


Jet	  physics	  at	  LHC �
s  Jet:	  an	  ideal	  probe	  for	  the	  precision	  

measurements	  of	  hot	  and	  dense	  medium	  
originated	  from	  known	  interaction	  (=	  hard	  
scattering).	  

s  At	  LHC:	  
1.  High	  statistics	  jet	  data.	  
2.  Variety	  of	  probes	  associated	  jets.	  

s  interacting/	  non-‐interacting	  with	  medium.	  
s  single	  jets,	  di-‐jets,	  three-‐jets,	  γ-‐jet,	  Z-‐jet	  

3.  “Control”	  experiment.	  
s  e.g.	  path	  length	  (or	  hard	  scattering	  point)	  

4.  Jet-‐medium	  “response”.	  
s  jets	  strongly	  interact	  with	  medium.	  
	  	  à	  modification	  of	  QGP	  itself	  (?),	  fate	  of	  lost	  
energy.	  
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Pb-‐Pb	  jet	  spectrum	  (charged)�
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Strong	  jet	  suppression	  observed	  for	  jets	  reconstructed	  with	  charged	  particles	  
–	  RAA	  (jet)	  is	  smaller	  than	  inclusive	  hadron	  RAA(h±)	  at	  similar	  parton	  pT	  
–	  data	  are	  reasonably	  well	  described	  by	  JEWEL	  model	  	  
K.Zapp,	  I.Krauss,	  U.Wiedemann,	  arXiv:1111.6838	  
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Ratio	  of	  charged	  jet	  cross	  section	  
R=0.2	  /	  R=0.3	  (Pb-‐Pb)�
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Jet	  Rcp	  (R=X	  /	  R=0.2)	  in	  
ATLAS �

s  Up	  to	  200	  GeV,	  in	  R=	  0.2,	  0.3,	  0.4,	  0.5	  

s  Consistent	  with	  ALICE	  results	  for	  R=0.3.	  	  
s  (plotted	  oppositely	  for	  vertical	  axis	  .)	  
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p/π	  ratio	  in	  Bulk	  and	  Jet	  region�
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p/π	  ratio	  in	  Bulk	  region�

s  Comparison	  with	  feed-‐down	  corrected	  p/π	  ratio,	  from	  
inclusive	  spectra	  (0-‐5%)	  .	  

s  Good	  agreement	  with	  “Bulk”	  and	  inclusive.	  
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p/π	  ratio	  in	  Bulk	  and	  Jet	  region�

s  p/π	  in	  bulk	  is	  much	  larger	  than	  that	  in	  jet	  region.	  

s  p/π	  in	  jet	  region	  is	  similar	  as	  that	  from	  PYTHIA	  (6.4).	  

s  No	  indication	  of	  medium	  modification	  of	  the	  particles	  of	  jets	  in	  the	  
intermediate	  pT	  region.� 2012/09/25�Phenomenology	  and	  Experiments	  at	  RHIC	  and	  LHC,	  Nagoya	  Univ.	  (Japan),	  T.	  Chujo	  (Univ.	  of	  Tsukuba) �



2012/09/25�Phenomenology	  and	  Experiments	  at	  RHIC	  and	  LHC,	  Nagoya	  Univ.	  (Japan),	  T.	  Chujo	  (Univ.	  of	  Tsukuba) �



AJ:	  di-‐jet	  asymmetry	  

ATLAS R=0.4 CMS R=0.5 

AJ =
pT ,1 − pT ,2
pT ,1 + pT ,2

•  Quantify	  jet	  energy	  imbalance	  by	  the	  asymmetry	  ratio.	  
•  Large	  asymmetry	  is	  seen	  in	  energy	  imbalance. �
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Large	  AJ	  :	  low	  momentum	  particle	  (<	  4	  GeV/c)	  emitted	  at	  large	  angle	  on	  away	  side.	  �
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Ψ2�

jet �

Δφ �
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γ-‐Jet	  Angular	  Correlations	  (CMS)	  
Submitted to PLB, arXiv:1205.0206 

        pT
γ  > 60 GeV/c |η| < 1.44 

pT
Jet> 30 GeV/c |η| < 1.6 

	  No	  significant	  angular	  de-‐correlation	  	  

is	  observed	  for	  γ-‐jet	  pairs	  
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γ-‐Jet	  momentum	  balance	  

s  Momentum	  ratio	  shifts/decreases	  with	  centrality	  
s  jets	  shifting	  below	  the	  30	  GeV	  	  pT	  threshold	  not	  included	  

  pT
γ  > 60 GeV/c |η| < 1.44 

pT
Jet> 30 GeV/c |η| < 1.6 

      

Submitted to PLB, arXiv:1205.0206 

pT
γ  > 60 GeV/c |η| < 1.44 

pT
Jet> 30 GeV/c |η| < 1.6 
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CMS 

γ-‐Jet	  Momentum	  Balance	  vs.	  Centrality	  

s  Significant	  deviation	  of〈xJγ〉in	  PbPb	  compared	  to	  PYTHIA	  +	  HYDJET	  

s  The	  centrality	  dependence	  is	  mostly	  visible	  in	  RJγ	  	  
s  jet	  pT	  shifting	  below	  the	  30	  GeV	  threshold	  

Mean xJγ	
 γ-Fraction with > 30 GeV jet: RJγ	


pT
γ  > 60 GeV/c |η| < 1.44 

pT
Jet> 30 GeV/c |η| < 1.6 
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R=0.2�

R=0.3�
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Next	  step	  of	  EM	  probe	  +	  Jet	  :	  
	  with	  reaction	  plane	  to	  control	  path	  length.	  



2012/09/25�Phenomenology	  and	  Experiments	  at	  RHIC	  and	  LHC,	  Nagoya	  Univ.	  (Japan),	  T.	  Chujo	  (Univ.	  of	  Tsukuba) �



Motivation	  of	  di-‐hadron	  
correlation	  measurements �
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di-‐hadron	  correlations �
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IAA�

s  Enhancement	  above	  unity	  of	  ~30%	  on	  the	  near-‐side	  (not	  
observed	  at	  RHIC).	  

s  Away-‐side	  suppression	  at	  LHC	  (less	  at	  RHIC,	  i.e.	  lager	  IAA),	  while	  
single-‐hadron	  suppression	  is	  found	  to	  be	  slightly	  larger	  (RAA	  is	  
small)	  than	  at	  RHIC.	  
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Near	  side	  peak	  shape	  modification? �
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Near	  side	  peak	  shape	  
evolutions �

2012/09/25�Phenomenology	  and	  Experiments	  at	  RHIC	  and	  LHC,	  Nagoya	  Univ.	  (Japan),	  T.	  Chujo	  (Univ.	  of	  Tsukuba) �



Closer	  look	  at	  low	  pT	  trig,	  assoc	  bin�
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Medium	  response �

2012/09/25�

3+1	  hydro	  +	  jet	  	  (Tachibana,	  Hirano)	  QM2012�ALICE	  advantage:	  	  
•  Excellent	  hadron	  PID	  (0.15	  –	  20	  GeV/c),	  suitable	  detector	  to	  measure	  the	  medium	  

response	  with	  PID,	  jet	  ID	  and	  trigger	  by	  EMCal	  (neutral)	  +	  TPC	  (charge)	  
•  Bulk	  properties	  (PID	  spectra,	  v2,	  HBT,	  etc.)	  with	  a	  large	  jet	  energy	  imbalance.	  
•  ALICE	  can	  lower	  the	  jet	  energy	  threshold	  than	  those	  CMS	  &	  ATLAS.	  
•  Key	  to	  access	  cs,	  EOS?,	  How	  freeze	  out	  property	  changes	  by	  parton	  energy	  loss?�
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Path	  length	  control	  by	  
“trigger”	  bias	  �
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π0	  –jet	  (charged)	  correlations �

s  π0:	  EMCal	  triggered	  events,	  jet:	  charged	  jets.	  	  

s  Towards	  the	  measurement	  for	  path	  length	  control	  exp.	  

s  See	  D.	  Sakata’s	  talk	  for	  di-‐jet	  &	  hadron	  correlations	  at	  this	  
workshop. �
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D.	  Watanabe �



ALICE	  Dijet	  Calorimeter	  (DCal)	
s  Extension of  the acceptance of  EMCal . 

s  Lead-scintillator sampling type EMC with 
APD readout. 

s  EMCal: Δφ = 110° 

s  DCal: Δφ = 60° (on opposite side of  
EMCal) 

s  Δη = 0.7 for both EMCal and DCal + PHOS 

s  ~10%/√E 

s  Allow back-to-back hadron-jet, di-jet 
measurements in ALICE, with R = 0.4, up to 
pT ~ 150 GeV/c. 

s  Enhance jet, γ trigger capability. 

s  Installed in 2013-2014 (LHC long shutdown, 
SL1) 

DCal 

PHOS 
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Temperature	  dependence	  of	  mater	  properties	  	  

LHC/RHIC	  
HIC,	  1012 0C!

Helium	  

Nitrogen	  

Water	  

RHIC	  v2	  data	  :	  η/s	  ~	  0.1	  (suggested	  MC	  Glauber,	  CGC).	  
T	  ini	  at	  LHC:	  suggested	  30%	  higher	  than	  that	  at	  RHIC.	  	  
Any	  temp.	  dep.	  of	  matter	  properties	  ?	  	  Affect	  to	  transport	  coefficients	  (e.g.	  q-‐hat)	  ?	  
E-‐b-‐E	  temp.	  determination	  ?	  Beam	  energy	  scan	  at	  LHC	  in	  the	  future	  may	  help.	  

η
/s
	  

Temperature	  (K)	  �
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p+Pb	  at	  LHC,	  and	  initial	  
conditions �

s  Successful	  p+Pb	  pilot	  run	  (Sep.	  13,	  2012)	  

s  p+Pb	  Physics	  run	  (Jan.	  –	  Feb.,	  2013):	  
s  Beam	  energy:	  √sNN	  =	  5.02	  TeV	  
s  Expected	  statistics:	  	  ~	  30	  nb-‐1	  	  

à  rare	  probe	  statistics	  equivalent	  to	  0.15	  nb-‐1	  of	  
Pb-‐Pb.	  

s  Longer	  plan:	  	  
s  Forward	  physics	  to	  determine	  the	  initial	  

condition.	  
s  soft	  direct	  photon	  jet	  at	  low-‐x	  in	  forward	  

direction.	  	  

2012/09/25�

Sep.	  13,	  2012	  (ALICE)	  
	  test	  run,	  p+Pb	  collisions	  
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Summary �
Jet	  physics	  at	  LHC	  

s  Many	  exciting	  data	  on	  jet	  from	  LHC.	  

s  Towards	  more	  precision	  and	  controllable	  	  experiments.	  
s  Medium	  response.	  
s  Control	  experiment	  (path	  length,	  temperature,	  …)	  	  
s  Determination	  of	  initial	  condition.	  
s  +	  good	  models	  and	  theories.	  
à	  Keys	  to	  the	  precision	  measurements	  of	  properties	  QGP.	  
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