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CMS	  Design	  features	  

Detectors 

Event Rates:  ~109 Hz 
Event size:  ~1 MByte 
Level-1 Output  ~100kHz 
Mass storage  ~102Hz 
Event Selection:  ~1/1013 

CMS	  design	  choice:	  op6mize	  performance	  for	  muon	  /	  
track	  momentum	  resolu6on	  (and	  
electromagne6c	  energy	  resolu6on)	  
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CMS Tracker
Measuring	  tracks	  in	  CMS	  
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3.8 T

pT resolution @ 1 GeV/c is: 
0.7% at η = 0 and 

2% at |η| = 2.5

“CMS Tracking Performance Results from early LHC 
Operation”, [Eur. Phys. J. C70 (2010) 1165–1192]

Beam Scintillator Counters (BSC)  96.3% efficiency for 
MIPs and time resolution of 3 ns.

Beam Pick-up Timing for eXperiments (BPTX) 
time resolution better than 0.2 ns.



RADIATION,	  SPECTATORS…	  
not	  enough	  to	  account	  for	  
the	  observed	  mul6plici6es	  
&	  pT	  spectra	  

The	  Pythia	  solu6on:	  	  
[T.	  Sjöstrand	  et	  al.	  PRD	  36	  (1987)	  2019]	  
Mul6ple	  Parton	  Interac6ons	  (MPI)	  

(now	  available	  in	  other	  general	  purpose	  MCs:	  
Herwig/Jimmy,	  Sherpa,	  etc.)	  	  

Inspired	  by	  observa/ons	  of	  
double	  high	  PT	  sca8erings	  

Main	  Parameter:	  PT	  cut-‐off	  PT0	  

  Cross	  Sec6on	  Regulariza6on	  for	  PT	  0.	  
 	  PT0	  can	  be	  interpreted	  as	  inverse	  of	  effec6ve	  colour	  screening	  length.	  
 	  Controls	  the	  number	  of	  interac6ons	  hence	  the	  Mul6plicity:	  

Tuning	  for	  the	  LHC:	  Emphasis	  on	  the	  Energy-‐dependence	  of	  the	  parameters.	  



(dampening)

PT0s’	  =	  PT0s	  (√s’	  /	  √s)ε

6/12/12 P.Bartalini - NTU 4



Pythia	  Tunes	  in	  CMS	  

DW,	  Z1,	  Z2 	   	   	   	   	   	   	   large	  ε ≈	  0.24	  -‐	  0.30	  (CTEQ5L,	  CTEQ6LL	  for	  Z2)	  
T	  versions	  (for	  example	  D6T)	  2C,	  4C,	  Z2*	  	  	  small	  ε	  ≈	  0.16	  -‐	  0.21	  (CTEQ6LL)	  

pT0LHC	  =	  pT0Tevatron	  (√sLHC	  /	  √sTevatron)ε	   Where	  ε = PARP(90)	  or	  Mul/pleInterac/ons:EcmPow	  	


–  Pythia	  6	  Virtuality	  ordered	  showers,	  old	  MPIs	  
•  CTEQ5L	  pre-‐LHC	  Tune	  DW(T)	  
•  CTEQ6LL	  pre-‐LHC	  Tune	  D6(T)	  
[arXiv:1003.4220]	  
•  Describe	  UE	  and	  other	  very	  important	  observables	  at	  Tevatron	  like	  pT(heavy	  bosons)	  
and	  Jet	  azimuthal	  decorrela6on	  

–  Pythia	  6	  new	  MPIs	  with	  interleaved	  pT-‐ordered	  showers	  (MORE	  RADIATION,	  LESS	  MPIs)	  
•  CTEQ5L	  LHC	  	  Tune	  Z1	  uses	  Professor	  AMBT1	  LEP	  fragm.	  &	  ATLAS	  Min	  Bias:	  Updated	  Color	  Rec.	  
•  CTEQ6LL	  LHC	  	  Tune	  Z2	  inherits	  MPI	  parameters	  from	  Z1	  	  retuned	  in	  Z2*	  
[arXiv:1012.5104,	  arXiv:1010.3558v1]	  

–  Pythia	  8,	  brand	  new	  MPI	  model,	  inteleaved	  pT-‐ordered	  showers	  
•  CTEQ6LL	  Tevatron	  Tune	  2C	  describes	  the	  relevant	  Tevatron	  phenomenology	  	  
•  CTEQ6LL	  LHC	  Tune	  4C	  describes	  ATLAS	  MB	  &	  UE	  (leading	  track)	  
[arXiv:1011.1759]	  

Still no coherent description of Tevatron and LHC
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PRE-‐LHC	  

POST-‐LHC	  



QCD-‐10-‐001:	  “First	  Measurement	  of	  the	  Underlying	  Event	  Ac/vity	  at	  the	  LHC	  with	  √s	  =	  0.9	  TeV”.	  
Eur.	  Phys.	  J.	  C	  70	  (2010)	  555-‐572.	  

QCD-‐10-‐010:	  “Measurement	  of	  the	  Underlying	  Event	  Ac/vity	  at	  the	  LHC	  with	  √s	  =	  7	  TeV	  and	  Comparison	  with	  √s	  =	  0.9	  
TeV”.	  JHEP	  1109,	  109	  (2011).	  

QCD-‐10-‐021:	  “Measurement	  of	  the	  Underlying	  Event	  Ac/vity	  with	  the	  Jet	  Area/Median	  Approach	  at	  7	  TeV	  and	  
comparison	  to	  0.9	  TeV”.	  CERN-‐PH-‐EP-‐2012-‐152,	  submi8ed	  to	  JHEP.	  

QCD-‐11-‐012:	  “Measurement	  of	  the	  Underlying	  Event	  Ac/vity	  in	  the	  Drell-‐Yan	  process	  in	  proton-‐proton	  collisions	  at	  √s	  =	  7	  
TeV”.	  CERN-‐PH-‐EP-‐2012-‐085,	  arXiv:1204.1411v1,	  submi8ed	  to	  Eur.	  Phys.	  J.	  C.	  

FWD-‐10-‐008:	  “Forward	  Energy	  Flow,	  Central	  Charged-‐Par/cle	  Mul/plici/es,	  and	  Pseudorapidity	  Gaps	  in	  W	  and	  Z	  Boson	  
Events	  from	  pp	  Collisions	  at	  7	  TeV.	  ”.	  Eur.Phys.J.	  C72	  (2012)	  1839.	  

FWD-‐10-‐011:	  “Measurement	  of	  energy	  flow	  at	  large	  pseudorapidi/es	  in	  pp	  collisions	  at	  √s	  =	  0.9	  and	  7	  TeV”.	  
JHEP	  1111	  (2011)	  148,	  Erratum-‐ibid.	  1202	  (2012)	  055.	  

FWD-‐11-‐003:	  “Study	  of	  the	  Underlying	  Event	  at	  Forward	  Rapidity	  in	  Proton-‐Proton	  Collisions	  at	  the	  LHC”.	  CDS	  
Record:	  1434458.	  

…	  

QCD-‐	  (or	  FWD-‐)	  XX-‐YYY:	  ….	  	  

Underlying	  Event	  measurements	  @	  CMS	  
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“There	  would	  not	  be	  a	  vertex	  in	  H	  	  γγ events	  without	  the	  Underlying	  Event…”	  
Actually	  UE	  is	  interes=ng	  per	  se!	  Handle	  on	  so@	  MPI.	




UE	  in	  Jets:	  Densi6es	  in	  the	  Transverse	  Region	  
7	  TeV	  and	  0.9	  TeV	  results	  for	  the	  reference	  charged	  mul6plicity	  density	  profiles	  including	  Z1	  
(solid)	  and	  4C	  (dashed)	  MC	  predic6ons.	  

d2Νch/dηdφ
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Fast	  rise	  for	  pT	  <	  8	  GeV/c	  (4	  GeV/c),	  amributed	  mainly	  to	  the	  increase	  of	  MPI	  ac/vity,	  followed	  by	  a	  
Plateau-‐like	  region	  with	  ≈	  constant	  average	  number	  of	  selected	  par6cles	  in	  a	  satura/on	  regime.	  
A	  factor	  2	  UE	  increase	  going	  from	  0.9	  TeV	  to	  7	  TeV	  to	  be	  compared	  with	  1.66	  for	  MB.	  
Nota	  bene:	  corrected	  distribu=ons!	  

Stat. (inner) &
total uncertainty

Stat. 
dominating
at high pT

Leading track-jet 

d2Νch/dηdφ vs pT (7 TeV) 
d2Νch/dηdφ vs pT (0.9 TeV) 

<Nch> ratio from 
Phys.	  Rev.	  Le8.	  105	  (2010)	  022002	  (NSD)	  

Leading track-jet 

[QCD-‐10-‐001,	  QCD-‐10-‐010]	  

See	  interpreta6on	  of	  M.Strikman	  et	  al.	  Phys.	  Rev.	  D83	  (2011)	  054012	  
more	  details	  in	  back-‐up	  slides	  
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MC/DATA:	  7	  TeV.	  pT	  track-‐jet	  >	  20	  GeV	  

UE in Jets: √s = 7 TeV. Nch, Σ(pT) and pT in Transverse Region 

pT	  track-‐jet	  >	  20	  GeV	  (UNIVERSAL!)	  vs	  pT	  track-‐jet	  >	  3	  GeV	  (RISE)	  	  	  

HARD!

[QCD-‐10-‐001,	  QCD-‐10-‐010]	  



UE	  ac6vity	  in	  Drell-‐Yan	  events	  (µµ)	  
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UE	  ac6vity	  in	  Drell-‐Yan	  events	  (µµ)	  
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Transverse
81 GeV < Mµµ < 101 GeV

TransverseUE in jets	  



MPI	  vs	  Generalized	  Parton	  Distribu6ons	  
“Transverse	  nucleon	  structure	  and	  diagnos2cs	  of	  hard	  parton-‐parton	  processes	  at	  LHC”.	  	  
[M.Strikman	  @	  Northwest	  Terascale	  w/s	  and	  Phys.	  Rev.	  D83	  (2011)	  054012]	  

Also	  explains	  general	  features	  
of	  UE	  @	  hadron	  colliders	  

<ρ2>g	  	  <	  <ρ2>q	  explains	  	  
UE	  in	  DY	  <	  UE	  in	  Jets	  

<ρ2>g	  from	  analysis	  
of	  GPDs	  from	  J/ψ	  
photo	  produc/on	  



Based	  on	  the	  paper:	  “On	  the	  characteriza6on	  of	  the	  underlying	  event”;	  JHEP04(2010)065;	  M.	  
Cacciari,	  G.	  Salam,	  S.	  Sapeta.	  
The	  underlying	  event	  ac6vity	  is	  given	  by	  ρ=median{pT/A}.	  (less	  sensi6ve	  to	  outliers!)	  
To	  es6mate	  the	  jet	  area	  η-φ cells	  are	  filled	  by	  ghost	  deposits	  of	  O(10-‐100	  GeV).	  
FastJet	  [arXiv:hep-‐ph/0512210]	  essen6al	  to	  speed	  up	  the	  calcula6on.	  
0.9	  TeV:	  ghost	  jets	  dominate	  the	  median!!!	  	  
CMS	  Adjusted	  observable	  for	  low	  occupancy:	  

kT jets
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A	  new	  approach	  to	  UE:	  Jet	  Area/Median	  

Clear	  sensi/vity	  to	  the	  
differences	  between	  the	  
Models	  /	  Tunes	  

Tracks: pT > 0.3 GeV 

|η| < 2.3 

[QCD-‐10-‐021]	  
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The	  energy	  evolu6on	  of	  the	  new	  Underlying	  Event	  observables	  shows	  similar	  qualita6ve	  features	  
with	  respect	  to	  the	  tradi6onal	  approaches	  used	  to	  quote	  the	  UE	  ac6vity	  (i.e.	  charged	  mul6plicity	  
and	  charged	  transverse	  momentum	  densi6es).	  	  

A	  new	  approach	  to	  UE:	  Jet	  Area/Median	  

√s	  =	  0.9	  TeV √s	  =	  7	  TeV



  Measurement	  relies	  on	  the	  energy	  flow	  in	  the	  Hadron	  Forward	  
Calorimeter	  (3.15	  <	  η	  <	  4.9)	  in	  the	  presence	  of	  events	  “triggered”	  by	  a	  
more	  central	  ac6vity	  (Minimum	  Bias,	  di-‐Jets)	  
Test	  of	  central-‐forward	  correla6ons	  
 	  Corrected	  data	  

 	  Distribu6ons	  studied:	  

 	  Two	  different	  √s	  included:	  0.9	  and	  7	  TeV	  
	  Defini6on	  of	  di-‐Jet	  samples:	  |η|	  <	  2.5,|Δφjet1,jet2	  -‐	  π|	  <	  1	  

 	  pT	  Calo	  Jet	  >	  8	  GeV	  at	  	  0.9	  TeV	  	  
 	  pT	  Calo	  Jet	  >20	  GeV	  at	  7	  TeV	  
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Energy	  flow	  in	  the	  forward	  region	  

MB	  event	  selec/on:	  At	  least	  one	  charged	  par/cle	  
in	  both	  the	  	  forward	  and	  the	  backward	  regions.	  
(Single	  Diffrac/ves	  events	  suppressed)	  

[FWD-‐10-‐011]	  
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Energy	  flow	  increases	  with	  the	  scale	  (MB	  vs	  di-‐jet)	  &	  √s:	  	  
	  Effect	  amributed	  mainly	  to	  MPI.	  
Pamern	  very	  similar	  with	  respect	  to	  the	  tradi6onal	  UE	  measurement	  from	  both	  a	  quan6ta6ve	  
and	  a	  qualita6ve	  point	  of	  view.	  
Energy	  flow	  also	  increases	  with	  η	  (close	  to	  beam	  remnant)	  

Cascade	  	  
Kt-‐factoriza/on	  
based	  MC,	  	  
no	  MPI.	  

Compared	  to	  
the	  tradi/onal	  

UE	  
measurements,	  
we	  draw	  slightly	  

different	  
conclusions	  for	  
what	  concerns	  
the	  agreement	  
of	  the	  MC	  

models	  &	  tunes	  

Energy	  flow	  in	  the	  forward	  region	  



√s = 0.9 TeV √s = 2.76 TeV √s = 7 TeV

Energy deposited in CASTOR (5.2 < |η| < 6.6) for events with a charged particle 
jet in the central pseudorapidity region |ηjet| < 2, as a function of charged 

particle jet transverse momentum pT  (normalized to the average energy in inclusive events)

 pT evolution of observable changes trend with √s (decreasing at low √s, increasing at high √s)
 Post LHC models adopting pT-ordered showers are favored by data (agreement within 5-10%)
 Good agreement also for EPOS 1.99, QGSJET01, QGSJETII-03, SIBYLL 2.1 (within 20%)
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Energy	  flow	  in	  the	  VERY	  forward	  region	  



•  Jets:	  Tradi/onal	  UE	  study	  in	  the	  central	  pseudorapidity	  region	  relying	  on	  tracks	  	  
–  Increase	  of	  the	  ac/vi/es	  with	  the	  scale	  of	  the	  interac/ons	  and	  with	  √s	  

corroborates	  MPIs,	  which	  saturate	  at	  a	  modest	  energy	  scale.	  
•  UE	  in	  di-‐jet	  events	  is	  ≈	  universal.	  

•  Jets:	  First	  measurement	  of	  the	  UE	  with	  Jet	  Area/Median	  approach.	  
–  Original	  methodology	  developed	  to	  handle	  events	  with	  low	  par/cle	  

mul/plicity.	  	  
•  MB/Jets:	  energy	  flow	  studies	  on	  the	  forward	  and	  very	  forward	  regions	  relying	  on	  

the	  Hadron	  Forward	  and	  on	  the	  CASTOR	  calorimeters.	  
–  Enhanced	  sensi/veness	  to	  the	  beam	  remnant	  component	  of	  the	  UE.	  
–  Challenging	  test	  of	  pp	  general	  purpose	  and	  cosmic	  rays	  MC	  models.	  Good	  

performances	  of	  pT-‐ordered	  showers.	  
•  Drell-‐Yan:	  first	  	  measurement	  of	  the	  Underlying	  Event	  at	  the	  LHC	  with	  √s	  =	  7	  TeV.	  

–  MPI	  saturated.	  Radia/ve	  increases	  of	  UE	  ac/vity	  with	  pT	  di-‐lepton.	  Constant	  
vs	  Mdi-‐lepton.	  Min	  ac/vity	  around	  80%	  with	  respect	  to	  the	  plateau	  in	  jet	  events.	  

•  UE	  in	  Drell-‐Yan	  w.r.t.	  Jet	  	  Interpreta/on	  in	  the	  context	  of	  the	  GPDF.	  

[QCD-‐10-‐001,	  QCD-‐10-‐010,	  QCD-‐10-‐005,	  etc.]	  

Underlying	  Event	  measurements	  @	  CMS	  



•  BACKUP	  

Focusing	  on	  the	  forthcoming	  Mul2ple	  Parton	  Interac2ons	  measurements	  at	  high	  pT	  	  
i.e.	  on	  the	  Double	  Parton	  ScaDering	  



•  Charged	  mul6plicity	  measurements:	  
–  CMS	  confirms	  large	  mul6plicity	  tails	  and	  KNO	  viola6on	  more	  pronounced	  at	  high	  

energies.	  
 On	  the	  other	  hand	  MPI	  models	  have	  been	  invented	  to	  describe	  large	  mul6plicity	  tails	  

and	  KNO	  viola6on	  at	  SPS.	  

•  UE	  Measurements	  in	  Jets:	  	  
–  Steep	  rise	  followed	  by	  plateau.	  Indica6on	  of	  two	  different	  regimes	  (two	  scale	  picture).	  

MPI	  rise	  dominates	  at	  low	  pT,	  radia6on	  rise	  dominates	  at	  higher	  pT.	  
	  UE	  in	  di-‐jet	  events	  is	  ≈	  universal.	  

•  UE	  Measurements	  in	  Drell-‐Yan:	  
–  MPI	  saturated.	  	  Radia6ve	  increases	  of	  UE	  ac6vity	  with	  pT	  di-‐lepton.	  	  
–  Constant	  vs	  Mdi-‐lepton.	  	  
	  Min	  ac6vity	  around	  70%	  with	  respect	  to	  the	  plateau	  in	  jet	  events.	  

•  Evidence	  of	  MPI	  effects	  provided	  also	  in	  terms	  of	  Forward-‐Central	  correla6ons.	  

•  MPI	  play	  a	  major	  role	  in	  the	  “ridge”	  effect	  at	  the	  LHC.	  

(So|)	  Mul/ple	  Parton	  Intrac/ons	  highlights	  @	  LHC	  
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‣	  	  	  σ(A+B)	  =	  m	  *	  σ(A)	  *	  σ(B)	  /	  σeff	  	  	  	  	  (m	  =	  ½	  for	  iden6cal	  interac6ons,	  m	  =	  1	  otherwise)	  	  

-‐	   σeff	  ≈	  (process,)	  scale	  and	  √s	  independent	    	  

‣	  For	  A	  =	  B,	  σeff	  related	  to	  the	  momenta	  of	  the	  “hard”	  collisions’	  mul6plicity:	  

‣	  σeff	  (Tevatron)	  ≈	  11	  mb	  [Treleani	  et	  al.,	  PRD76:076006,2007]	  from	  CDF	  3jet+γ.	  

‣	  Pythia:	  σeff	  =	  σNon-‐Diffrac6ve	  /	  <fimpact>	  
	  •	  where	  fimpact	  is	  tune	  dependent	  	  	  σeff	  (Tevatron)	  ≈	  20÷30	  mb	  

•  DPS	  Strongly	  underes/mated	  in	  the	  models?	  Can	  DPS	  be	  measured	  at	  the	  LHC	  ?	  	  

•  What	  are	  the	  rela/onships	  beween	  “so|”	  and	  “hard”	  MPI	  measurements?	  

•  Which	  are	  the	  impacts	  on	  LHC	  searches?	  Par/cularly	  relevant	  for	  the	  mul/	  �-‐1	  analyses	  	  	  

MPI:	  from	  “so�”	  to	  “hard”	  

[D.Treleani	  et	  al.	  rich	  bibliography]	  
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P(B|A)	  =	  P(B)	  *	  (σinel/σeff)	  



DPS	  /	  MPI	  studies	  in	  CMS:	  Target	  4th	  MPI	  w/s	  (fall	  2012)	  

 	  DPS	  in	  3	  jet	  + γ events	  at	  7	  TeV.	  	  

 	  DPS	  in	  2-‐b-‐jets	  +	  2-‐jets.	  

 	  DPS	  in	  Z	  +	  di-‐jet	  events.	  	  

 	  DPS	  in	  W	  +	  di-‐jet	  events.	  	  

 	  Same	  sign	  W	  produc6on.	  

 	  Double	  J/Ψ	  produc6on.	  

 	  Double	  Y.	  

 	  Rapidity	  gap	  suppression…	  
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pT(jet 1)	

pT(jet 2)	


pT(jet 4)	


pT(jet 3)	


Disentangle	  double-‐parton-‐scamering	  from	  bremsstrahlung	  

•  No correlation (DPS) vs Strong correlation (SPS)	

Define different correlation angles between jet pairs:	


AFS solution:	

•  Study Δφ between pT1 - pT2 and pT3 - pT4	


CDF solution:	

•  Study Δφ between pT1 + pT2 and pT3 + pT4                (CDF nomenclature: ΔS)	


pT(jet j)	


pT(jet i)	

pT(jet l)	


pT(jet k)	


Double	  Parton	  Scamering	  in	  4	  “objects”	  topologies 
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Measurement	  of	  DPS	  @	  Tevatron	  (3jet	  +	  γ)	  

Double	  high	  PT	  interac6ons	  observed	  by	  	  
AFS,	  UA2,	  CDF,	  D0!!!	  

σeff ~ 14 mb 

DPS	  

[CDF Collab, Phys. Rev. Lett. 79, 584 (1997)]"

σeff ~ 16 mb [D0	  collabora6on	  Phys.Rev.	  D81	  (2010)	  052012]	  
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W	  	  lν	  +	  2	  jets	  

24	  

direct	   double	  parton	  interac=on	  

-‐  measure	  frac6on	  of	  W0	  +	  2jDPI	  in	  the	  W+2jet	  sample	  (fRDP)	  
-‐  use	  difference	  in	  kinema6cs	  (pT,	  …)	  

-  σeff	   W	  selec/on	  
Single	  lepton	  trigger	  
1	  lepton	  (e,	  μ)	  pT	  >	  20	  GeV,	  η	  <	  2.5	  
MET	  >	  25	  GeV,	  mT	  >	  40	  GeV	  
2	  jets,	  pT	  >	  20	  GeV,	  |y|	  <	  2.8	  

Jet	  selec/on	  
(Minimum	  bias	  trigger	  used	  to	  
measure	  di-‐jet	  x-‐sec6on	  alone)	  
2	  jets,	  pT	  >	  20	  GeV,	  |y|	  <	  2.8	  

ATLAS	  Collabora6on	  DESY	  3rd	  MPI	  w/s,	  November	  2011	  

Slide	  from	  
[T.	  Hreus,	  EDS	  Blois	  Workshop,	  Vietnam,	  

15-‐21	  Dec	  2011]	  

ATLAS-‐CONF-‐2011-‐160	  



W	  	  lν	  +	  2	  jets	  :	  DPS	  Rate	  

25	  

-‐  Extrac6on	  of	  fRDP	  using	  fit	  to	  data	  with	  two	  templates	  
-‐  Template	  A	  (non	  DPS	  sample):	  both	  jets	  originate	  from	  the	  primary	  scamer	  
-‐  Template	  B	  (a	  DPS	  sample)	  	  	  	  :	  both	  jets	  originate	  from	  the	  DPS	  scamer	  

ATLAS	  Collabora6on	  DESY	  3rd	  MPI	  w/s,	  November	  2011	  

Slide	  from	  
[T.	  Hreus,	  EDS	  Blois	  Workshop,	  Vietnam,	  

15-‐21	  Dec	  2011]	  

ATLAS-‐CONF-‐2011-‐160	  



Double	  J/ψ	  Produc/on	  

26	  

Corrected	  event	  yield:	  	  N	  =	  672	  ±	  129	  

Predic6on	  of	  σJ/ψJ/ψ includes	  direct	  produc6on	  	  
and	  freed	  down	  from	  ψ(2S),	  but	  no	  DPS	  	  
Measured	  cross-‐sec6on	  (6σ excess):	  

	
σJ/ψJ/ψ	  =	  5.1	  +-‐	  1.0	  (stat)	  +-‐	  1.1	  (syst)	  nb	  
reasonable	  agreement	  between	  data	  and	  theory	  (within	  uncertain6es)	  
	  contribu=on	  from	  DPS?	  

[arXiv	  1109.0963	  [hep-‐ex]]	  

J/ψ candidates	  ordered	  with	  increasing	  pT.	  	  
Fit:	  double-‐sided	  Crystal	  Ball	  func=on	  

LHCb	  Collabora6on	  DESY	  3rd	  MPI	  w/s,	  November	  2011	  

Slide	  from	  
[T.	  Hreus,	  EDS	  Blois	  Workshop,	  Vietnam,	  

15-‐21	  Dec	  2011]	  



	  	  	  	  	  	  pp	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  PbPb,	  50	  -‐	  100%	  	  	  	  	  	  	  	  	  PbPb	  0	  -‐	  10%	  

•  Dijets,	  calorimeters	  only	  
–  Leading	  pT>120	  GeV/c	  

–  Sub-‐leading	  pT>50	  GeV/c	  

pT	  imbalance,	  
increasing	  with	  
centrality	  	  

Back-‐to-‐back	  Δφ∼π	  
for	  all	  centrali6es	  

pp!

pp!
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HI:	  Jet	  quenching	  via	  large	  dijet	  energy	  imbalance	  &	  DPS!	  

Double	  Parton	  Sca8ering!	  

[HIN-‐10-‐004]	  

arXiv:1102.1957	  	  
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•  FWD	  /	  BACKUP	  



Energy	  flow	  in	  W	  (and	  Z)	  events	  

W	  selected	  requiring	  leptonic	  decays:	  	  
pT(l)	  >	  25	  GeV,	  Missing	  Energy	  ET>	  30	  GeV,	  Minv(l,ET)	  >	  60	  GeV.	  
Inves6ga6ng	  both	  central	  tracks	  and	  forward	  energy.	  
Conclusions	  similar	  for	  Z	  events.	  
Further	  studies	  selec6ng	  events	  with	  Large	  Rapidity	  Gaps	  (not	  shown	  here)	  
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