect	  to	  repair	  most	  of	  the	  failed	  channel	  
during	  the	  technical	  shutdown	  
(in	  2010	  was	  able	  to	  restore	  the	  detector	  >	  99%)	  
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Lpeak	  =	  2.1	  X	  1032	  cm-‐2s-‐1	  
Max.	  Nbunches	  =	  348	  

At	  √s	  	  =	  7TeV,	  eirst	  collisions	  on	  30th	  March,	  2010	  

Lpeak	  =	  3.65	  X	  1033	  cm-‐2s-‐1	  
Max.	  Nbunches	  =1854	  
bunch	  spacing	  =	  50ns	  

5.21'b-1	  in	  2011	  at	  √s	  	  =	  7TeV	  

 	  	  	  	  Spectacular	  Performance	  of	  LHC	  
 	  	  	  	  Peak	  Luminosity	  =	  3.65	  X	  1033	  cm-‐2s-‐1	  
 	  	  	  	  	  Max.	  Data	  recorded/day	  	  135pb-‐1	  
	  	  	  	  	  	  	  (~3	  times	  more	  than	  2010)	  
 	  	  	  	  93.5	  %	  of	  data	  taking	  efeiciency	  
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Z-‐boson	  Event	  with	  20	  	  
reconstructed	  vertices	  

• Deal	  with	  pile-‐up	  is	  great	  challenge	  in	  high	  
luminosity	  running	  scenario	  (tracking,	  
vertexing,	  lepton	  isolation,	  jet	  energy	  scale,	  
reconstruction	  CPU	  time	  etc.	  )	  
• In	  2011:	  Average	  number	  of	  interactions/
BX	  (<µ>)	  =	  12	  	  (max.	  interactions	  ~	  34)	  
• In	  2010:	  <µ>	  ~	  1.3	  
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 	  	  	  	  Accurate	  measurement	  of	  delivered	  Luminosity	  (L)	  needed	  for	  	  
o 	   Cross-‐section	   measurements	   of	   Standard	  Model	   Processes	   (because	   for	  
most	  of	  them	  the	  largest	  uncertainty	  comes	  from	  luminosity)	  
o 	  Searches	  for	  New	  Physics	  to	  evaluate	  the	  background	  levels	  and	  determine	  
the	  sensitivity	  to	  new	  physics	  signatures	  

 	  	  	  Needed	  for	  monitoring	  the	  performance	  of	  LHC,	  and	  ATLAS	  

 	  	  	  	  Using	  machine	  parameters	  e.g.	  using	  vdM	  scans	  (Currently	  used),	  targeted	  	  
precision	  <	  3%	  
 	  	  Using	  any	  physics	  processes	  e.g.	  using	  W	  and	  Z	  counting	  method	  (only	  used	  
for	  cross-check	  at	  the	  moment	  but	  in	  future	  can	  be	  used):	  targeted	  precision	  1	  
–	  2%	  
 	  Using	  a	  detector	  which	  provides	  the	  absolute	  value	  of	  the	  Luminosity:	  e.g.	  
using	  ALFA	  detector	  (Absolute	  Luminosity	  For	  ATLAS)	  (detector	  in	  operation	  
this	   year	   but	   requires	   special	   conditions	   of	   beam	   to	   provide	   the	   precision):	  
Targeted	  Precision	  <	  1%	  

pr
ec
is
io
n	  
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μ	  =	  Number	  of	  inelastic	  collisions	  per	  bunch	  crossing	  
nb	  =	  Number	  of	  bunch	  pairs	  colliding	  (1,….	  2808)	  
fr	  =	  	  LHC	  revolution	  frequency	  (11245.5Hz)	  
σinel	  =	  total	  inelastic	  pp-‐cross	  section	  (Pythia	  6:	  71.5mb)	  

μvis	  =	  Number	  of	  	  detected	  events	  per	  bunch	  crossing	  

ε	  =	  Acceptance	  X	  efeiciency	  of	  Luminosity	  Detector	  

σvis	  =	  visible	  cross-‐section	  =	  Lumi.	  Calibration	  Constant	  

µvis	  =	  εµ	  :	  measured	  from	  the	  detector	  rates	  (e.g.	  LUCID)	  
σvis	  =	  εσ	  	  :	  measured	  from	  the	  van	  Der	  Meer	  Scan	  (or	  beam	  separation	  scans)	  
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€ 

L =
NW /Z

Obs − NW /Z
Bkg

CW /Z .AW /Z .σth.

#	  of	  W/Z	  events	  

Acceptance	  of	  	  W/Z	  	  	  events	  
Given	  by	  the	  fraction	  of	  events	  
satisfying	  the	  geometrical	  and	  	  
kinematical	  cuts	  in	  the	  event	  
selection	  

Total	  Eff.	  to	  record	  	  
the	  event	  which	  falls	  
within	  acceptance	  

#	  of	  background	  events	  expected	  (small)	  

theoretical	  cross-‐section	  
uncertainty	  ~2-‐3%	  

main	  reason	  NOT	  to	  use	  the	  prime	  method	  
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ATLAS	  Strategy:	  Several	  sub-detectors	  and	  multiple	  algorithms	  	  for	  redundancy/
consistency	  (All	  autonomous)	  
in	  2010:	  LUCID	  was	  preferred	  (EventOR)	  and	  in	  2011	  BCM	  is	  preferred	  (EventOR)	  

*	  Bunch-by-Bunch	  
BCM	  
-‐	  EventOR	  ,	  EventAND	  
-‐	  Separate	  measurements	  from	  H/V	  
LUCID	  
-‐	  EventOR,	  EventAND	  
-‐ HitOR,	  HitAND	  
Vtx	  Method	  
	  -‐	  vertex	  based	  Event	  Counting	  
	  -‐	  vertex	  counting	  
ZDC	  (HI)	  
-‐	  Evt.	  Inclusive	  A	  or	  C	  

*	  BCID	  blind	  
FCAL	  
-‐	  Gap	  currents	  
Tile	  Cal	  
-‐	  PMT	  Currents	  
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• 	  	  Dedicated	  to	  provide	  the	  bunch	  by	  bunch	  luminosity	  in	  ATLAS	  (Relative)	  
• 	  	  Ofeicial	  ATLAS	  Online	  Luminosity	  Monitor	  
• 	  	  It	  has	  the	  Interaction	  Trigger	  Capability	  at	  low	  luminosity	  ~	  1033	  cm-‐2	  s-‐1	  
• 	  	  After	  calibration	  it	  provides	  the	  Absolute	  Luminosity	  
• 	  	  Sensitive	  to	  charged	  particles	  pointing	  to	  the	  primary	  pp-‐collisions	  
• 	  	  LUCID	  Phase-I	  design	  for	  L~1027	  cm-2	  s-1	  to	  4	  X	  1033	  cm-2s-1	  

• 	  Two	  modules	  at	  ±	  17m	  from	  Interaction	  Point	  
• 	  5.6	  <	  |η|	  <	  5.9	  :	  placed	  in	  the	  forward	  direction	  
• 	  20	  re]lected	  Aluminum	  Tube/Module	  
• 	  Filled	  with	  C4H10	  gas	  

• 	  Photons	  are	  emitted	  at	  3o	  
• 	  Typically,	  3	  re]lections	  inside	  the	  tube	  
• 	  Photons	  are	  readout	  by	  Photomultiplier	  
tubes	  (PMT)	  

JINST	  3	  S08003	  (2008)	  Note:	  A.er	  2011	  technical	  shutdown	  LUCID	  was	  also	  run	  without	  gas	  
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n1	   n2	  

ISR-‐PO/68-‐31,	  1968	  (CERN)	  
Eur.	  Phys.	  J.	  C	  	  71(2011)	  1630	  

Most	  Standard	  Scan	  Sequence	  
• 	  	  Initial	  horizontal	  scan	  followed	  by	  vertical	  	  
(recentering	  of	  beams	  if	  required)	  	  
• Second	  horizontal	  scan	  followed	  by	  vertical	  scan	  
(check	  on	  reproducibility	  issues	  on	  key	  elements	  of	  luminosity)	  
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n1	   n2	  

Σx	  

where	  	  1	  

2	  

Comparing	  1	  and	  2	  

€ 

σvis = 2π µvisΣXΣY
n1n2 from	  current	  measurement	  

ISR-‐PO/68-‐31,	  1968	  (CERN)	  
Eur.	  Phys.	  J.	  C	  	  71(2011)	  1630	  

Eur.	  Phys.	  J.	  C	  	  71	  (2011),	  1630	  
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Source	   Uncertainty	  

Beam	  centering	   0.1%	  
Emittance	  Growth	   0.5%	  
Beam	  Position	  Jitter	   0.3%	  
σvis	  consistency	   0.5%	  
Length	  Scale	  Calibration	   0.3%	  
Fit	  model	   0.8%	  
Absolute	  ID	  length	  scale	   0.3%	  
Transverse	  correlations	   0.9%	  
µ-‐dependence	   0.5%	  
Bunch	  Charge	  Product	   3.1%	  
Detector	  stability	   0.7%	  
Total	   3.4%	  

Dominant	  systematic	  Errors	  	  

ATLAS-‐CONF-‐2011-‐116	  Eur.	  Phys.	  J.	  C	  	  71	  (2011),	  1630	  

σvis	  =	  41.75±1.30mb	  	  
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Direct-‐Current	  Current	  Transformer	  (DCCT)	  
(measure	  the	  total	  current)	  

Fast	  Bunch-‐Current	  Transformer	  (FBCT)	  
(Measure	  the	  fraction	  of	  the	  current	  in	  each	  	  

bunches)	  

€ 

n j = (α .NDCCT − Nbaseline − NGhostch arg e )
N j

FBCT

NFBCT

j
∑

#	  of	  protons	  in	  bunch	  j	   Calibrated	  Scale	  Factor	   baseline	  offset	  from	  DCCT	  

Systematic	  Errors	  on	  n1n2	  

2.7%	  	  	  	  	   <0.1%	   negligible	   1.6%	   =	  3.1%	  

Total	  Calibration	  Errors	  =	  	  Error	  Scan	  	  	  	  	  	  	  	  	  	  	  Error	  Current	  =	  1.3%	  	  	  	  	  	  	  	  	  	  3.1%	  	  =	  3.4%	  

CERN-‐ATS-‐Note-‐2011-‐004	  PERF,2011	  

Eur.	  Phys.	  J.	  C	  	  71	  (2011),	  1630	  

NOTE:	  Informa=on	  
provided	  by	  LHC	  
	  Luminosity	  Team	  
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  For	  latest	  update	  for	  Luminosity	  update	  please	  see	  the	  ATLAS	  talk	  on	  
LHC	  Lumi-‐days	  workshop	  today	  
o  https://indico.cern.ch/conferenceOtherViews.py?
view=standard&confId=162948	  

  There	  is	  drastic	  improvement	  in	  current	  measurements	  and	  errors	  will	  
go	  down	  to	  less	  than	  2%	  (although	  these	  numbers	  are	  still	  preliminary,	  
beam	  current	  measurement	  3.1	  %0.35%)	  

  The	  machine	  running	  scenario	  would	  be	  different	  in	  2012,	  and	  some	  
detector	  needs	  to	  re-‐calibrate,	  MC	  needs	  to	  tune	  for	  8TeV	  

  Luminosity	  calibration	  might	  affect	  from	  long	  term	  stability,	  mu-‐
dependence	  issues,	  Detector	  reproducibility/internal	  consistency	  
issues	  (change	  over	  the	  shutdown	  e.g.	  LUCID	  modules	  etc.)	  
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  Detector	  and	  its	  operations	  in	  2011	  	  
  Luminosity	  Measurements	  

o  ATLAS	  Strategy	  	  
o  van	  der	  Meer	  Scans	  at	  ATLAS	  
o  Luminosity	  results	  and	  prospects	  for	  2012	  

  Physics	  Topics	  
o  Results	  from	  Electroweak	  Bosons	  (W	  and	  Z)	  

•  Total	  and	  differential	  Cross-‐section	  measurement	  
•  Lepton	  Charge	  Asymmetries	  in	  Wlν	  
•  W-‐polarization	  studies	  

o  Diboson	  Final	  States	  
•  W/Z+γ,WW,WZ,ZZ	  production	  

o  Higgs	  Searches:	  Latest	  update	  
  Summary	  
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  2010	  (data	  set	  ~	  34pb-‐1)	  
o  Understand	  and	  to	  Calibrate	  the	  detector	  
o  Rediscover	  the	  Standard	  Model	  

  2011	  (data	  set	  ~	  5eb-‐1)	  
o  Precise	  Understanding	  of	  SM	  at	  high	  
Energies	  
•  Distribution	  of	  extra	  jets	  in	  SM	  processes	  
•  Background	  to	  searches	  

o  New	  Physics	  
•  Discover,	  if	  lucky	  
•  Else	  restricted	  the	  allowed	  regions	  

  2012	  +..	  (~10-‐15eb-‐1)	  
o  Close	  on	  Mass	  mechanisms	  (higgs?)	  
o  …	  and	  may	  be	  more	  
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LHC	  @	  7TeV	  

Total	  inelastic	  pp-‐Cross-‐sections	  ~70mb	  

expect	  huge	  statistics	  for	  B-‐physics	  

top-‐quark	  production	  

Higgs	  production,	  more	  events	  produced	  
compare	  to	  any	  previous	  collider	  

Copious	  amount	  of	  W’s	  and	  Z’s	  	  production	  

in	  the	  following	  slides	  
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W	  lν;	  	  l	  =	  e	  or	  μ	   Z	  ll;	  l	  =	  e	  or	  μ	  
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	  W	  Signature	  
•  High	  pT	  lepton	  +	  ETmiss	  
•  ET	  >	  	  20GeV	  	  (for	  e)	  and	  pT	  >	  13GeV	  (for	  μ)	  
•  Sum	  (pTID)/pT	  <	  0.2	  isolation	  for	  muon	  	  

W	  Selection	  
•  ETmiss	  >	  25GeV	  
•  Trans.	  Mass	  of	  Lepton,	  mT	  >	  40GeV	  
•  260000	  W	  are	  found	  

	  Z	  Signature	  
•  Two	  high	  momentum	  leptons	  
•  ET	  >	  	  20GeV	  (for	  e)	  and	  pT	  >	  13GeV	  (for	  μ)	  
•  Sum	  (pTID)/pT	  <	  0.2	  isolation	  for	  muon	  
• 	  	  	  	  	  No	  Isolation	  for	  electron	  

Z	  Selection	  
•  A	  pair	  of	  oppositely	  charged	  with	  pT	  

>20GeV	  
•  Invariant	  mass	  66	  <	  mll	  <	  116	  GeV	  
•  25000	  Z	  are	  found	  
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-‐ 	  	  σ(W+)	  >	  σ(W-‐)	  
-‐ 	  	  σ(W)	  >	  σ(Z)	  	  
-‐	  	  Best	  measurement	  so	  far	  
-‐	  	  Great	  input	  to	  various	  
phenomenological	  models	  

Systematic	  from	  Luminosity	  (3.2%)	  

extrapolaQon	  SystemaQc	  

arXiv:1109.5141v3[hep-‐ex]	  
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Differential	  cross-‐section	  	  
measurements	  in	  the	  each	  bin	  

Test	  of	  	  
lepton-‐universality	  

arXiv:1109.5141v2[hep-‐ex]	  

Tests	  for	  multiple	  aspects	  of	  QCD	  
predictions	  

Important	  Ingredients	  for	  tuning	  
simulations	  

comparable	  with	  
PDG	  
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•  Asymmetric	  W-‐production	  provides	  
information	  about	  proton	  structure	  
-  W-production	  (mostly)	  via	  valence-

sea	  quark	  interaction	  
-  |y|-dependancy	  sensitive	  to	  

differences	  between	  u	  and	  d	  parton	  
distribution	  functions	  (PDFs)	  

-  Difeicult	  to	  reconstruct	  W-‐rapidity,	  
use	  decay	  lepton	  rapidity	  

•  Measurements	  compares	  well	  with	  
predictions	  
-  …	  however,	  measurement	  is	  input	  to	  

PDF	  eits	  

•  Common	  phase-‐space	  agreed	  by	  ATLAS,	  
CMS	  and	  LHCb	  within	  LHC	  Electroweak	  
working	  group	  

Phys.	  Lett.	  B	  701	  (2011)	  31-49	  
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•  Use	  high-‐pT	  W	  
-  Sensitive	  to	  gluon	  content	  

-  ugWd,	  dgWu,udWg	  
•  Analyze	  Angular	  Distribution	  of	  the	  decay	  products	  

•  Assume	  ϕ-Symmetry	  
•  Replace	  W-‐decay	  angle	  with	  correlated	  Quantity	  

-  cosθ2D	  =	  pTW.pTl/|pTW|*|PTl|	  
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  W/Z	  results	  included	  NNPDF2.2	  
o  inclusive,	  differential	  cross-‐sections,	  asymmetry	  and	  W/Z+jets	  results	  

  Showing	  impact	  on	  W/Z	  inclusive	  cross-‐section	  and	  Asymmetry	  results	  
o  compete	  set	  of	  plots	  can	  be	  found	  at	  the	  PDF4LHC	  talk	  
https://indico.cern.ch/getFile.py/access?contribId=1&resId=0&materialId=slides&confId=145744	  
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  Highest	  cross-‐section	  diboson	  process	  
o  Probe	  anomalous	  TGC	  (ZZγ	  zero	  in	  SM),	  but	  

new	  physics,	  could	  enhance	  the	  production	  
rate	  

o  Background	  to	  searches	  (e.g.	  techni-‐rho,	  
techni-‐omega,	  GMSB	  SUSY)	  

  High	  pT,	  isolated	  lepton,	  Isolated	  photon	  
  48	  events	  Zγ	  and	  192	  events	  Wγ	  
  Compare	  well	  with	  NLO,	  uncertainty	  ~	  20%	  

  W+W-‐	  production	  via	  qq(~97%)	  and	  gg
(~3%)	  
o  Sensitive	  to	  TGC	  
o  Test	  of	  QCD,	  via	  ggWW	  
o  irreducible	  background	  for	  HWW	  

  Two	  High	  pT	  leptons,	  Missing	  Transverse	  
Energy	  

  Cut	  on	  jet	  multiplicity	  to	  remove	  top	  
  Cross-‐section	  

W/Z+γ	  Production	  

WW	  Production	   ATLAS-‐CONF-‐2011-‐110	  

JHEP	  1109	  (2011)	  072	  
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  New	  particles	  decaying	  into	  WZ	  boson	  e.g.	  
W’,	  Anomalous	  TGCs	  
o  Different	  sensitivity	  compare	  than	  WW	  or	  W/

Zγ	  production	  
  Cleaner	  than	  WW	  

o  S:B	  ~	  5:1	  

  Analysis	  uses	  the	  four	  channels	  with	  
leptonic	  decays,	  50	  signal	  candidates	  

WZ	  Production	  

  Irreducible	  background	  for	  HZZ	  
  Four	  Isolated	  leptons	  

o  Not	  much	  backgrounds	  from	  SM	  processes	  
o  Multiple	  lepton	  combination	  is	  possible	  

o  Small	  Cross	  section	  already	  accessible	  
o  Total	  Cross	  section:	  few	  pb	  
o  1	  eb-‐1	  enough	  to	  make	  eirst,	  statistically	  

limited	  measurement	  

ZZ	  Production	   Phys.	  Rev.	  Le[	  108,	  041804	  (2012)	  

arXiv:1111.5570	  
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 	  	  	  	  	  Inclusive	  single	  bosons	  measurements	  are	  the	  most	  precise	  measurements	  ,	  1	  –	  2*%	  
 	  	  	  	  	  Inclusive	  di-‐bosons	  measurements	  follow	  the	  precision	  of	  the	  order	  of	  5	  -‐	  7%	  
 	  	  	  	  	  W,Z+jets,	  Top	  pair	  cross-‐sections	  are	  still	  at	  the	  level	  of	  8,	  >9%	  precision.	  

*	  excluding	  luminosity	  errors	  
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 Good	  agreement	  between	  data	  and	  SM	  expectations	  
 Experimental	  precision	  starts	  to	  challenge	  the	  theory	  calculation	  
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  Detector	  and	  its	  operations	  in	  2011	  	  
  Luminosity	  Measurements	  

o  ATLAS	  Strategy	  	  
o  van	  der	  Meer	  Scans	  at	  ATLAS	  
o  Luminosity	  results	  and	  prospects	  for	  2012	  

  Physics	  Topics	  
o  Results	  from	  Electroweak	  Bosons	  (W	  and	  Z)	  

•  Total	  and	  differential	  Cross-‐section	  measurement	  
•  Lepton	  Charge	  Asymmetries	  in	  Wlν	  
•  W-‐polarization	  studies	  

o  Diboson	  Final	  States	  
•  W/Z+γ,WW,WZ,ZZ	  production	  

o  Higgs	  Searches:	  Latest	  update	  
  Summary	  
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 Gluon	  fusion:	  
• ggH	  
• dominant	  mechanism	  
• channels:	  
	  	  HWW,ZZ,γγ	  

 Vector	  Boson	  Fusion	  (VBF):	  
• qqqqH	  
• 	  smaller	  but	  distinct	  
• Channels	  
	  	  Hττ	  

 Associated	  Production:	  
• qqWH,	  ZH,	  ttH	  
• 	  the	  smallest	  and	  
difeicult	  
• Channels	  
	  	  Hbb	  

CERN-‐2011-‐002;	  arXiv:1101.0593	  
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Update	  after	  Dec.	  13th	  Council	  meeting	   ATLAS-‐CONF-‐2011-‐163	  

Expected	  (dashed	  lines)	  &	  Observed	  (Solid	  Lines)	  exclusions	  limits	  
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Combined	  upper	  limits	  on	  Higgs	  Cross-‐sec=ons	  

Observed	  Exclusions:	  
	  ATLAS:	  112.7	  –	  115.6	  GeV,	  131	  –	  237	  GeV,	  251	  –	  468	  GeV	  
	  CMS:	  127	  –	  600	  GeV	  
	  LEP:	  <	  114.4GeV	  

o Full	  dataset	  update	  for	  most	  the	  channels	  for	  Moriond	  2012	  conference	  
o ATLAS+CMS	  combination???	  may	  be	  after	  Moriond	  
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LHC	  Running	  @	  2012	  
(outcome	  from	  Chamonix	  

workshop	  2012)	  

Ebeam	  =	  4	  TeV/
beam	   β*	  =	  0.6m	  

<μ>	  =	  35	  Lpeak	  =	  	  
6.8	  X	  1033cm-‐2s-‐1	  

Bunch	  Spacing	  	  =	  
50ns	  

Total	  Int.	  Lumi.	  =	  
15eb-‐1	  

h[ps://indico.cern.ch/conferenceOtherViews.py?view=standard&confId=164089	  

Chamonix	  Workshop	  2012	  link	  at	  	  
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  Higgs	  Searches	  
  SUSY	  Searches	  
  Extra	  dimensions	  
  Exotics	  
  B-‐Physics	   The	  detail	  of	  all	  the	  latest	  results	  can	  be	  found	  at	  	  

https://twiki.cern.ch/twiki/bin/view/AtlasPublic	  
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  Excellent	  year	  of	  LHC	  running	  and	  for	  ATLAS	  
  There	  are	  lots	  of	  efforts	  going	  on	  to	  measure	  
the	  ATLAS	  luminosity	  with	  better	  precision	  

  No	  Surprises	  yet	  but	  many	  SM	  processes	  have	  
been	  studied	  and	  have	  shown	  good	  agreement	  
between	  data	  and	  MC	  

  Many	  SM	  precision	  measurements	  are	  
underway	  with	  full	  available	  statistics	  (~	  5eb-‐1)	  

  ATLAS	  is	  covering	  almost	  every	  possible	  area	  of	  
physics	  at	  LHC	  

  Looking	  forward	  to	  year	  2012	  with	  higher	  
luminosity	  and	  higher	  beam	  energy	  
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Level	  1	  –	  Special	  hardware	  processors	  

Level	  2	  –	  Embedded	  processors	  +	  PC	  Farms	  
(Region	  of	  Interest)	  

Level	  3	  –	  PC	  Farms	  (several	  thousands	  PCs)	  
(Full	  event)	  

Data	  Recording	  and	  ofeline	  analysis	  

40	  MHz	  (40	  TB/s)	  

75	  kHz	  (75	  GB/s)	  

1	  kHz	  (1	  GB/s)	  

100	  Hz	  (100	  MB/s)	  

Finding	  a	  Needle	  in	  a	  Million	  
Haystacks	  

• 	  Beam	  Collides	  every	  50nSec	  
• 	  	  Something	  happens	  every	  
crossing	  
• 	  	  Must	  select	  the	  “interesting	  
ones”	  
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 	  	  Inner	  Detector	  (tracking)	  
o Si	  Pixel	  Layers	  
o Semiconductor	  Tracker	  
o Transition	  Radiation	  Tracker	  

(|η|	  <	  2.5,	  B=2T)	  
σ/pT	  <	  4%	  for	  pT	  ~100	  GeV	  
Good	  e/pi	  separation	  

 	  	  Calorimeters	  
o LAr	  Calorimeter	  (EM)	  

|η|	  <	  3.2,	  Energy	  Res.	  10%/sqrt(E)	  
o Tile	  Calorimeter	  (Hadronic)	  

|η|	  <	  5.0,	  Energy	  Res.	  50%/sqrt(E)	  +	  
0.03	  
e/photon	  identieication	  &	  meas.	  
jets	  and	  Missing	  Energy	  measurement	  

 	  	  Muon	  Spectrometer	  
o Air-‐core	  toroids	  with	  thin	  gap	  
muon	  chambers	  

|η|	  <	  2.47,	  Muon	  Trigger,	  momentum	  
resolution	  <	  10%	  upto	  pT	  ~	  1TeV	  
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• 	  The	  LUCID	  electronics	  is	  de-‐
coupled	  from	  DAQ	  so	  that	  it	  can	  
provide	  the	  luminosity	  
determination	  even	  if	  no	  global	  
ATLAS	  run	  is	  in	  progress	  
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Reason	  for	  another	  scans:	  Because	  of	  change	  in	  Lumi.	  detector	  read	  out	  etc.	  
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  Idea	  is	  to	  include	  or	  exclude	  the	  
Standard	  Model	  Higgs	  
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 	  Provides	  important	  information	  about	  the	  proton	  structure	  as	  described	  by	  the	  parton	  
distribution	  function	  	  
 	  Parton	  Momentum	  Fraction	  Range	  (x)	  10-‐3	  <	  x	  <	  10-‐1	  

arXiv:1103.2929	  [hep-‐ex]	  
submitted	  to	  Phy.	  Lett.	  B	  
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arXiv:1103.2929	  [hep-‐ex]	  
submitted	  to	  Phy.	  Lett.	  B	  

 	  Systematic	  uncertainities	  calculated	  in	  each	  bin	  of	  	  η	  
 	  Dominant	  systematic	  uncertainties	  comes	  from	  the	  trigger	  and	  reconstruction	  
efeiciencies	  	  

All	  predictions	  are	  presented	  
with	  90%	  	  coneidence	  level	  
error	  bands	  

Data	  is	  ~	  compatible	  with	  all	  
the	  predictions	  with	  different	  
PDF’s	  sets	  
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  Measurement	  of	  χb(nP)	  
properties	  provide	  a	  unique	  
insight	  into	  QCD	  close	  to	  the	  	  	  	  	  
threshold	  

  Reconstruction	  via	  radiative	  
decays	  

χb(nP)Υ(1S)γ	  and	  χb(nP)Υ(2S)γ	  
where	  Υ(1S,2S)μ+μ-	  

  χ(3P)	  with	  M=10.530±0.005
(stat.)±0.009(syst.)GeV	  

  First	  Observation,	  predicted	  
with	  M~10.52GeV	  

  Hypereine	  splitting	  between	  
triplet	  states	  J=0,	  1,	  2	  of	  similar	  
size	  as	  mass	  resolution	  

€ 

bb
−

arXiv:112.5154	  


