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Probing Transverse Momentum Broadening 
via 

Dihadron & Hadron-jet Angular Correlations
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Introduction: Jet Quenching

Jet-medium interaction

BDMPS approach

�dE

dx

=
↵sNc

4
q̂L

Baier, Dokshitzer, Mueller, Peigne, and Schiff 
NPB 483 (1997), 484 (1997), 531(1998).

    reflects the density of QGPq̂

q̂ =
�k2?
L

 k⊥ broadening
 Energy loss

Two sides of the same coin.

Jet transport parameter
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Introduction

Jet Collaboration. PRC 90, 014909, (2014)
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T=370 MeV,
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for a 10 GeV quark JET

 Extract    via angular decorrelation in the back-to-back region.q̂

Angular decorrelation - New and complimentary method

Energy loss - Single hadron RAA
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Introduction

Dihadron Angular decorrelation @ RHIC

STAR, PRL 90, (2003)   T  z
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 Yield suppression
 Angular decorrelation: quantitative calculation is lacking

back-to-back region

STAR, PLB760 (2016)
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Introduction

JA
0 0.2 0.4 0.6 0.8 1

J
) d

N
/d

A
ev

t
(1

/N

0

1

2

3

4
40-100%

JA
0 0.2 0.4 0.6 0.8 1

J
) d

N
/d

A
ev

t
(1

/N

0

1

2

3

4
20-40%

JA
0 0.2 0.4 0.6 0.8 1

J
) d

N
/d

A
ev

t
(1

/N

0

1

2

3

4
10-20%

JA
0 0.2 0.4 0.6 0.8 1

J
) d

N
/d

A
ev

t
(1

/N

0

1

2

3

4
0-10%
ATLAS
Pb+Pb

=2.76 TeVNNs

-1bµ=1.7 intL

φ∆
2 2.5 3

φ
∆

) d
N

/d
ev

t
(1

/N

-210

-110

1

10

φ∆
2 2.5 3

φ
∆

) d
N

/d
ev

t
(1

/N

-210

-110

1

10

φ∆
2 2.5 3

φ
∆

) d
N

/d
ev

t
(1

/N

-210

-110

1

10

φ∆
2 2.5 3

φ
∆

) d
N

/d
ev

t
(1

/N

-210

-110

1

10
Pb+Pb Data

p+p Data

HIJING+PYTHIA

peripheral

central

 Energy imbalance increases: Energy Loss
 No clear sign of angular decorrelation

Qin, Muller, PRL 106 (2011)

AJ ⌘ p1T � p2T
p1T + p2T

ATLAS [PRL 105, (2010)] & CMS [PRC 84, (2011)]

Puzzle: Large Energy Loss, Small pT Broadening?

Is q̂ ' 0?
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Sudakov Resummation

Dijet angular correlation in pp

 (rad)φ
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φ
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σ
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 resummation
full NLO

Perturbative Expansion

Sudakov Resummation

Sun, Yuan, Yuan, PRL113 (2014), PRD92 (2015)pp̄ at
p
s = 1.76 TeV Tevatron

Soft gluon radiations
(parton shower)

Not Stable

paradigm shift

large logarithms

(↵s ln
2 p2T
q2?

)n

2 → 2, 2 → 3 
2 → 4,  ……

2 → 2 + n
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Sudakov Resummation

Central rapidity back-to-back dijet production

Kinematic region: small angle|~q?| = |~p1T + ~p2T | ⌧ |~p1T | ' |~p2T |

Picture: Inertia

p⃗1T

p⃗2T

l1T

l2T

Back-to-back correlations are very sensitive to the soft gluon radiations.
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Sudakov Resummation

Considering one gluon radiation in 
the large medium, 
Medium Induced Radiation and 
Vacuum Parton Shower 
can be separated.

Mueller, Wu, Xiao, Yuan, arXiv:1608.07339

Vacuum parton shower kT broadening

From pp to AA l+/q+

l⊥
2Q2

1

0

τl = τq

Sudakov

τl = r0

τl = L

qt̂

qL^ql0^

A+
B 

ca
nc

el

B+C cancel

1/x⊥
2

l⊥
2 = q τl^

hot medium

Multiple scattering
Medium induced radiation

SAA(Q, b) = Spp(Q, b) +
hq̂Lib2

4
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Sudakov Resummation

Dijet angular correlation in AA

Mueller, Wu, Xiao, Yuan, arXiv:1604.04250

p
SNN = 2.76 TeV
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p2T > 50 GeV
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Dijet Angular Correlation at the LHC

CMS 0 - 10%

q̂L = 0GeV2

q̂L = 8GeV2

q̂L = 20GeV2

Vacuum Sudakov Effect ≫ Medium Broadening Effect

This explains why the LHC did not observe the angular decorrelation.

SAA(Q, b) = Spp(Q, b) +
hq̂Lib2

4
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Sudakov Resummation

Dijet angular correlation in AA

p2T > 15 GeV

p
SNN = 200 GeV

p1T > 35 GeV
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Dijet Angular Correlation at RHIC

q̂L = 0GeV2

q̂L = 8GeV2

q̂L = 20GeV2

Mueller, Wu, Xiao, Yuan, arXiv:1604.04250

Vacuum Sudakov Effect ~ Medium Broadening Effect

Decrease the center of mass energy or measure small pT jet.

SAA(Q, b) = Spp(Q, b) +
hq̂Lib2

4
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Dihadron & hadron-jet correlations

Dihadron correlations in pp - Establish Baseline
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hq̂Li = 0 GeV2
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hq̂Li = 0 GeV2

 For the first time we can describe the
  back-to-back angular correlation.

 Established a baseline to study the 
  angular decorrelation in AA collisions.
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Dihadron & hadron-jet correlations
pp collisions + AA collisions
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Dihadron & hadron-jet correlations
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Normalized q⊥ distributions

Large pT events are not sensitive to the medium induced kT broadening, 
since the vacuum Sudakov effect is too large. 
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Dihadron & hadron-jet correlations
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Global fit

Global fit with RHIC data

larger than the value,
extracted from single hadron RAA by 
JET Collaboration

q̂ = 1.2± 0.3 GeV2/fm
 Radiative correction
 Effective length

hq̂Li
tot

= 14+42

�14

GeV2

SAA(Q, b) = Spp(Q, b) +
hq̂Lib2

4
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Summary

 We extracted that                                   for a quark jet at RHIC energy. hq̂Li
tot

= 14+42

�14

GeV2

 The dijet, dihadron and hadron-jet angular correlations can provide a
  new gateway to quantify the medium induced kT broadening.

Dihadron per trigger yield.

AJ distribution.

 Outlook

Energy loss.

 For the first time we can describe the back-to-back dihadron/hadron-jet 
  angular correlation measured at RHIC & LHC.
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AJ distribution.
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Thanks for you
r attention!



The End


