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Ø LHC	
  at	
  CERN:	
  
o  Circumference:	
  26.7	
  
km	
  

o  Depth	
  ~	
  100	
  m	
  
o  3	
  running	
  modes:	
  

§  p-­‐p	
  
§  p-­‐Pb	
  
§  Pb-­‐Pb	
  

Ø 4	
  main	
  experiments	
  
o  LHCb	
  
o  CMS	
  
o  ATLAS	
  
o  ALICE	
  

system	
   Energy	
  (TeV)	
  

p-­‐p	
   0.9,	
  2.36,	
  2.76,	
  5.02,	
  7,	
  8,	
  13	
  

p-­‐Pb	
   5.02,	
  8.16	
  

Pb-­‐Pb	
   2.76,	
  5.02	
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Niobium titanium coil carrying ~18,000A

PRESHOWER
Silicon strips ~16m2 ~137,000 channels

SILICON TRACKERS
Pixel (100x150 μm) ~16m2 ~66M channels
Microstrips (80x180 μm) ~200m2 ~9.6M channels

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

STEEL RETURN YOKE
12,500 tonnes

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

CRYSTAL 
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO4 crystals

Total weight
Overall diameter
Overall length
Magnetic field

: 14,000 tonnes
: 15.0 m
: 28.7 m
: 3.8 T

CMS DETECTOR
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Ø  Low	
  mul:plicity	
  subtrac:on	
  applied	
  
Ø  v2:	
  

o  No	
  energy	
  dependence	
  observed	
  
o  Similar	
  shape	
  as	
  pPb	
  and	
  PbPb	
  
o  Smaller	
  than	
  bigger	
  system	
  

Ø  v3:	
  
o  No	
  energy	
  dependence	
  observed	
  
o  Different	
  from	
  pPb	
  and	
  PbPb	
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  <	
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  è	
  v2	
  and	
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  correlated	
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ü Odd-­‐Oven	
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Ø  Similar	
  behavior	
  in	
  p-­‐Pb	
  and	
  PbPb	
  
Ø  Points	
  to	
  similar	
  IS	
  fluctua:ons	
  
Ø  First	
  calcula:ons	
  (εn	
  correla:ons	
  only)	
  	
  

§  Right	
  sign	
  	
  
§  Magnitude	
  is	
  off	
  

Ø Ordering	
  observed:	
  	
  
p-­‐p	
  >	
  p-­‐Pb	
  >	
  Pb-­‐Pb	
  

Ø May	
  point	
  to	
  different	
  transport	
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  or	
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Does	
  the	
  collecQvity	
  turn	
  off	
  at	
  low	
  Ntrk?	
  

Ø  If	
  hydro	
  is	
  the	
  explana:on,	
  v2	
  should	
  go	
  down!	
  
Ø  New	
  methods	
  using	
  N-­‐par:cle	
  correla:ons	
  with	
  gap	
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Clear	
  evidence	
  of	
  long-­‐range,	
  collecIve	
  phenomena!	
  universal	
  in	
  all	
  
high-­‐mulQplicity	
  hadronic	
  collisions	
  

Scenario	
  #1	
  

IniQal	
  spa:al	
  εs	
   +	
  final	
  interac:ons	
   IniQal	
  spa:al	
  εp	
  
by	
  ini:al	
  interac:ons	
  

Scenario	
  #2	
  

AA	
  is	
  consistent	
  with	
  Scenario	
  #1:	
  nearly	
  perfect	
  fluid	
  
	
  
In	
  pp/pA?	
  	
  
Ø  The	
  understanding	
  of	
  the	
  ini:al	
  and	
  its	
  fluctua:on	
  is	
  the	
  key	
  to	
  disentangle	
  #1	
  

and	
  #2	
  	
  
Ø  Small	
  system	
  are	
  unique	
  probes	
  of	
  subnucleonic	
  fluctua:ons	
  
Ø  vn{m},	
  PID	
  vn	
  and	
  SC	
  results	
  suggest	
  that	
  a	
  unified	
  paradigm	
  to	
  describe	
  all	
  

hadronic	
  system	
  is	
  plausible	
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Do	
  we	
  form	
  a	
  QGP	
  in	
  small	
  systems?	
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Do	
  we	
  form	
  a	
  QGP	
  in	
  small	
  systems?	
  Maybe…	
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Do	
  we	
  form	
  a	
  QGP	
  in	
  small	
  systems?	
  Maybe…	
  
	
  

YES	
  
Ø  Correla:on	
  results	
  may	
  suggest	
  we	
  can	
  form	
  a	
  QGP	
  in	
  small	
  system	
  

at	
  high	
  mul:plicity	
  	
  
o  Similarity	
  with	
  AA	
  in	
  all	
  the	
  observable	
  
o  Collec:vity	
  have	
  been	
  shown	
  
	
  

Ø  This	
  is	
  supported	
  by	
  the	
  observa:on	
  of	
  strangeness	
  enhancement	
  
by	
  ALICE	
  in	
  small	
  systems	
  
o  Small	
  systems	
  sounds	
  more	
  and	
  more	
  similar	
  to	
  PbPb	
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Do	
  we	
  form	
  a	
  QGP	
  in	
  small	
  systems?	
  Maybe…	
  
	
  

YES	
  
Ø  Correla:on	
  results	
  may	
  suggest	
  we	
  can	
  form	
  a	
  QGP	
  in	
  small	
  system	
  

at	
  high	
  mul:plicity	
  	
  
o  Similarity	
  with	
  AA	
  in	
  all	
  the	
  observable	
  
o  Collec:vity	
  have	
  been	
  shown	
  
	
  

Ø  This	
  is	
  supported	
  by	
  the	
  observa:on	
  of	
  strangeness	
  enhancement	
  
by	
  ALICE	
  in	
  small	
  systems	
  
o  Small	
  systems	
  sounds	
  more	
  and	
  more	
  similar	
  to	
  PbPb	
  
	
  

NO	
  
Ø No	
  in	
  medium	
  parton	
  interac:on	
  observed	
  so	
  far	
  

o  No	
  jet	
  quenching	
  
o  No	
  HF	
  suppression	
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Seems	
  important	
  to	
  bridge	
  the	
  gap	
  between	
  peripheral	
  PbPb	
  and	
  
high	
  mulQplicity	
  pp	
  or	
  pA	
  collisions	
  

	
  
At	
  low	
  mulQpliciQes,	
  non-­‐flow	
  contribuQon	
  becomes	
  dominant	
  and	
  
new	
  tools	
  has	
  to	
  be	
  developed	
  to	
  get	
  ride	
  of	
  it	
  more	
  efficiently	
  

	
  
The	
  search	
  for	
  in	
  medium	
  parton	
  energy	
  loss	
  could	
  be	
  pursue	
  with	
  
correlaQon	
  studies	
  looking	
  at	
  charged	
  hadrons	
  or	
  HF	
  vn	
  at	
  high-­‐pT	
  in	
  

parQcular	
  


