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1.1 Jets in proton-proton collisions

SATLAS

EXPERIMENT

a dijet event recorded by ATLAS at the LHC
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1.2 Jets in nucleus-nucleus collisions

an asymmetric dijet event in a PbPb collision

ATLAS, Phys. Rev. Lett. 105, 252303 (2010).
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1.2 Jets in nucleus-nucleus collisions

proton 3 proton

o 3 ©

underlying event

compare to a proton-proton collision
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1.2 Jets in nucleus-nucleus collisions

nucleus s nucleus
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underlying event

partons in a hard scattering process
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1.2 Jets in nucleus-nucleus collisions
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1.2 Jets in nucleus-nucleus collisions

nucleus nucleus

j

bulk matter with a
parton distritution f

underlying event — bulk QCD matter
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1.2 Jets in nucleus-nucleus collisions

nucleus nucleus

3 bulk matter,

jet evolution in bulk QCD matter
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1.2 Jets in nucleus-nucleus collisions

A EXPERIMENT

Run Number: 169045, Event Number: 1914004
Date: 2010-11-12 04:11:44 CET

E, [GeV] Jet (hard probe)

Calorimeter
30 Towers

UE (bulk matter)

Most central collision: % ~ 1,600 and (p1) ~ 0.7 GeV
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1.2 Jets in nucleus-nucleus collisions

1. Underlying events

longitudinally boost invariant

——————————
[ ALICE, 0-5% Pb-Pb /& =5.02TeV

2. Variables
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1.3 Purpose of this talk

Resummation of double log in the jet broadening due to
multple scattering between a jet and UE
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2.1 Broadening in ¢ and 7

Vector decomposition:

Denote the jet momentum by p)

XA n n" = L p’
/ P \/§Pt
SN 1 .
% (ﬁ \r_,‘l'z‘tf = ﬁ (cosh M1, P, sinh 77/) )
Pt —u _ i — Py, si
. i =5 (coshny, —pe, sinh ),
Pr o = (0, —sin ¢, cos ¢y, 0),
, z #* = (sinhm,0,0,coshn).
T=
, > with pr = (cos ¢y, sin ¢;).
s

lancu, Taels and BW, in preparation.
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2.1 Broadening in ¢ and 7

Observable: jet broadening

dN _ 1 doy
dp®dp" = oy dp?dpn
1 an
" pFdAgdAn’
where
= (p-m)n"+(p-n)a"

—(p- ®)¢" — (p- M)A
=" pr . p%p")
N——
PL
p’ = pesin(p — ¢1) ~ p:Ag
——
Ag
p" = —pesinh(n — /) ~ —peAn.
——

An

W<
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2.1 Broadening in ¢ and 7

One example: pp — dijet+X

d*o d’% —i(ky L ka1 )KL
dyrdy,dk?, Py, %:UO / (2r)2 ¢

x x1 fa(x1, pb) %2 fo(x2, 115) (@7, x1)

where o represents normalization of the differential cross section and y; and y»
are rapidities of the two jets.

Mueller, BW, Xiao and Yuan, PLB763 (2016) 208-212.

Focus: contributions to S(Q?, x, ) from multiple scattering

Bin Wu 10/ 26 Leading log resummation



2.1 Broadening in ¢ and 7

Jet broadening at tree-level

> Scaling

Jet: pN ~ Pt(17 /\27 )‘)7
UV: 1%~ pe(A A A)

with A = T/p;.
» Wilson lines

M(xr) = Wa(xy) = P, e | nAs(xy)

with As gauge field of the
constituents of UV.

NS
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2.1 Broadening in ¢ and 7

Jet quenching parameter: §

> Scaling

S(x.) = <WJ(XL)Wn(OL)> e iR S = iR
1 dN —;”?(M%A#)
= —e 91
p; dAgdn

with (---) integration over f for UV.
» Physical meaning of §
§ g2/dqud2yldy*efifﬁﬂhlﬂ (F(v*, v )FPH(0)),
that is, it is proportional to the UE gluon distribution.

Baier, Dokshitzer, Mueller, Peigne and Schiff, Nucl. Phys. B 484, 265 (1997).
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2.2 Medium-induced double log

There exists a double log « g

XA A 4n
o —1
¢ » From one-gluon radiation

Oéch In 2

Qi(T)rad — ( T) QL(T)

» Resummation

Qi (T)rad = Qin(’r) Il (2‘%)

with k= 2t In(7T).

PN

Liou, Mueller and BW, Nucl. Phys. A 916 (2013) 102-125.
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2.2 Medium-induced double log

Some details of our calculation

- asCr T 2
S(r, %)= —— Re i dm dmi
47w D3 . .
ixiw(cl+c2+2)

/dk" [(xiw(cl +1)(e+1) - 8iD) e

ixi w(cptcp—2) :|
)

n (xiw(cl “1)(e - 1)+ 8iD) e

where ¢1 = ¢(72,71), 2 = ¢(71,72) and D and c are given by

D(Tz,Tl) = TTVA/T1T2 [Jl, (21/91’7'1) Y,, (21/927'2) — Jl, (2VQzT2) Yy (2VQ1T1)]
7['1/\/7—17—292

C(TQ,T]_) =

[Jy71 (2VQ2T2) J_. (21/917’1) +hw (21/927'2) Jy (2VQ1T1)]

sin(mv)
with
) =5 (”z‘fi‘[f))% -5 (‘A’Ak(f"))%, Q(7) = Qro)(mo/7)" .

and the shorthand notation Q1> = Q(71,2) is used.
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2.2 Medium-induced double log

Double log phase space

Az=w/k?
R e
— A2
N 109 :
| € |
| dou ~———w=dLz !
lofb - &£ =7  _ _ ______ 4
| I
| | | »
ale® gl.L glL? w

with L=7and b =1/T.
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2.2 Medium-induced double log

Renormalization of ¢

The double log is a consequence the evolution of UE PDF.

S(x1) = e X1 Q1 (T)rad
or

fso(r) = 171 (2r)

Blaizot & Mehtar-Tani (2014); lancu (2014).
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3.1 Double logs in nucleus DIS

For q% < L, the size of nuclei:

Mueller, BW, Xiao and Yuan, PRD95 (2017) 034007.

dN o /dZXl e_’.kL'XL x x 1
d?bd?k, (21 )2 PN 2@

X dzexp |—=§ x|z
0 4
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3.1 Double logs in nucleus DIS

For q% < L:

dN o /d2XJ_ e_’.kL'XL x x 1
d?bd?k, (2r)2 PN\ S Qe

L 1.
X dzexp | — 1 GradX1 z
0 N——

medium-induced
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3.1 Double logs in nucleus DIS

For q% < L:

¢ — / dle e—ikL»u X X #
d?bd?k, (2r)2 PN\ S 1 Qe
L
></ dz exp —lc?,adxf_z—aSCF In? (szf_)
0 4 2
medium-induced vacuum radiation

See, for resummation, Collins, Soper & Sterman (1985); Mueller, Xiao & Yuan (2013).
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3.1 Double logs in nucleus DIS

Two double logs are factorized:

A I*/q*
trorm=L tform/= 1/q

1 |

Sudakov

sindle scatternin

/ tform=r0

0 é\iro ﬁl— 1/X¢2 QZ 142
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3.1 Double logs in nucleus DIS

To study nuclear effects, Q should not be large!

dN /d2xl TR 1
d?bd?k, (2r)2 PN\ S 1@z

L
></ dz exp —%c’i,adxiz—ascF In? (szi)
0

2w

medium-induced vacuum radiation

Mueller, BW, Xiao and Yuan, PRD95 (2017) 034007.
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3.2 Applications in dijet production

To study nuclear effects, Q should not be large!

Otherwise,

dN ~ /d2XJ_ e,;kJ_.XJ_ x x 1
b2k, (2r)2 PN 2 1)@

L
asCr 2 ( 2 2
><‘/0 dz exp o In (Q xl)

vacuum radiation
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3.2 Applications in dijet production

Dijet azimuthal angular distributions (Q — p,)

Dijet Angular Correlation at the LHC

6 :
= CMS 0 - 10%
— gL = 0GeV? 1
4} |- GL =8GeV? .

20 22 24 26 28 30
Ag

Figure: p; =120 GeV and 50 GeV in PbPb collisions at the LHC.

Mueller, BW, Xiao and Yuan, Phys. Lett. B 763, 208 (2016).
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3.2 Applications in dijet production

Dijet azimuthal angular distributions (Q — p,)

Dijet Angular Correlation at the LHC

6 :
= CMS 0 - 10%
— gL = 0GeV? 1
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Figure: p; =120 GeV and 50 GeV in PbPb collisions at the LHC.

Mueller, BW, Xiao and Yuan, Phys. Lett. B 763, 208 (2016).
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3.2 Applications in dijet production

Dijet azimuthal angular distributions (Q — p,)

Dijet Angular Correlation at RHIC

6  |— gL =0GeV?
L | GL=8GeV?

------ 4L = 20GeV? .

Ag

Figure: p; =35 GeV in AuAu collisions at RHIC.

Mueller, BW, Xiao and Yuan, Phys. Lett. B 763, 208 (2016).
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Summary and Perspectives

XA An
A(P’, For -4V

dA¢dAn’

1. Resummation of
medium-induced double log

2. Interplay with Sudakov
double log

3. A new way to measure §

SCET for high-energy nuclear collisions?
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