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Introduction: Jet Quenching

Jet-medium interaction

M k1 broadening >
M Energy loss ,
e 9
J
\ 8
Two sides of the same coin. %

BDMPS approach

Jet transport parameter G = —— = gL

™ § reflects the density of QGP

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

Energy loss - Single hadron R4
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Jet Collaboration. PRC 90, 014909, (2014)
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Angular decorrelation - New and complimentary method

M Extract ¢ via angular decorrelation in the back-to-back region.
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Introduction

Dihadron Angular decorrelation @ RHIC

e opposite sign A same sign
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STAR, PRL 90, (R003) Z1 STAR, PLB760 (2016)

M Yield suppression

M Angular decorrelation: quantitative calculation is lacking
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Introduction

ATLAS [»rr 105, 2010) | & CMS [ere 84, (2011 |
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M Energy imbalance increases: Energy LLoss  qin, Muller, PRL 106 (2011)

™ No clear sign of angular decorrelation Is ¢~07

Puzzle: Large Energy Loss, Small pr Broadening?

Shu-yi Wei
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Introduction: Dijet Angular Correlation

Dijet angular correlation in pp with perturbative expansion approach
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DO @ 1.96 TeV: PRL 94, 221801 (2005)
A¢

M NLO calculation can describe the experimental data very well.
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Introduction: Dijet Angular Correlation
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CMS @ 7TeV, arXiv:1101.5029
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Introduction: Dijet Angular Correlation
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Introduction: Dijet Angular Correlation

Dijet angular correlation in pp with perturbative expansion approach
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Sudakov Resummation

Dijet angular correlation in pp with Resummation approach
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NLL resummation Sun, Yuan, Yuan, PRL113 (2014), P%D92 (R015)
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Sudakov Resummation

+ /Nt
From pp to AA AI"/q

T,=1L T =Tq
Mueller, Wu, Xiao, Yuan, arXiv:1608.07339 1 | | /

> /

& Sudakov
N L. | X

Considering one gluon radiation in 2
the large medium, | \g c Ca(\ce\

Medium Induced Radiation and 2

|
(o))
iy
§\
P
X

Vacuum Parton Shower N
can be separated. ﬂ
s o>
0 ql 0 C]L 1/ X, Q / L
L) hot medium
§44(Q:0) = Spp(Q. ) +
/ N . Multiple scattering
Vacuum parton shower kT broadening Medium induced radiation
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Sudakov Resummation

Dijet angular correlation in AA

Dijet Angular Correlation at the LHC G L>b2
§ | | | | | SAA(Q7b) :SPP(Q7b)+ 4
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Vacuum Sudakov Effect » Medium Broadening Effect

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

Mueller, Wu, Xiao, Yuan, arXiv:1604.04250

Shu-yi Wei Jet-medium interaction - 2017 (INT)



Sudakov Resummation

Dijet angular correlation in AA

Dijet Angular Correlation at RHIC (q L>b2
| | | | | | ] SAA(Q7b) :SPP(Q7b)+ 4
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Vacuum Sudakov Effect ~ Medium Broadening Effect

Decrease the center of mass energy Or measure small pr jet.

Mueller, Wu, Xiao, Yuan, arXiv:1604.04250
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Back-to-back angular correlations

Dihadron correlations in pp - Establish Baseline

4.0 L L A A T 4.0 L L L L S
- | O STAR pp [12,20]+(3, 5] i - | O PHENIX pp [5,10]+[5, 10]
| L) — 0 Gev? : [ |— (L) =0 Gev? ;

- | ) PHENIX pp [5, 1043, 5] 1
. . | (4L) = 0 GeV? |
M For the first time we can describe the 3.01 |

back-to-back angular correlation.

M Established a baseline to study the

angular decorrelation in AA collisions. B sy T

Ag
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Back-to-back angular correlations

pp collisions + AA collisions
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Back-to-back angular correlations

Normalized ¢q. distributions
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Large pr events are not sensitive to the medium induced &t broadening,

since the vacuum Sudakov effect 1s too large.

Shu-yi Wei
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Back-to-back angular correlations

Extracting q,,

M Collision geometry and the dynamical evolution of QGP.
M LL resummed § Liou, Mueller, and Wu, NPA916 (2013)

2\ _ /A _ A T = 2 /12 1
<pJ_> - <qL> - QOT_ngl [2\/a_81n(L /ZO)] \/&—sln(Lg/lg)

Global ¢ analysis with STAR data

Go = 3.9715GeV? /fm do = 1.2 + 0.3GeV? /fm

To =378 MeV;1 o; quark jet JET Collaboration; 10 GeV quark jet

a few times larger than (not inconsistent with) that from JET collaboration.
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Dijet Asymmetry

What is dijet asymmetry?

Two jets with largest transverse energy @
i
o Leading Jet: P11 - #jf
. ; y =
M Sub-leading Jet: Pt ’ 5
L
Dijet asymmetry
1 —
Ay ="
A _ P11 — P12 P12 14+ x;
J = Tj—=—
pPr1 + P12 PT1 1_ A,
T p—
7T 144,

™ Intuitive picture on the jet energy loss.

M Sensitive to geometry, g, evolution of medium, energy loss formalism...
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Dijet Asymmetry

First Thing: baseline in pp collisions

M Most of the previous theoretical studies are using Event Generators.
Pythia ... You always have parameters to tune...

M All the previous theoretical studies are comparing with the uncorrected data.

Smearing: Another parameter to make the curve look pretty.

~ 1% iy - 4:"'|""I""I""|'"'|""I""I""I""I""
ELSEVIER Nuclear Physics A 956 (2016) 653656 %Ié f 2013 pp data, 4.0 pb” pp

www.elsevier.com/locate/nuclphysa = 3'55_
‘2’0‘5 3F

‘;‘e'f -

-N“a. 25 -

2t .. . -
Q>*" New results on fully corrected dijet asymmetry in Pb+Pb g
collisions with ATLAS "o

(:

: : : 0.5¢

Dennis V. Perepelitsa (on behalf of the ATLAS Collaboration)! :

of

Physics Department, Brookhaven National Laboratory, Upton NY, 11973 USA 0.10.20.30.40.50.60.70.80.9 1

X,

f -®" Establish a baseline that can describe the fully corrected data without any free parameters.
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Dijet Asymmetry

Perturbative Expansion

1 energy conservation

M 4x coverage (no missing jet)

™ leading and sub-leading jets

For n-jet final state

2—n 1
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Dijet Asymmetry

Perturbative Expansion

11 perturbative expansion fails
10" .- ‘ 1
].OO % ,./’—ll"_ ———————
%‘g 1071 -=- ,,/'. :' --- LO (2 —3)
= - [ NLO (2 — 4)f
102 E '." .:
-3 ;’ I: LI DL B B B LI B LB B L B B L
10 F ; l b 18§ I o CMS [110, 140]GeV K
i , { § - ]--- LO (2 — 3) —
) H1 W RN NS N NS et T & 101: !
10 104 05 06 0.7 0.8 ; i s --=-- NLO (2 — 4) -
3 — Resummed ‘
XJ b‘ﬁ ! i
s 100 3 2 : €
—| B - T i |
b )\ stable R -
Xy =1 -

back-to-back conﬁguration
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Dijet Asymmetry

Resummation Improved pQCD approach o Z(

1=0

oo

(OésLOg)i + O‘écz)

Pm
O CMS [110, 140]GeV K ] | | |
ol el 2 no large logs arge 1ogs
F o [--- NLO (25 9) 4 B
—_— Resummed n
%§ 100 b § n 90 Z (<&SLOg)Z)
e o oy Z((asLog)i + aiCi> ZOZOO
1071 %ﬁﬁ# ] = + 00 Z ((%Log)i>
Axal
2 n+1

92 24 26 28
A¢

l d—O' _ 1 daNLO + 1 do_Sudakov
0 dx j llmproved  ONLO dTj 1A¢<¢m  OSudakov  dTJ

T>ADG>bm

™M NLO pQCD provides very precious result at small X region.
M Sudakov resummation resums the alternating sign series of large logarithms.

M There is no free parameter in this calculation.
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Dijet Asymmetry

Resummation Improved pQCD approach

4 7 4 -
O pp [100-126] 1 - | O pp [126-158]
[ | — Our result ] | | —— Our result
31 3
S g 2| = g 9l
== i == i
L L
Vo Vo
4 7 7 4 7
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| [ —— Our result = | | —— Our result
3| ] 3|
% g 2 . . % g 2|
== [ —|= i
1f - 1f
Vo 1.0 Yo 02
1 do . 1 dUNLQ X 1 dUSudakOV
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Dijet Asymmetry in PbPb Collisions

BDMPS formalism

50l © ATLAS pp [100, 126]GeV ’ 4.0l © ATLAS pp [126, 158]GeV -
O PbPb 0 — 10% ! O PbPb 0 — 10% |
9 40 _ pp theory ] e pp theory 1
We TO™ We I | el Jo = ’ 3.0f--- Go = 2 GeV?/fm o]
D(e) = a —exp( ) N o = ] . o = :
26 26 %g s ] §L§ i 6 |
H|Z i = ] *‘|Z B S o . . :
. 200,C
W, = / dL L o= 22528
T
o] . Ty Ty
M Probability for a jet to lose energy € N e e T T e S
o PbPb 0 — 10% l O PbPb 0 — 10% ]
— pp theory : 4.0 l— pp theory .
300 " Go = 2 GeV?/fm ] R do = 2 GeV?/fm
- Go = 6 GeV?/fm ] 30ll~ Go = 6 GeV?/fm h
% g i % g B | EEEEEE quark jets go = 4 GeV?/fm
= 2.0 _ i
- = 90 ]
Results: | |
M 10 St :
. . . 0.0 L& T i o E
fZAssummgache)etsaregluon)ets. %04 e 0 o S R AR
. . 3
™ Typical energy loss 1s 20 ~ 30 GeV. z z

™M Gois 2 ~6 GeV 2/ fm at Ty = 481 MeV.
M Agrees with the original BDMPS estimate § ~ 0.3-0.8 GeV?/ fm at 7' = 250 MeV.

do
dpr1dpTa2

do
dpp, dprpg

hep-ph/9608322

— /de1d€2D(€1>D(€2>

PT1=D/p+€1; PT2=DPy+€2
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Back-to-back angular correlation

™ For the first time we can describe the back-to-back dihadron/hadron-jet
angular correlation measured at RHIC & LHC.

™ The dijet, dihadron and hadron-jet angular correlations can provide a
new gateway to quantity the medium induced &1 broadening.

M We extracted that ¢y = 3.9715GeV?/fm for a quark jet at 79 = 378 MeV.
Dijet Asymmetry
™M We developed the Resummation Improved pQCD formalism

™ Based on BDMPS approach, gy = 2 ~ 6GeV*/fm at 79 = 481 MeV

Thank you very much for your attention!
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The End



