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Discovery	  of	  long	  range	  “ridge”	  in	  pPb 
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Near	  side	  long	  range	  “ridge”,	  Δφ	  ~	  0 Long	  range	  rapidity	  correla:ons	  
seen	  in	  AA	  collisions	  and	  only	  in	  
high	  mul:plicity	  pp	  and	  pPb	  
collisions	  

What	  could	  we	  learn	  from	  
latest	  pPb	  run?	  
l  In	  AA	  collisions,	  long	  range	  

correla:ons	  arise	  from	  
collec:ve	  flow	  

l  Are	  these	  correla:ons	  in	  
pPb	  also	  related	  to	  
hydrodynamic	  flow	  as	  in	  
PbPb? 

Phys. Lett. B 718 (2013) 795 



Similarity	  between	  pPb	  and	  PbPb	  collisions 
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Remarkable	  similari:es	  in	  pPb	  and	  PbPb	  for	  same	  mul:plici:es	   

p Pb Pb 
Pb 

Phys. Lett. B 724 (2013) 213 

Ellip:c	  flow 

Triangular	  flow 



Iden/fied	  par/cle	  v2	  in	  AA	  collisions 
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Phys.Rev.C75:054906,2007 

l  Mass	  ordering	  at	  low	  pT	  seen	  in	  AA	  collisions.	  
l  A	  cross-‐over	  	  of	  v2	  observed	  at	  around	  2	  GeV 

STAR	  AuAu	  @	  62.4GeV 
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l  Number	  of	  cons:tuent	  
quark	  scaling	  (NCQ)	  
observed	  in	  AA	  
collision.	  

l  A	  possible	  indica:on	  of	  
parton	  degree	  of	  
freedom.	  

Quark	  Number	  Scaling 

Phys.Rev.C75:054906,2007 

Study	  mass	  dependence	  
and	  NCQ	  scaling	  for	  a	  wide	  
pT	  range	  in	  CMS:	  
l  In	  high	  mul:plicity	  pPb	  

collision	  events	  
l  Compare	  results	  with	  

same	  mul:plicity	  in	  
PbPb	  collisions	  

STAR	  AuAu	  @	  62.4GeV 



6	  

Data	  sets:	  
Ø  2013	  pPb	  +	  Pbp,	  35nb-‐1	  
Ø  2011	  PbPb,	  2.3	  μb-‐1	  (50-‐100%)	  
Triggers:	  
Ø  High	  mul:plicity	  triggers	  in	  2013	  
Ø  Minimum	  bias	  trigger	  
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•  The	  K0S	  and	  Λ	  candidates	  (generally	  referred	  to	  as	  V0)	  are	  
reconstructed	  by	  combining	  pairs	  of	  oppositely	  charged	  tracks.	  	  

•  K0S	  è	  π+π-‐,	  cτ	  =	  2.68cm	  
•  Λ	  è	  p+π-‐,	  cτ	  =	  7.89cm	  
•  Cos(θpoint)	  >	  0.999	  
•  3D	  separa:on	  between	  	  
	  	  	  	  	  primary	  and	  V0	  vertex	  >	  5σ	  

7	  

V0	  Candidates	  Reconstruc/on 



l  V0	  peaks	  can	  be	  clearly	  iden:fied	  with	  livle	  background	  for	  K0S	  and	  Λ	  
constructed	  over	  wide	  range	  of	  pT	  and	  η	  

l  Mass	  values	  very	  close	  to	  PDG	  numbers 
8	  

V0	  Candidates	  Reconstruc/on 

 invariant mass (GeV)−π+π
0.45 0.50 0.55

C
an

di
da

te
s 

/ 0
.5

 M
eV

0

50

100

150

200

310×

 = 5.02 TeVNNsCMS pPb 
1− = 35 nbintL
 < 260trk

offline N≤220 
 < 3 GeV

T
1 < p

S
0K

Mean: 0.4976 GeV
: 0.0067 GeVσAverage 

 + charge conjugate invariant mass (GeV)−πp
1.10 1.12 1.14

C
an

di
da

te
s 

/ 0
.5

 M
eV

0

50

100

310×

 = 5.02 TeVNNsCMS pPb 
1− = 35 nbintL
 < 260trk

offline N≤220 
 < 3 GeV

T
1 < p
Λ/Λ

Mean: 1.1159 GeV
: 0.0033 GeVσAverage 

 invariant mass (GeV)−π+π
0.45 0.50 0.55

C
an

di
da

te
s 

/ 0
.5

 M
eV

0

50

100

150

200

310×

 = 5.02 TeVNNsCMS pPb 
1− = 35 nbintL
 < 260trk

offline N≤220 
 < 3 GeV

T
1 < p

S
0K

Mean: 0.4976 GeV
: 0.0067 GeVσAverage 

 + charge conjugate invariant mass (GeV)−πp
1.10 1.12 1.14

C
an

di
da

te
s 

/ 0
.5

 M
eV

0

50

100

310×

 = 5.02 TeVNNsCMS pPb 
1− = 35 nbintL
 < 260trk

offline N≤220 
 < 3 GeV

T
1 < p
Λ/Λ

Mean: 1.1159 GeV
: 0.0033 GeVσAverage 

p Pb 



Sideband	  
background	  
region	  <	  -‐3σ 

Sideband	  
background	  
region	  >	  3σ 

±2σ	  Peak	  region 
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Sideband	  background	  region:	  
Only	  background	  candidates,	  
Extrac:on	  of	  vnbkg 

Peak	  region:	  
Background	  +	  signal	  candidates,	  
Extrac:on	  of	  vnobs,	  
Calcula:on	  of	  signal	  frac:on	  
f	  =	  signal	  yield/total	  yield	  =	  S/(S+B)	  

Extrac/on	  of	  vn	  signal 

vnobs	  =	  vnsig·∙f	  +	  vnbkg·∙(1-‐f) 



•  Two-‐par:cle	  correla:on	  func:ons	  are	  constructed	  for:	  
–  K0S	  as	  trigger,	  inclusive	  charged	  hadron	  as	  associated,	  K0S-‐h±.	  
–  Λ	  as	  trigger,	  inclusive	  charged	  hadron	  as	  associated,	  Λ-‐h±.	  
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Two-‐par/cle	  correla/on	  func/on 
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Two-‐par:cle	  correla:on	  func:ons	  are	  projected	  in	  “ridge”	  range	  (|Δη|>2	  ),	  
fit	  by	  a	  Fourier	  decomposi:on	  to	  get	  VnΔ:	  
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Extrac/on	  of	  vn 
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Low	  mul/plicity	  v2	  in	  pPb	  and	  PbPb 
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l  v2	  paverns	  are	  compa:ble	  for	  K0S	  ,	  Λ	  and	  inclusive	  charged	  hadron	  at	  low	  mul:plicity	  
(<60)	  for	  both	  pPb	  and	  PbPb	  

l  At	  60-‐120	  mul:plicity,	  a	  hint	  of	  a	  devia:on	  of	  v2	  between	  K0S	  	  and	  Λ	  is	  observed. 
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High	  mul/plicity	  v2	  in	  pPb	  and	  PbPb 
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Mass	  ordering	  below	  2	  GeV	  and	  a	  cross-‐over	  at	  around	  2	  GeV	  observed.	  
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High	  mul/plicity	  v3	  in	  pPb 
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Similarity	  between	  v2	  and	  v3	  in	  pPb:	  
l  Mass	  ordering	  below	  2	  GeV	  and	  a	  cross-‐over	  at	  around	  2	  GeV	  
l  NCQ	  scaling	  holds	  within	  20%	  	  



Conclusion 

l  Second-‐order	  (v2)	  and	  third-‐order	  (v3)	  anisotropy	  harmonics	  of	  K0S	  	  and	  Λ	  
par:cles	  are	  presented	  over	  wide	  mul:plicity	  range	  and	  broad	  pT	  range	  in	  
pPb	  collisions	  
-  Compared	  to	  PbPb	  results	  with	  same	  mul:plici:es	  

l  Low	  mul:plicity	  (Ntrk
offline	  <	  60)	  

-  v2	  are	  compa:ble	  for	  K0S	  	  and	  Λ	  in	  both	  pPb	  and	  PbPb	  collisions	  
l  Higher	  mul:plicity	  (60	  <	  Ntrk

offline	  <350)	  
-  Mass	  ordering	  of	  v2	  and	  v3	  observed	  in	  pPb	  collision,	  more	  prominent	  

than	  in	  PbPb	  collision	  at	  same	  mul:plici:es	  
-  A	  cross-‐over	  at	  around	  2	  GeV	  is	  observed	  for	  both	  pPb	  and	  PbPb	  

collisions	  
l  Number	  of	  cons:tuent	  quark	  (NCQ)	  scaling	  of	  v2	  and	  v3	  observed	  in	  high	  

mul:plicity	  pPb	  collision	  
-  Holds	  bever	  than	  in	  PbPb	  collision	  at	  same	  mul:plici:es	  



Back	  up 
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Two-‐par/cle	  correla/on	  func/on 
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v2obs v2bkg f 
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High	  mul/plicity	  v3	  in	  PbPb 
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Comparison	  to	  ALICE	  result 
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Comparison	  to	  ALICE	  result 
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ALICE	  PbPb	  v2 


