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  final	
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  in	
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  ini@al	
  state	
  is	
  probably	
  what	
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  most	
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  systems	
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  state	
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  What	
  is	
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1)  Does	
  the	
  ridge	
  arise	
  from	
  a	
  collec*ve	
  behavior	
  in	
  p-­‐p?	
  

2)  Mass	
  ordering	
  for	
  iden*fied	
  par*cles	
  as	
  in	
  p-­‐Pb	
  and	
  Pb-­‐Pb?	
  

3)  Can	
  we	
  understand	
  becer	
  fluctua*ons	
  in	
  the	
  IS	
  in	
  p-­‐p	
  collisions?	
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  (p-­‐p)	
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  (p-­‐Pb)	
  !	
  Related	
  to	
  IS	
  fluctua@ons	
  

v One	
  possible	
  explana*on:	
  PRL	
  112	
  (2014)	
  082301	
  
§  smaller	
  v2{2}/v2{4}	
  è	
  Less	
  IS	
  fluctua@ng	
  sources	
  	
  
§  S*ll	
  true	
  by	
  only	
  looking	
  at	
  v2	
  before	
  subtrac*on	
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  p-­‐Pb:	
  
§  v2{2}/v2{4}	
  (p-­‐p)	
  ≤	
  v2{2}/v2{4}	
  (p-­‐Pb)	
  !	
  Related	
  to	
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  fluctua@ons	
  

v One	
  possible	
  explana*on:	
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§  smaller	
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  Less	
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v A	
  clear	
  long-­‐range	
  near-­‐side	
  structure	
  is	
  observed	
  in	
  p-­‐p	
  collisions	
  at	
  
high-­‐mul*plicity	
  

v Significant	
  v2	
  and	
  v3	
  are	
  measured	
  with	
  CMS	
  at	
  5,	
  7	
  and	
  13	
  TeV	
  using	
  
dihadron	
  correla*ons	
  and	
  low-­‐mul*plicity	
  subtrac*on	
  technique	
  
§  Similar	
  shape	
  for	
  v2	
  as	
  p-­‐Pb	
  but	
  smaller	
  magnitude	
  
§  v3	
  is	
  different	
  from	
  	
  p-­‐Pb	
  and	
  Pb-­‐Pb:	
  suggest	
  that	
  ini*al	
  state	
  fluctua*ons	
  in	
  p-­‐

p	
  and	
  bigger	
  systems	
  have	
  different	
  pacerns	
  
§  Clear	
  mass	
  ordering	
  is	
  observed	
  

v v2{4}	
  and	
  v2{6}	
  were	
  measured	
  at	
  high	
  mul*plicity	
  
§  Results	
  indicate	
  that	
  the	
  Ridge	
  in	
  p-­‐p	
  is	
  collec@ve!	
  
§  May	
  provide	
  important	
  insight	
  of	
  the	
  ini@al	
  state	
  fluctua@ons	
  of	
  the	
  proton	
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As	
  in	
  p-­‐Pb,	
  it	
  is	
  a	
  collec@ve	
  effect,	
  the	
  interpreta@on	
  is	
  restricted	
  to	
  
mainly	
  two	
  different	
  pictures	
  

v  Ini*al	
  state	
  interac*ons	
  (CGC,	
  …)	
  
v  Ini*al	
  state	
  fluctua*ons	
  +	
  final	
  state	
  interac*ons	
  (hydrodynamic,	
  …)	
  

Need	
  of	
  theore@cal	
  inputs	
  in	
  high	
  mul@plicity	
  p-­‐p	
  collisions	
  

Ini@al	
  state	
  and	
  its	
  fluctua@ons	
  is	
  different	
  from	
  p-­‐Pb	
  and	
  Pb-­‐Pb	
  
v Less	
  fluctua*ng	
  sources	
  
v Can	
  we	
  constrain	
  the	
  proton	
  shape	
  using	
  p-­‐p	
  vn	
  measurements?	
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More	
  results	
  on	
  small	
  systems	
  will	
  come	
  
with	
  the	
  Run-­‐2	
  p-­‐Pb	
  run	
  this	
  year!!!	
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è Extend	
  measurements	
  to	
  	
  
	
  	
  	
  	
  	
  higher	
  pT:	
  
•  Collec*vity	
  
•  Jet	
  quenching	
  

è More	
  constrains	
  on	
  IS	
  	
  	
  	
  	
  
	
  	
  	
  	
  	
  fluctua@ons	
  

LPC	
  mee*ng	
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Fundamental	
  difference	
  between	
  ATLAS	
  and	
  CMS	
  method:	
  
Subtract	
  or	
  not	
  the	
  combinatoric	
  pedestal	
  in	
  the	
  correla1on	
  
func1on	
  of	
  low	
  mul1plicity	
  from	
  those	
  of	
  high	
  mul1plicity	
  	
  

Υ(∆φ) = N{1 +
∑

n

2Vn∆cos(n∆φ))}

= N +N
∑

n

2Vn∆cos(n∆φ))

Baseline	
  of	
  the	
  correla@on:	
  
Related	
  to	
  number	
  of	
  pairs	
  involved	
  in	
  the	
  
correla*on	
  
Amplitude	
  of	
  sinusoidal	
  modula@on	
  

N
∑

n

2Vn∆cos(n∆φ)) = csteif	
   and	
  N	
  î	
  

then	
  VnΔ	
  ì	
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N
∑

n

2Vn∆cos(n∆φ)) = csteif	
   and	
  N	
  î	
  

then	
  VnΔ	
  ì	
  

ΥHM (∆φ) = FΥLM (∆φ) +ΥRidge(∆φ)

NHM{1+
∑

n

2V HM
n∆ cos(n∆φ)} = FNLM{1+

∑

n

2V LM
n∆ cos(n∆φ)}+G{1+

∑

n

2V LM
n∆ cos(n∆φ)}

HM:	
  High	
  Mul@plicity	
  
LM:	
  	
  Low	
  Mul@plicity	
  

G = N
HM

− F.N
LM

G.V
ridge
2

= N
HM

.V2 − F.N
LM

.V
LM
2

G	
  smaller	
  than	
  NHM,	
  V2ì 
Smaller	
  G	
  can	
  be	
  interpreted	
  as	
  

correla@on	
  wrt	
  a	
  subset	
  of	
  par@cle	
  

ridge	
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  double	
  ridge	
  structure	
  also	
  observed	
  for	
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  aver	
  subtrac*ng	
  jet	
  
correla*ons	
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v NCQ	
  scaling	
  stand	
  for	
  intermediate	
  
KET/nq	
  

v Tension	
  a	
  low	
  KET/nq	
  but	
  sta*s*cal	
  
uncertain*es	
  are	
  large	
  

How	
  to	
  explain	
  this	
  scaling?	
  	
  
What	
  can	
  we	
  learn	
  from	
  that?	
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