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Jets in heavy-ion collisions

Multiple scattering
Transverse momentum broadening

Parton energy loss
Jet suppression
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Jet energy, medium response and background

E. 1GeV]

% E GeV|
"°”e Calorimeter o
100 Towers Calorimeter
x il Towers

{ » 3 > d‘

Jet energy as defined in the jet reconstruction algorithm with a jet cone R
Uncorrelated background should be subtracted

Jet-induced medium response is correlated with jet: not background
Some of the energy lost by leading partons remain inside jet-cone
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Bow waves, Mach waves
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Jet-induced medium excitation

Casalderrey-Solana, Shuryak & Teaney (2005), Stoecker (2005)

Jet induced Mach-cone in QGP

v=p/E > c;

Hydrodynamic approach

0, T = J*

L, y(fm)
o oo A D O N H O

JI/ . energy-momentum
deposited by jet

8/6 -4 -2 0 2 4 6 8

Betz, Noronha, Giorgio, Gyulassy, .
Mishudtin, Rischke (2009) Li Yan, S. Jeon, C. Gale (2018)

| \ Diffusion wake
(r/r}l ‘m‘

BERKELEY LAB



Mach cone from linear response
T Ty + o 0, 0THY = J”

6790 = €, 0T = gi,

y y 3 . .2
ST = 6 26e + L0 + 8¢ + 267V - §),

JO = —iwde + ik - qg,

=g = 3
J = —iwg + ikc2oe + =Ty | k°G +

4

(k ' g):| Qin, Majumdrr, Song & Heinz (2008)
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Microscopic picture of Mach wave

LBT: Linear Boltzmann Transport

p1-0f1 = —/dp2dp3dp4(f1f2 = f3f4)|M12—>34\2(27T)454(Zpi) + inelastic

Induced radiation
~ P
dzd?k, dt kT @l ) s 4,2 1 — 2) e, 5 .

 pQCD elastic and radiative
processes (high-twist)

* Transport of medium recoil

partons ( and back-reaction)
Back-reaction

* CLVisc 3+1D hydro bulk evolution (particle hole)

He, Luo, Zhu & XNW, PRC 91 (2015) 054908




LBT: Jet-induced medium response

(a) t=4fm/c (b) t=8 fm/c
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Energy distr. of medium response in a static medium

He, Luo, XNW & Zhu, PRC91 (2015) 054908
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ColLBT-hydro
(Coupled Linear Boltzmann Transport hydro)

Concurrent and coupled evolution of bulk medium and jet showers

p-0f(p)=—C(p) (p-u>ply)
0, 1" (x) = 5" (z)

3 () = pl6W (z — 2)0(pl,; — p- )

1

LBT for energetic partons (jet shower and recoil)
Hydrodynamic model for bulk and soft partons: CLVisc
Parton coalescence (thermal-shower)+ jet fragmentation
Hadron cascade using UrQMD

Chen, Cao, Luo, Pang & XNW, PLB777(2018)86
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Hadron spectra from low to high p-

Pb+Pb @ |s,,=5.02 TeV

ColLBT-hydro:

CoLBT+UrQMD ALICE DATA —— TOTAL ALICE DATA

- _ _ - - =-~- Hvydro. o nx100
h* 10-20% © 10-20% ’ - Cgal. A K

— 40-50% 4 40-50% || .. Frag. o Px0.01

Hydro : p;<2 GeV/c

40-50%

Coal.: 2<p;<6 GeV/c

Frag.: p:>5 GeV

10
pT(GeV/c) pT(GeV/c)

Pb+Pb @ \s,, =502 TeV

CoLBT+UrQMD  ALICE DATA CoLBT+UrAMD  ALICE DATA pT<2 GeV/c: radial flow

— 10-20% o 10-20% — 10-20% o 10-20%

— 40-50% O 40-50% — 40-50% O 40-50%
K/n

i/ o T
200 m‘,n } ‘
sl (D4 G >
o .&l,.-“fa (] [|I [] 4! L)

2<pT<6 GeV/c: coalescence

pT>10 GeV/c: energy loss

Zhao, Ke, Chen, Luo & XNW,
PRL 128 (2022) 2, 022302 (2103.14657 )
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https://arxiv.org/abs/2103.14657

Solving R,,-v, puzzle

Pb + Pb @ \s,,, = 5.02 TeV

1 CoLBT+UrQMD ALICE DATA,10-20%] CoLBT+UrQMD ALICE DATA, 40-50%
O Rjpa

h*, 10-20%, hl<0.8 h*, 40-50%, hl<0.8

Zhao, Ke, Chen, Luo & XNW,
PRL 128 (2022) 2, 022302 (2103.14657 )

15 10 15 20
pT(GeV/c) pT(GeV/c)
Pb +Pb @ \s,, =5.02 TeV

0.3-CoLBT+UrQMD DATA,10-20% CoLBT+UrQMD DATA,40-50%
— o CMS — h o CMS

A ATLAS A ATLAS

o ALICE o ALICE

10-20%
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https://arxiv.org/abs/2103.14657

Frreerer i

BERKELEY LAB

Z/v-jet: probing QGP

(a) T=4.6 fm/c (b)

\ S "
\\ ///
\
b\u].k\medium + Z;j,e‘t/ jet- 1nduced medium eX01tat1on + Z-jet
1 2-._.3 --4 5 GeV/fm3 -0.4-0.20.0.0.2-0:4 0 6 0.8GeV/fm
- ' reeeese— - | ——
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Jet suppression and energy loss

—{s=5.02TeV  lyl<2.1
e {5 = 2.76 TeV

— w/o recoil & w/o neg.
— w.recoil & w. neg.

— w.recoil & w/o neg.

150 200 250 300 350 400
p, (GeV)

He, Cao, Chen, Luo, Pang & XNW 1809.02525

rfeeees ’w

anti-k, R = 0.4 jets —LBT 5.02 TeV4+ATLAS 5.02 TeV
=—LBT 2.76 TeV+ATLAS|2.76 TeV

100 200 300 400 500 600 700 800 900 1000
P, (GeV)

Weak prdependence: initial jet spectra and
pr dependence of energy loss AE

Week energy dependence: increase of jet
energy loss and the slope of initial spectra
Medium response reduce jet net energy
loss

13



Energy loss in y/Z-jet at LHC

Suppression of leading and multiple jets

07>60 GeV/c ® CMSpp & p+p: CMS 4 Pb+Pb: CMS 0-30%
antik ot R=0.3 # CMS Pb-Pb 0-30% :

il | —— Sherpa pp Z+jets —p+p: PYTHIA  —Pb+Pb: LBT 0-30%
pL,>30 GeVic —— Pb-Pb Z+jets ‘
In<1.6 Sherpa pp Z+1jet == p+p: Leading jet -**'Pb+Pb: Leading jet
AY_>Tn/8 Pb-Pb Z+1jet - ’

8 3 — - - Sherpa pp Z+(>2)jetd

— - - Pb-Pb Z+(2)jets

Vs=5.02TeV

Z(lly+jet A= p! >80 GeV
M|Z> 0.006 . \/E =2.76 TeV

0.004
0.002

0

0 20 40 0O 100 120 140

Zhang, Luo, XNW, Zhang, arXiv:1804.11041 Luo, Cao, He & XNW, arXiv:1803.06785
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Medium modification of y-jets

[ jet+j.ime CZI jet-only @ @ CMS0-10%

Enhancement of soft hadrons
. — J:et+J:.?.m.e E_:E Jjet-only A A CMS 10-30:A>(+2)
I n |a rge a ng I eS [ jet+jim.e "I jet-only MW H CMS 30-50%(+4)

() 1 1 pjfet(r—Afr/Z,r+A'r/2)A
r) = .
g A7 Njer < (0, R)

J€E

1/N7tdN/d&F

¢7 — 7| > 77/8
pr>60 GeV/e [n,]|<1.44

LBT 0-30% w. medium response
® ® CMS 0-10%
A A CMS 10-30%(+1)

H B CMS 30-50%(+2)

[ jet+j.i.m.e c -2 jet-only
[ jet+j.i.m.e C -2 jet-only

-------- l)i\SSDC > 1 GeV
T
[ jet+j.im.e CZ. jet-only

LBT 0-30% w/o. medium response

With recoil

-------- l]"tll;\‘sof > 1 GeV
pT > 80 GeV
Vs =2.76 TeV

ol
Z
2
(=N
<.
A
+
£
(o8

w/o recoil -
(b

Luo, Cao, He & XNW, arXiv:1803.06785 Chen, Cao, Luo, Pang & XNW, 2005.09678
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Medium response & soft gluon radiation

Medium response: 5f(p) "y €—P°U/T
Medium-induced gluon radiation:
2w 5 )
Formation time: Uy = 1.2 kT ~ T¢q
T
— 7RV 2w/g
Mean-free-path TP <A~1/T 4~ T3

limits the formation time

wrANG/2~T
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Signal of diffusion wake

(b) ns=20
* Au+Au jet+m.e. ¢+ Au+Au jet-only =+ p+p
(a) 0 < ph<1GeV/c
o 0=0.946
4+ 0=0.837 \ . B\ VAVAVAVAVAVAVAVA VAVAV, J

B

dN/dA.,

o
o

Depletion of the background
In the vy direction

\;\
<
=

0
~
Z
]

0.2

o
o

Chen, Cao, Luo, Pang, XNW,
PLB777(2018)86
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(b)
ns=0
14 ‘ /

3 |-
B o\ VAVAVAVAVAVAVAVA VAVAV, ] =
- * .
g enhancement enhancement
of the away-side and broadening
background of the jet peak

ColBT-hydro 0-30% ColBT-hydro 30-5p%
CMS 0-30% 4 CMS 30-50%

(Vr/r}l ..\.‘ Chen, Yang, He, Ke, Pang and XNW, 2101.05422
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MPI: Multiple parton interaction

XNW & Gyulassy (1991)

[Ao(pr)T' (b)) Ao (pr)T(b)

Multiple jet production in pp: g (b,pT) — 7

Probability of multiple jets (pr>py) with at least one jet with p> p,'®

i ) _ [0 TO)Y {1 _ [(oo) — o) } o) T

a(po)?

o(ph®) ) Enhanced multiple minijet
J Production in triggered jet events

19



MPI subtraction in Z-hadron correlation

2 . — ® / 2=0
18 4 — Pythia+recom p+p VSyny = 5.02 TeV R A
=== MPI from p+p y
16 MPI from p+p(MPI sub) A P andn {'{]
14 CoLBT-hydro Pb+Pb «WVWW\:\‘N\,. >

-==MPI from Pb+Pb y
MPI from Pb+Pb(MPI sub) |, -
4 CMSp+p 4 '
4 CMS 0 _30% Pb+Pb

1/NzdN"/dA
5 K
4

Y =

Mixed event subtraction

=== CoLBT-hydro 0-30%(MPIoff)

CoLBT-hydro -
mmm CoLBT-hydro(MPI sub) : _» dNMPI i dNriLli / do (dN" 3 thZ‘ B
4 CMS 0-30% [ ) d¢ d¢ LT dgb dgb P=

1.5 2.0

| Aq)hz ¢)h ¢Z

20
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3D structure of diffusion wake

Time: 2.3 fm

5 o
o o
ensity(GeV/fm?3)

N ]
o

o
w N b
oo ©
Energy D
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3D structure of diffusion wake

Jet-hadron correlation in y/jet events

(b)
pt = 0-2 GeV/c pt = 0-2-GeV/c

Pb+Pb A
0-10%
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Double peak structure in n

|A@| > /2

N

—— 0-10% Pb+Pb 0-2 GeV/c
—-== p+p 0-2 GeV/c

—— 0-10% Pb+Pb 1-2 GeV/c
-== p+p 1-2 GeV/c

—-= Gaussian fit

=
o

)
©
<
<l
O
—
<
©

o
u

o
o

-75 =50 -25 0.0 2.5 : 7. : 2.5 3.0 3.5 4.0

An = nNp — Njet AP = Pn — Pjet

nj2
F(An) :/ dn; F3(n;)(Fa(An,n;) + F1(An)),
M1 1 1 1
,_',/,}I ‘"\,‘ Jet-distr MPI DF-wake
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Longitudinal jet tomography

Zhang, Owens, Wang and XNW, Phys. Rev. Lett. 103, 032302 (2009)

length dependence of
parton Energy loss

y-iet asymmetry X, ;.=pr¢'/p;!

Can be used to select
propagation length <L>

' A
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200GeV AuAu— y+h* b=5fm ¢=-/2

5-4-3-2-1012 3 45 6

y (fm)

1

d>, A\eD6> d>,

1

N9D6>,

1

d>z AeDe> d>,

1

A9OE>,

Pl /pp ~ 1

p/pg ~ 0.3
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Diffusion wake and jet energy loss

p-et/p;’ : proxy of jet energy loss

o
o

I
o
=

|
o
N

pr=1-2 GeV/c — ppY<0.6
—— pFpY>1.0

|
o
w

0-10% Pb+Pb . -
JSe = 5.02 TeV | --- pr/ps € (0.6,1.0)

_ 0 2 —2 0 2

N = nNnh — Njet N = Nn — Njet

dN/dAndAG(|A|>m/2)
I




Initial position & azimuthal correlation

v-hadron correlation
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https://arxiv.org/abs/2001.08321

Drift-diffusion equation: uniform medium

Boltzmann equation under O — 2 A
approximation of small angle / Pl ;f - gv?uf(ﬁ, f,—f)
elastic scattering, no drag: ot E 0r 1

nitial distr. f (7, 7)o = (27)%6%(71L)0% (7L

A Pl o 12E%  p?
=3 —(FL — —=—t -
=3(Gs) o0 |- G0 -

|[foe |/

3E? 3E? 1 i
47'(',\—3 exp <—7"i A—3> — €XP —]?AJ_
gt qt Tqt qt

A
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Drift-diffusion equation: non-uniform
medium

Linear spatial dependence (j — qAO + fJ_ - a
Momentum asymmetry:

) Fo (B, D)4 0(a)

y Deflection due
to transverse
gradient along y

jet

28



Transverse gradient tomography

n _ dengpfa(ﬁ, F)ﬁT ) ﬁ
E, f d?’?“dspfa (ﬁ, 7:*) (pr>3 GeV/c)

drift due
y to transverse
gradient along y

jet

He, Pang & XNW, Phys Rev Lett 125 (2020) 12, 122301

Jet energy loss > propagation length = initial jet position in x: Longitudinal tomography

3D jet tomography

' A
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Enhancing the diffusion wake

(a) — plYp¥<0.8

w

pY € (200, 250) GeV/c == no cutin pr'/pf

I

w

N

=

o

w

— p'/p¥<0.8

— = no cut in pieY/pY¥

I

w

No cut in Ay

N

o
o
—_—
h=d
©
S~
e
(S)
=2
©
2,
9
=
~~
—
N
I -1
<
=
=4
©
S~
N
(9]
P
©
2,
2
=2
~
—

0-10% Pb+Pb @ysyy = 5.02 TeV
0 1
Aq)hjet — ¢h_¢jet

©) ns=0
1
/‘ 4
S VAVAYAVAVAVAVAVAVAVAV, )
-
v Y |

jet-induced medium excitation + Z-jet

—0.4-0.20.0-0.2-0:4 0.6 0.8GeV/fm"

-8.0 -6.0 -4.0 -2.0 0.0 2.0 4.0 6.0 8.0

Chen, Yang, He, Ke, Pang and XNW, Phys. Rev. Lett. 127 (2021) 8, 082301
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Asymmetric jet shape

{s))

Energetic hadrons at the core of jet deflected away from center

PGV -y Soft hadrons from medium response at large angle flow into center

p!>60GeV|nY|<1.44  AYin[0.25,0.35] A in[0.25, 0.35] — "inl0,0.1]

Pt > 30GeV || < 1.6 —~ N rin [0.1, 0.2]

anti — kr jetR=10.3 . . _ rin [0.2, 0.3]
assoc , anti—kr jetR=0.3 ’

p7*°c > 1GeV Ady, > (7/8)1 0359 > 1GeV Ady, > (7/8)n

A% in [0.55, 0.65]

PbPb@5.02TeV0O — 10% A, in [0.55, 0.65]

— p3°¢ > 3 GeV/c

2 < pas°c < 3 GeV/c PbPb@5.02TeV0 — 10%
p3*°c = 2 GeV/c

AYin [0.55, 0.65]

-3.0 -2.25 -1.5 -0.75 0.75 1.5 225 3.0
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Deep learning assisted jet tomography

x&1.0 &y<-1.0

o

C

08&y>1.0

PCN (point cloud network)

DL network
selection

Input 1 Latent Features

o] (i
e

LI L L B I B B
ol b s
T T 17T | LI | T T 17T ‘ T T 171
o b Lo by
TTTT | L | L [ LI
L 11l I L 11| | - ‘ L1
LI L L LI B R
1111 I 1 11| | 1111 ‘ 1111

X 3
< 3
< 3

Buljood xe [eqo|D

|
I

1DCNN

MLP

jet: Pmﬂv‘i’ 9192 9m

Actual
distribution

LI O I R

Tl\!l!\!\‘l\!\‘\!\\

\I\!l\\!\‘l\\\‘\\\\

—‘llllllllllillllllll
—‘Jl\ll\\ll\]\ll\lll\

—‘\l\\l\\\\‘l\\l‘l\l\
[N I VNN AN SR

I
o

1
o

1
o

>
>
N
>

z

8 AN SRR AT SEANE SRR A
!!|\\TI|THIITHWHI]“HWHH
HIJHI|lHIIHHhHJthJHH
T T T[T T[T T[T T[T ToTT

>
\\|\\\I|\HIl\HwHH]HH‘HH

L
N

v-soft hadron

Eur.Phys.J.C 83 (2023) 7, 652 .
correlation

(1/N, AN/ ) aa — pp

HlJHI JHIlHH‘HIJ‘HIJ\HH

Yang, He, Chen, Ke, Pang & XNW
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Energy-energy correlator (EEC)

A new jet substructure observable:

rFrerrrrer

BERKELEY LAB

do

Normalized EEC

dz(n)ZiZ/dﬁi

17

dO'Z'j E:LnE?

Two-Point Energy Correlator

Moult, et al

(£1E2)

$ CMS Open Data |

= LL
_NIJIJ

AKS Jets, || < 1.9
pr = 500-550 GeV

Arbitrary factor x

ALICE Preliminary

pp \s =5.02 TeV

Anti-k ch-particle jets, R = 0.4, |’7jet| <0.5
p:k > 1.0 GeV/c pchjet

B
Transition region e (20, 40) GeV/c
Peak = 2.4 GeV/c ® (40, 60) GeV/c

o

— HWHM = 1.8 GeV/c (60, 80) GeV/c
+0.2 GeV/c

Hadron region
— AxR]

10
P> R, [GeVic]

T, ch jet



Resolving QGP scales with EEC

E=100 GeV, L=10 fm
B § =10 GeVm!

M §=20GeVm!

B § =30 GeVfm™!

Andres, et al , 2209.11236
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BERKELEY LAB RSN

Resolving QGP scales with EEC

 (Can EEC resolve the induced gluon emission in
realistic heavy-ion collisions?

 (Can EEC resolve recoil partons (medium response)?

* (Can EEC resolve the angular scale of in-medium
parton collisions

35



Jet EEC in Vacuum

LO emission in vacuum:

B %o [ g a1 — 2P

Leading Log evolution:

(1-2)E 2(1-z)E

o ['qu(g)zq =+ - ] %05 0.010\ | 0.050 0.100

0

Non-leading log power corrections ~~ §§ Uncorrelated emission at small angle

(reeees ’w
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Effects of hadronization

hadron
parton
Power
corrections
hy at large angle
- Pythia y-jet
— ha ¥>100 GeV/
o eV/c
o > Anp priet> 50 GeV/c, R=0.5
"Random
correlation at
small angle

rfeeees ’w
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EEC from HT in single emission

dymed N L2yt 8asCy /dz P, (2) 1 sin ELz(1 — 2)6%/8
do E (VEL)3 z2(1—2) ELz(1—2)0%/8

q = 2 GeV?/fm; u=1 GeV 9999( |

E=100 GeV. HT induced emission in a QGP brick:

E=200 GeV, vaccum .
E=100 GeV, L=4 fm dXe L3GasC A0

E=100 GeV, L=8 fm ~ ,0 < \/871/EL
E=200 GeV, L=8 fm do 64m

il ~ > 0 EL
w0 ~35 g !> Ve

3
NN
=~~~

0
3
<
D
o
~
N
o

—_— ‘..\.‘ Yang, He, Moult & XNW, PRL 132 (2024) 1, 011901
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Contributions from medium response
dzzned:/ ddiic 40(7i, - g — cosf) / | 1] dlpi]

2—> 2 elastic collisions: 70
b,(cd) 1=b,c,d

= x o (£ f) (A £ fa) - |
E k E.Eqg

Both recoil and

(27)26% (D0 + Db — Pe — Pa) [Mapsed|”

E, = 100 GeV
gl T=0.36 GeV

a; =0.3

L=4 fin

2-> 3 inelastic collisions: o

T=0.36 GeV
| A3 a, =03
L=4 fm

rrecoes ’w
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EEC of single parton in a QGP brick

Single parton with multiple scattering in a brick in LBT

(a)

medium
response
¥ L=4 fm
Debye mass: | 02 E=100 GeV
3 | T=0.36 GeV
wp = iK g°T”

We vary only K in the sampling the
transverse momentum transfer of 2->2
and kinematic limit of gluon
bremsstrahlung. We however keep ghat

and 222 ratg Ms0aR88Shonse
v \ (recoil + “negative” partons) Yang, He, Moult & XNW, PRL 132 (2024) 1, 011901
‘-‘/‘}l ""‘ Is (more) important

40
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EEC of a jet shower in a QGP brick
A jet shower in a brick in LBT

—_— K=4.0 shower
— K=1.0
— K=0.2

== vaccum

Initial y-jet configurations generated

from Pythia8 T=0.36 Gev

L=4 fm
Energy loss and momentum

broadening lead to suppression
at small angles

Y > 100 GeV/c
pr'>50 GeVic, R=05

Radiated gluon and medium
response dominate at large angles

Yang, He, Moult & XNW, PRL 132 (2024) 1, 011901

r_r/rml ’II\I‘
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EEC of y-jets in Pb+Pb Collisions

CoLBT simulations:
(b)

Enhancement at large angles by soft
hadrons from radiated gluons and
medium response, sensitive to pT

cuts
EEC by energetic hadrons from leading

shower partons at small angles are
'—v‘/'}l ’..\.‘ suppressed, not affected by pT cuts

BERKELEY LAB

10-! J/ ~

7/
7/ \\
d Y \
/ 1>100 GeV/c \
7/
7’ jet \
T

o

pr >50GeV/c, R=0.5 “\

[Nyl <1.44, |njet| < 1.6
10! ph>10Gevic

— pI>20GeVic

00 =" ph>10Gevic
h pp
—== p7>20GeV/c

Yang, He, Moult & XNW, PRL 132 (2024) 1, 011901
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EEC for single inclusive jets

pT cut reduces enhancement from medium

Similar to EEC for y-jets
response

== = pp 40-60GeV
== = pp 60-80GeV
m— aa 40-60GeV
m— aa 60-80GeV
== = pp 20-40GeV
m— aa 20-40GeV

r)jet <1l.6
R=04
Pt € (160, 180)GeV

10-2 10-!
(not normalized by jet pT) R,

' \
Froroerrerrfs




EEC of dijets

Vs =5.02 TeV
anti-k, jet, R=0.4
i7°1<0.5

40<pl < 60 GeV/e

track

| p, > 1GeVic

--- PYTHIA §, pt+p
— LBT, Pb+Pb 0-10%
— leading jet

— subleading jet

Leading jet

44



Seeing Mach-cone through 3p Azimuthal Correlation

p+p (y+jet) pr>40 GeV/c  .10%Pb+Pb (y+jet)

Back-to-back correlation due Azimuthal uniform correlation
to momentum conservation due to medium-response:

ceery of parton splitting Mach-cone — sound velocity?
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Summary 1

Medium response reduces net jet energy loss

Medium response leads to
— enhancement of soft hadrons in jet direction
— depletion of soft hadron on the away side

Unique 3D structure of diffusion wake

Use 2D jet tomography to reveal the angular
structure of Mach-cone excitation

Future studies: ML improved 2D tomography
and constraint on EoS, transport coefficients
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Summary 2

First complete and realistic calculation of jet EEC in heavy-ion
collisions

Medium-response dominates enhancement of EEC at large
angles

Energy loss of leading jet shower partons leads to suppression
of EEC at small angles

Medium modification of EEC is sensitive to the angular scale of
in-medium parton collisions

Azimuthal dependence of EEC — imaging Mach-cone
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Jet Quenching phenomena at RHIC

Au+Au (central collisions): e d+Au FTPC-Au 0-20%
Direct y (PHENIX Preliminary)
— p+p min. bias j:zx R

Inclusive h™ (STAR)
* Au+Au Central

7 (PHENIX Preliminary)
GLV parton energy loss (ng/dy =1100)

1/Nqg e AN/D(A0)

A ¢ (radians

055 0.6
ZT=p:SSOClpT



Diffusion wake and EoS

pr=1-2 GeV/c

0-10% Pb+Pb
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Diffusion wake and viscosity

pr=1-2 GeV/c

0-10% Pb+Pb
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Jet quenching at LHC

o | Er [GeV] ! E_[GeV]

20 Calorimeter
0o Towers

(8]
=
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o

Frreerer 1

ATLAS jet events in p+p (left) and Pb+Pb (right) collisions
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