
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'

Zhenyu	
  Chen	
  (Rice	
  University)	
  

	
  
For	
  the	
  CMS	
  Collabora.on	
  

	
  
ISMD	
  2015,	
  Bildungszentrum	
  Wildbad	
  Kreuth	
  

Oct	
  7	
  (2015)	
  

	
  



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'

10/5/15	
   Zhenyu	
  Chen	
  -­‐	
  ISMD	
  2015,	
  Germany	
  

v The	
  “ridge”	
  seen	
  in	
  all	
  systems	
  at	
  the	
  LHC!	
  
§  Hydrodynamic	
  flow	
  origin	
  in	
  PbPb	
  collision.	
  
§  What	
  about	
  small	
  systems?	
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v CollecVvity!	
  
v Mass	
  ordering!	
  
v “Radial	
  flow”!	
  

PRL	
  115	
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  (2015)	
  200 
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v CollecVvity	
  in	
  even	
  smaller	
  system?	
  
v Hydro	
  flow	
  at	
  the	
  smallest	
  scale?	
  
v Other	
  contenders?	
  E.g.	
  Color	
  Glass	
  Condensate	
  glasma	
  

FSQ-­‐PAS-­‐15-­‐002 

JHEP	
  09	
  (2010)	
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v No	
  collision	
  energy	
  dependence	
  
FSQ-­‐PAS-­‐15-­‐002 
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v No	
  collision	
  energy	
  dependence	
  
v CGC	
  overshoots	
  at	
  high	
  mulVplicity	
  
v Hydro	
  calculaVons? 

FSQ-­‐PAS-­‐15-­‐002 



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'

 (GeV/c)
T

p
0 2 4

As
so

ci
at

ed
 y

ie
ld

 / 
(G

eV
/c

)

0

0.02

0.04

 105≥ 
offline

trk
 = 13 TeV, Nspp 

 110≥ 
offline

trk
 = 7 TeV,   Nspp 

 100, 13 TeV≈ 
offline

trk
Glasma+BFKL, N

 100, 7 TeV≈ 
offline

trk
Glasma+BFKL, N

(a)CMS Preliminary

offline

trk
N

50 100 150
As

so
ci

at
ed

 y
ie

ld
 / 

(G
eV

/c
)
0

0.02

0.04

 < 2.0 GeV/c
T

1.0 < p

| < 4.0η∆2.0 < |

(b)
Glasma+BFKL, 13 TeV
Glasma+BFKL,  7 YeV

10/5/15	
   Zhenyu	
  Chen	
  -­‐	
  ISMD	
  2015,	
  Germany	
   7	
  

v What	
  about	
  v2,	
  v3	
  in	
  pp?	
  
v ParVcle	
  species	
  dependence?	
  
v Is	
  it	
  collecVvity?	
  

FSQ-­‐PAS-­‐15-­‐002 
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v  In	
  pA,	
  hydro	
  calculaVon	
  limited	
  by	
  proton	
  shape	
  

v pp	
  collision	
  provides	
  exclusive	
  probe	
  of	
  proton	
  shape	
  
fluctuaVon	
  at	
  very	
  short	
  Vme	
  scale!	
  

B.	
  Schenke 
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v Two	
  parVcle	
  correlaVon	
  funcVons	
  projected	
  in	
  ridge	
  range	
  (|Δη|>2),	
  
fit	
  by	
  Fourier	
  decomposiVon	
  to	
  get	
  VnΔ:	
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v Data	
  &	
  MC	
  difference	
  à	
  contribuVon	
  other	
  than	
  jet	
  correlaVon	
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v Data	
  &	
  MC	
  difference	
  à	
  contribuVon	
  other	
  than	
  jet	
  correlaVon	
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v Data	
  &	
  MC	
  difference	
  à	
  contribuVon	
  other	
  than	
  jet	
  correlaVon	
  
v PosiOve	
  V3Δ	
  à	
  brand	
  new	
  phenomena! 
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v V2Δ,	
  V3Δ	
  become	
  relaVve	
  constant	
  at	
  high	
  mulVplicity	
  
v Low	
  mulVplicity	
  subtracVon	
  works	
  well	
  for	
  jet	
  correlaVon	
  (MC) 
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v v3(pp)	
  ≈	
  1.2%	
  at	
  high	
  mulVplicity	
  
v Trend	
  of	
  deviaVon	
  from	
  v3(pPb)	
  &	
  v3(PbPb)	
  at	
  high	
  mulVplicity	
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v v3(pp)	
  ≈	
  1.2%	
  at	
  high	
  mulVplicity	
  
v Trend	
  of	
  deviaVon	
  from	
  v3(pPb)	
  &	
  v3(PbPb)	
  at	
  high	
  mulVplicity	
  
v More	
  constraints	
  on	
  the	
  proton	
  shape 
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v No	
  mass	
  dependence	
  of	
  v2	
  from	
  jet	
  correlaVon	
  at	
  low	
  mulVplicity	
  
v Mass	
  ordering	
  in	
  low	
  pT	
  region	
  at	
  high	
  mulOplicity	
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v Q-­‐cumulant	
  4-­‐parVcle	
  
correlaVon	
  
	
  
	
  
related	
  to	
  v2	
  as	
  
	
  

v c2{4}	
  decrease	
  with	
  mulVplicity,	
  
same	
  behavior	
  as	
  in	
  pPb	
  



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'

10/5/15	
   Zhenyu	
  Chen	
  -­‐	
  ISMD	
  2015,	
  Germany	
   24	
  

offline
trkN

0 50 100 150

{4
}

2c 2−

0

6−10×

 = 3%{4}2v
 = 4%{4}2v

{4
}

2c

0.00

0.02

0.04

3−10×

 = 7 TeVspp 

 = 5.02 TeVNNspPb 

 < 3 GeV/c
T

0.3 < p

CMS Preliminary v Q-­‐cumulant	
  4-­‐parVcle	
  
correlaVon	
  
	
  
	
  
related	
  to	
  v2	
  as	
  
	
  

v c2{4}	
  decrease	
  with	
  mulVplicity,	
  
same	
  behavior	
  as	
  in	
  pPb	
  

v  IndicaVon	
  of	
  negaVve	
  c2{4}	
  at	
  
high	
  mulVplicity,	
  stay	
  tuned!	
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Presented	
  the	
  second-­‐order	
  (v2)	
  and	
  third-­‐order	
  (v3)	
  anisotropy	
  of	
  
charge	
  hadron,	
  K0S	
  and	
  Λ	
  for	
  high	
  mulVplicity	
  pp	
  collisions	
  

v MulVplicity	
  dependent	
  (charge	
  hadron)	
  
§  overall	
  v2(pp)	
  <	
  v2(pPb)	
  <	
  v2(PbPb)	
  
§  v3(pp)	
  deviates	
  from	
  v3(pPb	
  &	
  PbPb)	
  at	
  high	
  mulVplicity	
  

v Transverse	
  momentum	
  dependent	
  (PID)	
  
§  Mass	
  ordering	
  clearly	
  observed	
  in	
  low	
  pT	
  region	
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v 2010	
  pp,	
  6.2	
  pb-­‐1	
  
v Triggers	
  

§  High	
  MulVplicity	
  Trigger	
  
§  Minimum	
  Bias	
  Trigger	
  

27	
  

50 100 150

P
(N

)

1

10

210

3
10

410

5
10

6
10 MinBias

>70
trk
onlineHLT N

(a) CMS pp 7TeV

>0.4GeV/c)
T

|<2.4,pη(|offline
trkN

0 50 100 150

H
L

T
 e

ff
ic

ie
n

cy

0.0

0.5

1.0 50 100 150

1

10

210

310

410

510

610 MinBias

>85
trk
onlineHLT N

(b) CMS pp 7TeV

>0.4GeV/c)
T

|<2.4,pη(|offline
trkN

0 50 100 150
0.0

0.5

1.0



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'

10/5/15	
   Zhenyu	
  Chen	
  -­‐	
  ISMD	
  2015,	
  Germany	
   28	
  

 (GeV/c)
T

p
0 2 4

As
so

ci
at

ed
 y

ie
ld

 / 
(G

eV
/c

)

0

0.02

0.04

 105≥ 
offline

trk
 = 13 TeV, Nspp 

 110≥ 
offline

trk
 = 7 TeV,   Nspp 

 100, 13 TeV≈ 
offline

trk
Glasma+BFKL, N

 100, 7 TeV≈ 
offline

trk
Glasma+BFKL, N

(a)CMS Preliminary

offline

trk
N

50 100 150

As
so

ci
at

ed
 y

ie
ld

 / 
(G

eV
/c

)

0

0.02

0.04

 < 2.0 GeV/c
T

1.0 < p

| < 4.0η∆2.0 < |

(b)
Glasma+BFKL, 13 TeV
Glasma+BFKL,  7 YeV



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'

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

 = 7 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

 = 7 TeVsCMS pp 
 < 3 GeV/c

T
0.3 < p

|<1η∆|

Preliminary

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

 = 7 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

 = 7 TeVsCMS pp 
 < 3 GeV/c

T
0.3 < p

|<1η∆|

Preliminary

10/5/15	
   Zhenyu	
  Chen	
  -­‐	
  ISMD	
  2015,	
  Germany	
   29	
  

v SystemaVc	
  studies	
  considering:	
  from	
  low	
  to	
  high	
  mulVplicity	
  
§  PotenVal	
  de-­‐correlaVon	
  between	
  near	
  and	
  away	
  side	
  jet	
  contribuVon	
  
§  PotenVal	
  change	
  of	
  jet	
  distribuVon	
  in	
  Δη	
  and	
  Δφ	
  

v One	
  overall	
  test:	
  cut	
  leading	
  parVcle	
  pT	
  

v SubtracVon	
  robust	
  against	
  potenVal	
  bias	
  on	
  jet	
  mechanism	
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v The	
  subtracVon	
  procedure	
  to	
  remove	
  jet	
  contribuVon	
  
	
  

v For	
  purely	
  jet	
  correlaVon	
  
	
   	
   	
   	
  	
  	
  	
  	
  	
  0	
  expected,	
  
which	
  requires	
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v  Jet	
  yield	
  used	
  in	
  subtracVon	
  esVmated	
  by	
  long-­‐rang	
  (|Δη|>2)	
  	
  
away	
  side	
  (|Δφ|>2π/3)	
  yield	
  minus	
  near	
  side	
  yield	
  (|Δφ|<π/3).	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  
	
  

v  SystemaVc	
  uncertainty	
  assigned	
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