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In	  the	  first	  part	  of	  this	  lecture,	  we	  will	  review	  the	  techniques	  on	  which	  
par$cle	  physics	  detectors	  are	  based,	  taking	  as	  concrete	  example,	  
the	  ATLAS	  and	  CMS	  detectors	  at	  the	  LHC.	  In	  the	  second	  part,	  we	  will	  
address	  basic	  object	  iden$fica$ons	  with	  par$cle	  physics	  detector.	  In	  
the	  last	  part	  of	  the	  lecture,	  we	  will	  study	  applica$ons	  to	  searches	  at	  the	  LHC.	  



Recall	  –	  from	  Part	  I	  
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Bremsstrahlung:	  a	  charged	  par$cle	  of	  mass	  M	  and	  charge	  q=Z1e	  is	  deflected	  by	  a	  	  
nucleus	  of	  charge	  Ze	  which	  is	  par$ally	  shielded	  by	  atomic	  electrons.	  During	  the	  
deflec$on,	  the	  charge	  is	  accelerated	  and	  therefore	  radiates	  

Cri$cal	  Energy:	  	  
dE/dx(Ioniza$on)	  =	  dE/dx	  (Bremsstrahlung)	  

For	  muon,	  second	  lightest	  par$cle	  a]er	  
electron,	  cri$cal	  energy	  is	  at	  400	  GeV.	  EM	  brem	  
is	  only	  relevant	  for	  electrons	  at	  energies	  of	  
present	  detectors	  

Propor$onal	  to	  Z2/A	  of	  material	  
Propor$onal	  to	  Z14	  of	  incoming	  par$cle	  
Propor$onal	  to	  1/M2	  of	  par$cle	  
Propor$onal	  to	  the	  Energy	  of	  par$cle:	  E(x)=E0exp(-‐x/X0)	  
X0	  =	  radia$on	  length	  

Pair	  Produc$on:	  
photon	  conversion	  
into	  e-‐e+	  pair	  in	  a	  
material	  

For	  Eγ>>meC2=0.5	  MeV;	  
λ=9/7X0.	  The	  average	  distance	  
a	  photon	  travels	  before	  it	  
converts	  into	  an	  e+e-‐	  pair	  is	  
equal	  to	  9/7	  of	  the	  distance	  
an	  electron	  travels	  before	  
reducing	  its	  energy	  from	  E0	  
to	  E0exp(-‐1)	  by	  brem	  



Recall	  –	  from	  Part	  I	  
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Calorimeters:	  Energy	  measurement	  by	  total	  
absorp$on	  of	  the	  incoming	  par$cle	  
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Calorimeters:	  Energy	  measurement	  by	  total	  
absorp$on	  of	  the	  incoming	  par$cle	  

5	  



Par$cle	  Iden$fica$on	  
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Par$cle	  Iden$fica$on	  
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dE/dx	  
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Cherenkov	  Radia$on	  
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Ring	  Imaging	  Cherenkov	  (RICH)	  detectors	  
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ATLAS	  Inner	  Detector	  

The	  Inner	  Detector	  is	  immersed	  in	  2T	  magne$c	  field	  generated	  by	  a	  central	  
Solenoid	  which	  extends	  over	  a	  length	  of	  5.3	  m	  with	  a	  diameter	  of	  2.5	  m	  
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ATLAS	  Calorimeter	  
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Muon	  Spectrometer	  
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Luminosity	  measurements	  …	  

•  Ini$ally	  from	  machine	  parameters	  	  
–  Precision	  ~10-‐15%	  

•  Medium	  term	  from	  physics	  
processes:W/Z	  &	  µµ/ee	  
–  Precision	  ~5-‐10%	  

•  >=	  2011	  from	  Roman	  Pot	  detectors	  
–  Precision	  ~2-‐3%	  

CMS/TOTEM	  and	  ATLAS	  forward	  detectors	  for	  forward	  physics,	  heavy	  ion,	  …	  and	  	  
luminosity	  measurements	  
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ATLAS	  Magnets	  
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Cross	  sec$on	  and	  rate	  at	  the	  LHC	  
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Level	  1	  Trigger	  



Alignment	  
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Materials	  in	  the	  front	  of	  the	  ATLAS	  calorimeter	  
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Materials	  in	  the	  front	  of	  the	  ATLAS	  calorimeter	  



25	  

Materials	  in	  the	  front	  of	  the	  ATLAS	  calorimeter	  



Electron	  iden$fica$on:	  Track/Cluster	  matching	  
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Electron	  =	  track	  in	  the	  Inner	  Detector	  (direc$on	  measurement)	  
Matched	  to	  an	  EM	  cluster	  in	  the	  calorimeter	  (energy	  
measurement).	  Need	  to	  know:	  
	  	  -‐	  material	  distribu$on	  in	  the	  Inner	  detector	  in	  the	  front	  of	  the	  	  	  	  	  	  	  
EM	  calorimeter	  
	  	  -‐	  calibra$on	  of	  the	  energy	  response	  of	  the	  calorimeter	  
	  	  -‐	  rejec$on	  against	  jet	  faking	  electrons	  



Electron	  iden$fica$on	  
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Photon	  iden$fica$on	  
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Photon	  =	  no	  track	  in	  the	  Inner	  Detector	  and	  an	  EM	  cluster	  in	  the	  calorimeter	  
However:	  because	  of	  materials	  in	  the	  Inner	  Detector	  and	  in	  front	  of	  the	  calorimeter,	  
Photon	  may	  convert	  into	  e-‐e+	  pair.	  	  photon	  may	  be	  reconstructed	  as	  single	  or	  double	  
Track	  conversion	  



Photon	  iden$fica$on	  

29	  



Muon	  iden$fica$on	  
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Muon:	  iden$fied	  as	  tracks	  in	  the	  
Inner	  Detector	  and	  the	  Muon	  Spectrometer.	  
For	  muon	  with	  enough	  energy	  to	  pass	  	  
through	  the	  calorimeter,	  then	  energy	  loss	  
in	  the	  calorimeter	  must	  be	  corrected	  for.	  

Internal	  alignment	  of	  Muon	  chambers	  
important	  and	  rela$ve	  alignment	  of	  the	  
inner	  Detector	  and	  Muon	  Spectrometer	  	  
also	  important	  to	  match	  track	  segments	  
From	  both	  detectors.	  

Magne$c	  field	  mapping	  also	  	  
important	  



Muon	  Iden$fica$on	  
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Muon	  Iden$fica$on	  
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Hadronic	  tau	  iden$fica$on	  

33	  

Thus	  also	  needs	  the	  tracks	  (Inner	  Detector)	  associated	  to	  a	  narrow	  Cluster.	  Need	  a	  strong	  
rejec$on	  against	  jets,	  electrons,	  while	  maintaining	  high	  tau-‐jet	  reconstruc$on	  
efficiency	  



Hadronic	  tau	  iden$fica$on	  
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Jet	  and	  Missing	  ET	  iden$fica$on	  
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Jet	  and	  Missing	  ET	  iden$fica$on	  
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Jet	  Reconstruc$on	  
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Track	  jets	  use	  tracks	  as	  input	  to	  the	  jet	  finding	  and	  reconstruc$on.	  This	  would	  
Miss	  the	  neutral	  component	  of	  the	  jet.	  However	  track	  jets	  are	  useful	  in	  a	  	  
Number	  of	  applica$ons	  



Missing	  ET	  Reconstruc$on	  
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Fake	  Missing	  ET	  
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Fake	  Missing	  ET	  
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Jet	  energy	  scale	  
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Jet	  Reconstruc$on	  
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Missing	  ET	  Reconstruc$on	  
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Missing	  ET	  performance	  
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Flavor	  tagging	  
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For	  example:	  
v	  	  wb	  wb	  	  jjb	  eνb	  

You	  want	  to	  tag	  these	  
jets	  a	  b-‐jet	  to	  reduce	  
backgrounds	  



Simpler	  b-‐taggers	  
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Simpler	  b-‐taggers	  
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Conclusion	  
•  Par$cle	  physics	  detector	  design,	  construc$on	  and	  opera$on	  

requires	  a	  good	  knowledge	  of:	  
–  Basic	  physics,	  EM,	  Rela$vity,	  Quantum	  Mechanics,	  QED	  and	  QCD	  
–  Basic	  knowledge	  of	  electronics	  
–  Basic	  knowledge	  of	  so]ware	  and	  compu$ng	  
–  Of	  course	  a	  good	  background	  in	  theore$cal	  physics	  formalism	  

•  The	  rest,	  data	  analysis,	  brings	  in	  other	  requirements	  
–  Par6cle	  Iden6fica6on,	  event	  reconstruc6on,	  	  background	  

subtrac6on	  
–  A	  good	  background	  in	  sta6s6cal	  methods,	  for	  discoveries	  or	  

se>ng	  exclusion	  limits	  
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