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Outline	  

•  LHC	  opera@on	  
•  Selected	  results	  from	  ICHEP	  

– High	  Level	  Detector	  Performance	  

– Some	  early	  physics	  results	  
– Early	  studies	  focussed	  towards	  prepara@ons	  for	  
searches	  
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LHC	  Opera@on	  

•  The	  LHC	  delivered	  a	  few	  weeks	  of	  collisions	  at	  
900	  GeV	  in	  November/December	  2009.	  	  (A	  
few	  days	  at	  2.34	  TeV	  also)	  Then	  it	  shut	  down	  
for	  the	  holidays.	  

•  7	  TeV	  opera@ons	  since	  March	  30	  
– Not	  con@nous,	  interspersed	  with	  machine	  studies	  
– Started	  out	  at	  very	  low	  luminosity	  
– now	  a	  few	  1030	  cm-‐2sec-‐1	  
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L≈	  1027cm-‐2s-‐1	  	   L≈	  1028cm-‐2s-‐1	  	   L≈	  0	  	  
L≈	  1029cm-‐2s-‐1	  	  

L≈	  1030cm-‐2s-‐1	  	  

ICHEP	  
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•  The	  results	  shown	  here	  are	  a	  selec@on	  of	  the	  
results	  presented	  by	  CMS	  at	  the	  ICHEP	  
conference	  in	  Paris	  (July	  21-‐28)	  
– 28	  talks	  
–  (about)	  35	  public	  “Physics	  Analysis	  Notes”	  

•  sort	  of	  like	  papers	  

•  Based	  on	  up	  to	  0.28	  pb-‐1.	  	  (~	  0.19	  pb-‐1	  taken	  
the	  week	  before	  ICHEP!!)	  
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High	  Level	  Detector	  (Object)	  Performance	  

•  To	  do	  physics	  at	  the	  LHC	  we	  need	  to	  use	  
–  Electrons	  
–  Muons	  
–  Jets	  
–  Missing	  Energy	  
–  Photons	  
–  B-‐jet	  iden@fica@on	  
–  Taus	  	  

•  Now	  a	  quick	  review	  of	  how	  these	  are	  working	  
•  The	  bobom	  line:	  they	  are	  working	  extremely	  well.	  	  The	  level	  

of	  understanding	  is	  in	  all	  cases	  impressive	  for	  a	  new	  detector.	  	  
The	  understanding	  is	  oeen	  demonstrated	  by	  showing	  
agreement	  with	  Monte	  Carlo	  simula@on	  (of	  the	  detector,	  and	  
in	  some	  cases	  also	  the	  underlying	  physics	  process)	  	  
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Electron/photons….some	  nice	  peaks…	  

10	  



….but	  how	  is	  it	  “under	  the	  hood”?	  

We	  understand	  reasonably	  well	  
even	  the	  rate	  and	  proper>es	  of	  
“junk”	  electrons…..	  
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…moving	  away	  from	  junk….	  

	  	  	  	  Select	  events	  with	  one	  EM	  cluster,	  missing	  
energy,	  and	  not	  much	  else.	  	  This	  gives	  a	  clean	  
Weν	  	  sample.	  	  See	  if	  we	  understand	  the	  
electron	  ID	  variables….	  
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Size	  of	  the	  cluster	  in	  η	


E/P	  =	  Energy	  measured	  in	  
The	  ECAL	  divided	  by	  	  
momentum	  measured	  in	  
the	  tracker	  

Φ	  of	  the	  track	  at	  the	  	  
calorimeter	  face	  minus	  
Φ	  of	  the	  cluster	  	  

BARREL	   ENDCAP	  
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Bobom	  line:	  measure	  efficiency	  of	  electron	  
iden@fica@ons	  using	  Z	  sample,	  compare	  with	  MC	  
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Tracking	  
Resonances	  seen	  as	  soon	  as	  machine	  turned	  on	  

Ω-‐	  → ΛK-‐	  

Ξ-‐	  → Λπ-‐       
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But	  let’s	  see	  how	  the	  niby	  
griby	  is	  working….	  
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•  Tracking	  efficiency	  from	  J/Psiµµ	  
reconstructed	  with	  one	  muon	  that	  does	  not	  
use	  tracker	  is	  99%	  

Tag	  
muon	  

Probe	  
muon	  

Is	  the	  track	  
reconstructed?	  

Tracker	  

Muon	  system	  

J/ψ	  

•  Momentum	  scale	  tested	  with	  resonances,	  
eg,	  KS	  	  ππ	


Agreement	  at	  the	  0.6	  per-‐mil	  level	  	  
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•  Momentum	  resolu@on	  extracted	  from	  
width	  of	  J/ψ	  peak.	  It	  is	  as	  expected	


•  Distribu@on	  of	  material	  in	  the	  tracker	  determined	  from	  
reconstructed	  photon	  conversions.	  It	  is	  as	  expected	
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Impact	  parameter	  (distance	  of	  closest	  approach	  to	  interac@on	  point)	  

pT=1	  GeV	  tracks	  

pT=3	  GeV	  tracks	  

The	  18	  peaks	  in	  the	  resolu@on	  correspond	  to	  the	  18	  cooling	  pipes	  
	  on	  the	  innermost	  detec@ng	  layer	  of	  the	  pixel	  system.	   19	  



Muons	  

Before	  collisions:	  more	  than	  1	  billion	  cosmic	  muon	  events	  where	  recorded…..	  
So	  it	  is	  perhaps	  not	  surprising	  that	  muons	  work	  preby	  well….	  	  
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I	  bet	  you	  did	  not	  know	  that	  
CMS	  has	  been	  doing	  cosmic	  	  
ray	  physics…..	  
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Muons	  are	  reconstructed	  down	  to	  very	  low	  transverse	  momentum	  (~	  1	  GeV).	  
The	  rate	  and	  composi@on	  is	  well	  understood	  
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Missing	  Energy	  

•  It	  is	  oeen	  said:	  missing	  energy	  is	  delicate,	  
takes	  a	  long	  @me	  to	  commission,	  a	  long	  @me	  
to	  eliminate	  all	  the	  spurious	  detector	  
contribu@ons	  
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Do	  we	  have	  detector	  pathologies?	  Sure!	  

16	  GeV	  of	  junk	  missing	  transverse	  energy	  
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51	  GeV	  of	  junk	  missing	  transverse	  energy	  

Things	  like	  this	  happen	  at	  the	  1e-‐4	  level	   26	  



….so,	  we	  clean	  up	  the	  mess…..	  
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Missing	  Transverse	  Energy	  (MET)	  

Three	  algorithms	  
1.  CaloMET:	  use	  calorimeter	  only	  

–  Simple,	  tried	  and	  true	  method.	  	  Not	  so	  good.	  
2.  tcMET:	  use	  tracks	  to	  correct	  calo	  informa@on	  in	  

an	  average	  way	  
–  A	  bit	  more	  sophis@cated.	  	  Much	  beber	  

3.  pfMET:	  “par@cle	  flow”,	  associate	  tracks	  to	  calo	  
deposi@ons,	  try	  to	  reconstruct	  individual	  
par@cles	  

–  Much	  more	  sophis@cated.	  	  Even	  beber	  
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How	  do	  does	  it	  work?	  

Ready	  to	  be	  used	  for	  physics	   29	  



Jets	  

•  A	  spray	  of	  ~	  collimated	  par@cles	  from	  the	  
fragmenta@on	  of	  a	  parton	  (quark	  or	  gluon)	  

•  The	  direc@on	  and	  energy	  of	  the	  jet	  is	  related	  
to	  the	  direc@on	  and	  energy	  of	  the	  original	  
parton	  (which	  is	  what	  we	  care	  about)	  

•  Two	  	  important	  issues	  
– Energy	  scale	  
– Resolu@on	  
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Energy	  Scale	  

•  Es@mated	  to	  be	  good	  
to	  ~	  5-‐10%	  from	  
understanding	  of	  
detector	  response	  to	  
single	  par@cles	  

•  Verified	  by	  studying	  
photon+jet	  events	  

•  Will	  improve….	  
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Resolu@on	  
•  Take	  ppj1	  j2	  events.	  	  	  
•  In	  a	  perfect	  world	  the	  PT	  of	  j1	  and	  j2	  are	  the	  same.	  	  
•  In	  reality	  they	  are	  not.	  	  From	  the	  PT	  unbalance,	  extract	  
the	  PT	  resolu@on.	  	  	  It	  is	  as	  expected.	  

Resolu@ons	  are	  understood	   32	  



B-‐tagging	  

Signed	  decay	  length	  of	  
secondary	  vertexes	  	  

Signed	  impact	  
parameter	  of	  
tracks	  in	  the	  jet	  

Signs	  of	  Impact	  parameter	  and	  of	  vertex	  
decay	  length	  are	  defined	  according	  to	  jet	  
direc@on	  	  

Main	  observables	  used	  to	  iden@fy	  
jets	  from	  b-‐quarks:	  
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Data/MC	  comparison	  for	  B-‐Tagging	  observables	  	  

DATA/MC	  ra@o	  is	  
close	  to	  1	  for	  all	  
observables	  

(including	  those	  
not	  shown)	  	  
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Data/MC	  comparison	  for	  Tagging	  Discriminators	  	  

Jet	  Probability	  	  
Algorithm	  

tags	  jets	  according	  to	  the	  
probability	  of	  all	  the	  tracks	  in	  
the	  jet	  to	  originate	  from	  the	  
primary	  vertex,	  given	  their	  IP	  

significances	  

Track	  Coun>ng	  Algorithm	  

tags	  jets	  containing	  N	  tracks	  
with	  Impact	  Parameter	  (IP)	  
significance	  exceeding	  S	  

High	  Purity	  configura@on:	  N=3	  

SSV	  Algorithm	  

tags	  jets	  according	  to	  the	  
3D	  flight	  distance	  
significance	  of	  the	  

reconstructed	  secondary	  
vertex	  

High	  Purity	  configura@on:	  
Ver@ces	  with	  3	  or	  more	  tracks	  

35	  



Measuring	  the	  b-‐tag	  efficiency	  
•  Select	  jets	  containing	  a	  muon	  

•  These	  are	  enriched	  in	  bµ	


•  See	  how	  oeen	  these	  jets	  are	  tagged	  by	  various	  btagging	  algorithms	  

•  Careful	  because	  actually	  only	  about	  ½	  of	  these	  jets	  are	  bµ.	  	  The	  
rest	  is	  mostly	  gluon	  jets	  with	  a	  Kµ	  decay.	  	  The	  transverse	  
momentum	  of	  the	  µ	  wrt	  to	  the	  jet	  axis	  	  can	  be	  used	  to	  measure	  the	  
b-‐frac@on	  	  
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Measuring	  the	  fake	  tagging	  probability	  
•  Probability	  of	  a	  udsg	  jet	  to	  be	  tagged	  as	  a	  b-‐jet	  
•  Extracted	  from	  tagging	  with	  nega@ve	  impact	  
parameters	  and	  nega@ve	  decay	  distances	  

•  Here	  is	  an	  example:	  
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Two b-jets candidate 

b-tagging at work 
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What	  can	  you	  expect	  to	  do	  with	  250	  nb-‐1	  

0.1	  nb	  

7	  
Te
V	  

• 	  QCD	  jets	  
• 	  bobom	  and	  charm	  
• 	  W	  and	  Z	  
• 	  a	  bit	  of	  bbar	  

Basically:	  HEP	  as	  of	  1995	  
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Jet	  physics:	  why	  should	  you	  care?	  

•  If	  you	  are	  a	  QCD	  aficionado	  
–  Test	  QCD	  to	  your	  heart’s	  content	  

•  If	  you	  are	  not	  (I	  am	  not)	  
–  Pay	  aben@on	  to	  what	  happens	  at	  high	  mass	  

•  Are	  there	  resonances?	  
•  Are	  there	  devia@ons	  from	  QCD?	  

–  eg:	  much	  like	  Rutherford’s	  experiment,	  devia@ons	  from	  theory	  at	  
high	  PT	  can	  signal	  quark	  compositeness	  

–  If	  the	  new	  physics	  couplings	  are	  like	  QCD	  color	  
couplings,	  then	  the	  effect	  are	  large	  and	  could	  be	  seen	  
fairly	  early	  on	  	  
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The	  highest	  mass	  dijet	  event	  in	  the	  first	  120	  nb-‐1	  of	  data	  
Already	  gewng	  events	  past	  the	  Tevatron	  kinema@cal	  limit	  
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Inclusive	  jet	  cross	  sec@on	  

Decent	  agreement	  with	  QCD	  over	  8	  orders	  of	  magnitude	  
Contact	  term	  excluded	  with	  Λ>1.9	  TeV	  	  (Tevatron	  excludes	  Λ>2.8	  TeV)	   43	  



Dijet	  mass	  
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For	  QCD	  aficionados	  only	  
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etc.	  etc.	  etc.	  



Bobom	  and	  charm	  physics:	  why	  should	  you	  care	  

•  If	  you	  are	  a	  QCD	  aficionado	  
– Even	  more	  test	  of	  QCD:	  cross-‐sec@ons,	  polariza@on,	  etc	  

•  If	  you	  are	  a	  B-‐physics	  aficionado	  (I	  used	  to	  be	  one)	  
– Can	  do	  some	  cool	  measurements	  that	  cannot	  be	  done	  at	  
B-‐factories	  
•  eg:	  anything	  involving	  Bs	  and	  b-‐baryons	  	  

•  In	  addi@on:	  commission	  and	  exercise	  tools	  that	  we	  
need	  for	  high	  PT	  physics	  

•  eg:	  b-‐tagging	  
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Inclusive	  b-‐cross	  sec@on	  

Checkered	  history	  at	  the	  TeV.	  	  Was	  quite	  a	  bit	  off,	  then	  both	  exp	  and	  theo	  moved	  
to	  bring	  into	  agreement.	  	  How	  does	  it	  work	  at	  the	  LHC?	  

Reasonable	  agreement	  with	  NLO	  but	  discrepancy	  in η and	  PT	  



J/Ψµµ	
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Lots	  of	  events	  (17K)	  
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Use	  the	  distance	  from	  the	  interac@on	  point	  to	  	  
measure	  the	  differen@al	  cross-‐sec@on	  for	  prompt	  and	  BJ/Ψ	




Y(1S,2S,3S)	  	  µµ	
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Wµν	  and	  Zµµ	
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MT	  =	  “transverse	  mass”	  =	  (pseudo)	  invariant	  mass	  computed	  
from	  muon	  (ignoring	  longitudinal	  component)	  and	  neutrino	  	  
transverse	  momentum	  inferred	  from	  the	  MET.	  	  	  

Nw=818±27	   NZ=77	  



Weν	  and	  Zee	  
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Nw=800±30	  

NZ=61	  
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Top-‐an@top	  
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Dilepton	  channel:	  
• 	  two	  leptons	  
• 	  MET	  
• 	  (ideally)	  two	  b-‐jets	  

Lepton	  +	  jets	  channel	  
• 	  one	  lepton	  
• 	  MET	  
• 	  (ideally)	  two	  b-‐jets	  
• 	  (ideally)	  two	  light	  quark	  jets	  



Lepton	  +	  jets	  sample:	  compare	  with	  MC	  

58	  

hmmm….we	  may	  not	  trust	  the	  MC	  much,	  but	  looks	  sugges@ve…...	  



Now	  ask	  for	  btags….	  

59	  

Comparison	  with	  “out-‐of-‐the-‐box”	  Monte	  Carlo.	  
Not	  quan@ta@ve	  yet,	  but	  looks	  like	  we	  are	  star@ng	  to	  see	  top.	  	  



Dilepton	  channel	  
•  One	  an	  only	  one	  event	  with	  two	  isolated	  high	  PT	  leptons	  and	  MET.	  	  

This	  event	  has	  two	  jets.	  

•  Both	  (!)	  jets	  are	  btagged.	  
•  It	  is	  a	  golden	  top	  candidate	  

60	  



61	  



62	  

Outline	  

•  LHC	  opera@on	  
•  Selected	  results	  from	  ICHEP	  

– High	  Level	  Detector	  Performance	  

– Some	  early	  physics	  results	  
– Early	  studies	  focussed	  towards	  prepara@ons	  for	  
searches	  



Searches.	  	  General	  statements	  

•  I	  just	  showed	  you	  how	  well	  our	  MC	  reproduces	  all	  sorts	  of	  distribu@ons	  
•  However:	  to	  claim	  a	  signal	  for	  New	  Physics	  we	  want	  to	  go	  beyond	  saying:	  

“we	  see	  N	  events	  with	  such	  and	  such	  proper@es,	  our	  SM	  Monte	  Carlo	  
predicts	  that	  we	  should	  show	  many	  fewer	  such	  events,	  therefore	  we	  have	  
seen	  New	  Physics”	  
–  Unless	  it	  is	  something	  “obvious”	  like	  a	  mass	  peak	  

•  We	  want	  to	  develop	  “data-‐driven”	  techniques	  to	  predict	  SM	  background	  
with	  minimal	  reliance	  on	  Monte	  Carlo	  and	  theory	  

•  A	  lot	  of	  preparatory	  work	  has	  been	  done	  over	  the	  last	  years	  
•  Now	  we	  can	  test	  some	  of	  these	  techniques	  on	  real	  data.	  

•  Because	  of	  the	  low	  luminosity	  these	  tests	  are	  in	  kinema@cal	  regions	  where	  
we	  do	  not	  expect	  any	  new	  physics.	  	  	  
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Signals	  with	  MET	  

•  Because	  of	  dark	  maber,	  searches	  for	  events	  with	  MET	  
are	  par@cularly	  well	  mo@vated	  

•  Many	  flavors	  
–  Jets	  +	  MET	  
–  Photon(s)	  +	  MET	  
–  Photon(s)	  +	  jets	  +	  MET	  
–  (1,2,3)	  lepton(s)	  +	  jets	  +	  MET	  
–  Z	  +	  jets	  +	  MET	  
–  Etc	  

•  Generally,	  SM	  produces	  no	  real	  MET	  (or	  less	  real	  MET).	  	  
Can	  we	  predict	  the	  MET	  distribu@on	  of	  the	  SM	  
background?	  

64	  



One	  example	  
•  Could	  have	  Z	  +	  jets	  +	  MET	  

•  Use	  ppjets	  to	  parametrize	  MET	  distribu@on	  as	  a	  func@on	  of	  
jet	  ac@vity	  in	  a	  Z	  event	  

•  Test	  this	  idea	  on	  γ+jets+MET…seem	  to	  work	  for	  now	  
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Another	  example	  
•  Could	  have	  γγ	  +	  MET	  

•  Major	  BG	  is	  jet-‐jet	  +	  fake	  MET	  

•  Measure	  MET	  in	  control	  sample	  with	  2	  fake	  photons	  selected	  by	  inver@ng	  some	  γ	  ID	  
requirement	  

•  Can	  we	  use	  the	  MET	  in	  the	  control	  sample	  to	  predict	  the	  BG?	  
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 	  Predic>on	  consistent	  with	  number	  
	  of	  observed	  events,	  	  

	  	  	  	  	  For	  MET	  >	  20	  GeV:	  
	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  Predicted	  =	  4.2	  ±	  1.5	  	  	  	  	  	  	  	  	  	  	  
	  	   	   	  	  Observed	  =	  4	  events	  



Fake	  leptons	  
•  Fake	  leptons	  or	  leptons	  from	  bobom	  decays	  are	  a	  major	  source	  of	  BG	  

in	  searches	  for	  SUSY	  in	  final	  states	  with	  same-‐sign	  isolated	  dileptons	  

•  Can	  we	  use	  the	  probability	  for	  a	  lousy	  (background)	  lepton	  candidate	  
to	  pass	  the	  @ght	  analysis	  cuts	  to	  predict	  the	  BG?	  

•  Test	  this	  idea	  by	  trying	  to	  predict	  the	  rate	  of	  same	  sign	  dileptons	  
(PT>10	  GeV)	  in	  data	  
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Predict	  ~	  0.8	  events,	  see	  1	  
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 	  A	  powerful	  variable	  for	  suppressing	  mis-‐measured	  QCD	  

 	  Well	  measured	  back-‐to-‐back	  di-‐jet	  system	  αT	  ≈0.5,	  if	  one	  
	  jet	  is	  mis-‐measured	  αT	  <0.5	  

√s=10	  TeV	  MC	  

 	  The	  data	  shows	  the	  expected	  sharp	  fall	  around	  αT	  ~	  0.5,	  improves	  for	  higher	  HT	  

2	  Jets	  
HT	  [80,120]	  

2	  Jets	  
HT	  >120	  GeV	  

SUSY	  

Study	  frac>on	  of	  events	  with	  αT	  >0.55	  

HT	  =Sum{pT(jets)}	  

Two	  jets	  +	  MET	  search	  



Conclusion	  

•  CMS	  is	  working	  well	  
•  We	  need	  luminosity…	  

– More	  energy	  would	  be	  good	  too,	  but	  for	  that	  we	  
have	  to	  wait	  a	  couple	  more	  years	  
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