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L ecture |l

® guick repetition about jets
® medium-induced radiation

® et decoherence
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Charged particle spectrum
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Collinear factorization

Separation of inrtial- and final-state effects.
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oPPh 2 f (21, Q%) ® folae, Q) ® D(z,Q%)

Nuclear PDFs Modified FFs
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Hard probes at LHC

ALICE+CMS reach in 1 yr. pA(Ap) collisions
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Hard cross sections:
Pb-Pb,\'s = 5.5 TeV
LHC, lyl<2.5

[d’Enterria 2008]
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CMS Experiment at LHC, CERN
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The nuclear modification factor
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I he [-shirt plot
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® no modification for colorless probes :: baseline ok
® [ight & heavy hadrons/jets suppressed by a factor 2-5
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Repetition:
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: strong energy ordering!
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* factorization g = qg + g :: separation of time-scales!
* holds for higher order emissions too (leading logs)!

K. Tywoniuk (UB) 10



Angular ordering
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|ets In vacuum

[Bassetto, Ciafaloni, Marchesini, Mueller, Dokshitzer, Fadin, Lipatov (80’s)]
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A new scale In the medium

® the jet scale Q=EOje

® the medium fluctuates with
with typical transverse wave-

length Qs

® medium “charge’ Is zero for
A>Qy !

* resolved by A<Q?
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tikonal propagation

spin

’UJ)\/
| ] |
g ~ —3GsO\N 2p+Aa,—ta Conlserva’uon Qf energy
during scattering

AbV i
* no elastic energy loss

e . ( polarization
v) : 5%-2 + ga— (o * no spin-flip, polarization
B (7)1 e color precession

AbV .
. — Z Sn(p p
S-matrix: —
= 280/~ p) 20" [ e DU i o)
S ]
Wilson line: U(x™,0;[r]) = Peexp ig/ d§T - A q(§7(§))
0
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Antenna In the medium

Classical current:

ke n e . ks ke

JH =

Survival probability of the dipole:

1
Apeq =1 — ~ (Tr Uy (.cz:JLF,O)UJr O:cL ‘e |
1 5 4\ 9 K ,c
— 1 —exp —1—2rL(xL)Q (

Only the interferences are modified!
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W— —
Bk (2m)w?

QIR1+ Q3R2 +2Q, - Qs (1-
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N some aetall...

Two-point function:
._— comes from the number of quarks
1
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Medium averages

(A% (@t @ A% (27, q)) = 6 n(at)d(at — ') (27)20(q — q')v(q)

: Instantaneous correlator Amep > Tser

Medium average : no cross-talk between scattering centers

Perturbatively: Amg~1/(g*T) and ts~1/mp~1/gT = ok

Resumming all such contributions gives rise to exponentiation!

1
C’éz)(x}f—wg;;r) = <TrU(xL,a:'O, )UT(xO,:EJLF,a:)>

= exp{ — g2Nu(af — 2 Ino[7(0) —1(r)]}
— exp{ — %/derI’g(r,er)}

dipole scattering rate!
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Enter g

1 A
Ly(r,a™) ~ g = CP(Azt;7r) =exp (—q - r?)

2 4
“harmonic oscillator’/dipole approximation

In momentum space: P(p — pg, Ax™) = /dzre_i(p_pO)'rCSZ)(AfLS r)

Coordinate-space collision kernel from EQCD

U i o S—— _ 4w _ 2p7
o[ P(Ap, ArT) = N et
S O Panero et al. 1307.5850 E
5 | E3g : ® s atransport coefficient controlling
E s E; E Brownian motion/Gaussian broadening
= o e intutively §~1/m
- O'Zimw_,u,ww"“’ . - ® can be measured on the lattice in the
b e et L high-energy limit
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Hard scale analysis

* 1 <Q;' (Dipole regime) e r; > Q. (Decoh.regime)
A
tqg > L tqg < L

Oqq Oqq T . fs—l

| screening
Amed ~ 77 Q2ri Aog ~ 1 v length
Amed ~ 1 — exp[— — Qg ri] ()s: characteristic momentum

12 scale of the medium
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Resolved |ets

® medium resolves inner structure of the jet

® every resolved sub-jet = color current interacts
incoherently with the medium

Dynamical process:
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Radiation in the medium

d20' tr
:2221—2/ dt Pk, —p.t; —t) Py —q +p. by —t
10 d, g°2( )to po’qm( p.tr —t)P(ky —q+p,tp — 1)
+ dahard
X K(p_zqazap() 7t) P(q_pOat_tO) d0 )
Po

® factorization in the LPM regime
® P describes k. -broadening

® K describes (quasi-instantaneous) emission
— splitting function

2PI° (2)
0

kl2)r — \/Z(1 o Z)pg_quff
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Decoherence redux

mazj_ — k Longitudinal coherence induces a characteristic
formation time larger than mean free path

tor = )\mprcoh tor = w/qA
kbr = 1” Neoh ke = V/qw
tbr Amfp — tbr :: Landau-Pomeranchuk-Migdal effect
ind AT 2
LPM spectrum: wdl X a8£ = o gL w << W
dw thr W
oo d[ind 1
Mean energy loss: AE = / W asCrw, We = —
0

Baier, Dokshitzer, Mueller, Peigné, Schiff (1997-2000), Zakharov (1996),
Wiedemann (2000), Gyulassy, Levai, Vitev (2000), Arnold, Moore, Yaffe (2001)
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Distribution of energy in

Jeon, Moore hep-ph/0309332; Baier, Mueller, Schiff, Son hep-ph/0009237; Blaizot, lancu, Mehtar-Tani 1301.6102

Rate equation

1
Drl(e,pi L) = [ deKys (= 2puiL)
0

me L me
X [Dj d (;7pL7L) _ZD] d(xapLaL)}

as N,

GL?
E

“time’”; T

e D;(0)=6(1-x) and D4(0)=0

e probabillistic interpretation

TBH — 0.005

~ BH regularization
= Analytic (infinite length)

0.001

0.01

e turbulent flow: no intrinsic accumulation of energy

0.1

e effective In transporting sizable energy to large angles
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Jet quenching
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0.3
02| geometry
0.1 - :
N ® first step — Improvements
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Extraction of g
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Attempt at making a systematical comparison — still many caveats!

Within errors, a decreasing trend with T/collision energy — similar trend for 1/7!
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Summary: guenched |ets

® jets are excellent tools to study the QGP —
vacuum baseline under control

® nvolves dynamical processes: fragmentation —
resolution — radiation

® still many improvements to be made!
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