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What	  is	  the	  origin	  of	  the	  long	  range	  near	  side	  correlaLon	  in	  
small	  system?	  	  
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Similar	  feature	  to	  the	  
AA	  case	  were	  observed	  
v  CollecIve	  effect	  
v  Clear	  mass	  ordering	  

for	  V0	  

v  Larger	  “Radial	  flow”	  
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Similar	  feature	  to	  the	  
AA	  case	  were	  observed	  
v  CollecIve	  effect	  
v  Clear	  mass	  ordering	  

for	  V0	  

v  Larger	  “Radial	  flow”	  

Possible	  interpretaLons	  
v  IniIal	  state	  

interacIons	  (CGC,	  …)	  
v  Final	  state	  

interacIons	  
(hydrodynamic,	  …)	  
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v  Ridge	  yield	  to	  very	  high	  mulIplicity	  

	  
	  
v  ATLAS	  v2	  with	  new	  method	  
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Yet	  to	  explore:	  Origin	  of	  the	  ridge?	  
	  
Detailed	  studies	  needed	  for	  	  
•  v2	  and	  higher	  harmonics	  	  
•  ParLcle	  species	  dependence	  
•  MulL-‐parLcle	  correlaLon	  
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v Two	  parIcle	  correlaIon	  funcIons	  projected	  in	  ridge	  range	  (|Δη|>2),	  
fit	  by	  Fourier	  decomposiIon	  to	  get	  VnΔ:	  
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v  Low	  mulIplicity	  subtracIon	  on	  VnΔ	  

§  Assume	  jet-‐induced	  correlaIons	  at	  
away-‐side	  proporIonal	  to	  near-‐side	  	  
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v  Low	  mulIplicity	  subtracIon	  on	  VnΔ	  

§  Assume	  jet-‐induced	  correlaIons	  at	  
away-‐side	  proporIonal	  to	  near-‐side	  

§  Assume	  v2collecIve(Ntrk
offline	  <	  20)	  =	  0	  
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v Before	  jet	  correlaIon	  subtracIon:	  
§  v2{2}	  consistent	  for	  all	  parIcles	  at	  low	  mulIplicity	  
§  Clear	  ordering	  for	  pT	  <	  2.5	  GeV/c	  at	  high	  mulIplicity	  

Similar	  paiern	  to	  what	  is	  observed	  in	  p-‐Pb	  and	  Pb-‐Pb?	  Similar	  origin?	  
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v  Comparison	  between	  v2{2},	  v2{4}	  and	  v2{6}	  in	  p-‐p	  and	  p-‐Pb:	  
§  v2{2}/v2{4}	  (p-‐p)	  ≤	  v2{2}/v2{4}	  (p-‐Pb)	  è	  Related	  to	  IniLal	  State	  fluctuaLons	  
§  SIll	  true	  before	  subtracIonè	  Upper	  limit	  

v One	  possible	  explanaIon:	  PRL	  112	  (2014)	  082301	  
§  smaller	  v2{2}/v2{4}	  è	  Less	  IS	  fluctuaLng	  sources	  	  
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Fundamental	  difference	  between	  ATLAS	  and	  CMS	  method:	  
Subtract	  or	  not	  the	  combinatoric	  pedestal	  in	  the	  correla3on	  
func3on	  of	  low	  mul3plicity	  from	  those	  of	  high	  mul3plicity	  	  

Υ(∆φ) = N{1 +
∑

n

2Vn∆cos(n∆φ))}

= N +N
∑

n

2Vn∆cos(n∆φ))

Baseline	  of	  the	  correlaLon:	  
Related	  to	  number	  of	  pairs	  involved	  in	  the	  
correlaIon	  
Amplitude	  of	  sinusoidal	  modulaLon	  

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	  MulLplicity	  
LM:	  	  Low	  MulLplicity	  

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	  

correlaLon	  wrt	  a	  subset	  of	  parLcle	  

ridge	  
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v Clear	  double	  ridge	  structure	  also	  observed	  for	  V0	  arer	  subtracIng	  jet	  
correlaIons	  

 (radians)φ∆
0 2 4

ZY
AM

 - 
C

φ
∆d
pa

ir
dN  

tri
g

N1

0.00

0.02

0.04

±-hΛ/Λ

 (radians)φ∆
0 2 4

ZY
AM

 - 
C

φ
∆d
pa

ir
dN  

tri
g

N1

0.00

0.02

0.04

±-hS
0K

 (radians)φ∆
0 2 4

ZY
AM

 - 
C

φ
∆d
pa

ir
dN  

tri
g

N1

0.00

0.02

0.04

Preliminary = 13 TeV sCMS pp 

 < 3 GeV/c
T
assoc, p

T
trig1 < p

| > 2)η∆Long range (|
)low

jet/Yhigh
jet

(Y×N<20)≤N<150) - (10≤(105

±-h±h



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

23	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

offline
trkN

0 50 100 150

∆2V

0

2

4

6

3−10×

No sub.
Low mult. sub.

Preliminary = 13 TeV sCMS pp 

| > 2η∆|
 < 3 GeV/c

T
0.3 < p

 0.7×PYTHIA8 
 0.7×PYTHIA8 sub. 

offline
trkN

0 50 100 150

∆3V
0.5−

0.0

3−10×

No sub.
Low mult. sub.

Preliminary = 13 TeV sCMS pp 

| > 2η∆|
 < 3 GeV/c

T
0.3 < p

 0.7×PYTHIA8 
 0.7×PYTHIA8 sub. 



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

24	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

|η∆|
0 1 2 3 4

{2
}

su
b

2v

0.05

0.10

0.15

0.20

0.25

<20, no sub.trkN≤10
<95, no sub.trkN≤85
<150, no sub.trkN≤135

<95trkN≤85
<150trk N≤135

 = 13 TeVsCMS pp 
 < 3 GeV/c

T
0.3 < p

Preliminary



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

25	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

offline
trkN

0 50 100 150

{2
}

2v

0.02

0.04

<20 Sub.offline
trkN≤10

<15 Sub.offline
trkN≤10

<20 Sub.offline
trkN≤15

<25 Sub.offline
trkN≤20

<30 Sub.offline
trkN≤25

<35 Sub.offline
trkN≤30

 = 13 TeVsCMS pp 
 < 3 GeV

T
0.3 < p

| > 2η∆|

Preliminary



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

26	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

offline
trkN

0 50 100 150

∆2V×
as

so
c

N 0.2

0.4

0.6

 = 13 TeVNNsCMS pp 

PYTHIA8 pp 13 TeV

 < 3 GeV/c
T

0.3 < p

Preliminary

offline
trkN

0 50 100 150

je
t

Y

0.2

0.4

0.6

0.8

1.0

 = 13 TeVNNsCMS pp 

PYTHIA8 pp 13 TeV

 < 3 GeV/c
T

0.3 < p

Preliminary

offline
trkN

0 50 100 150

je
t

 / 
Y

∆2V×
as

so
c

N

0.5

1.0

 = 13 TeVNNsCMS pp 

PYTHIA8 pp 13 TeV

 < 3 GeV/c
T

0.3 < p

Preliminary



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

27	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

)2invariant mass (GeV/c
0.45 0.50 0.55

C
an

di
da

te
s 

/ 0
.0

00
5 

G
eV

0

50

100

310×

Mean: 0.4976 GeV
: 0.0067 GeVσAverage 

 = 13 TeVsCMS pp 
 < 150trk

offline N≤105 
S
0K

Preliminary

)2invariant mass (GeV/c
1.08 1.10 1.12 1.14 1.16

C
an

di
da

te
s 

/ 0
.0

00
5G

eV
0

20000

40000

60000

80000
Mean: 1.1159 GeV

: 0.0031 GeVσAverage 
 = 13 TeVsCMS pp 
 < 150trk

offline N≤105 
Λ/Λ

Preliminary



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

28	  6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

offline
trkN

0 50 100 150

{2
}

su
b

2v

0.02

0.04

0.06

Nominal
Lead
T

Top 30% p
Lead
T

Bottom 30% p

 = 13 TeVsCMS pp 
 < 3 GeV/c

T
0.3 < p

|>2η∆|

Preliminary

offline
trkN

0 50 100 150
je

t
Y 0.5

1.0

Nominal
Lead
T

Top 30% p
Lead
T

Bottom 30% p

 = 13 TeVsCMS pp 
 < 3 GeV/c

T
0.3 < p

|<1η∆|

Preliminary



Probing(novel(long,range(correla/on(phenomena(
in(pPb(collisions(with(iden/fied(par/cles(at(CMS(

Zhenyu'Chen'(Rice'University)'
for'the'CMS'Collabora:on'

'
Hot'Quarks'Workshop'2014'

'

1'

6/14/16	   Zhenyu	  Chen	  -‐	  LHCP	  2016,	  Lund	  

v MulI-‐parIcle	  cumulant	  results	  
compared	  to	  v2{2}	  
§  Probe	  collecIvity	  

v Comparison	  between	  v2{2},	  v2{4}	  
and	  v2{6}:	  
§  v2{2}	  ≥	  v2{4}	  ≈	  v2{6}	  	  

è	  CollecLvity!	  
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