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Jet parton showers
in the medium

Jet quenchingmodelled bymedium-induced
successive emission of independentsoft gluons
by afast parton

ω
E’

E
⇒ spectrum ofradiated energyper unitlength:

ω dI

dω dℓ

Novel features of the approach presented here:

Primary and secondary partonsplittingstreated equally

Energy-momentum conserved at eachsplitting

we implement this as amedium-induced modification of

ModifiedLeadingLogarithmicApproximation

N.B. & U.A. Wiedemann,hep-ph/0506218
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MLLA : main ingredients

Resummation of double- and single-logarithms inln
1

x
andln

Ejet

Λeff

Intra-jet colour coherence:

independent successivebranchingsg→gg, g→qq̄, q→qg

with angular ordering of the sequential partondecays:

at each step in the evolution, the
angle between father and offspring
partonsdecreases

Includes in a systematic way next-to-leading-order corrections
O(

√

αs(τ)) !

Hadronization through “Local Parton-Hadron Duality” (LPHD)
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MLLA :
generating functional

Central object : generating functionalZi[Q,Θ;u(k)]

generates the variouscross sections(→ ggg, → ggqq̄. . . ) for ajet
coming from apartoni (= g, q, q̄) with energyQ in a cone of angleΘ

Zi[Q,Θ;u(k)] = e−wi(Q,Θ) u(Q)

+
∑

j

∫ Θ dΘ′

Θ′

∫ 1

0
dz ewi(Q,Θ′)−wi(Q,Θ) αs(k⊥)

2π

×Pji(z)Zj [zQ,Θ′;u]Zk[(1 − z)Q,Θ′;u]

i

j

k

Q
zQ

(1-z)Q
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MLLA: limiting spectrum

The parton distribution in ajet with “energy” τ ≡ ln
Q

Λeff
is given by

HHY
infrared cutoffD̄i(x, τ ) ≡ Q

δ

δu(xQ)
Zi[τ ;u(k)]

∣

∣

∣

u≡1

“Limiting spectrum”:

D̄lim(x, τ ,Λeff) =
4Ncτ

bB(B + 1)

∫ ǫ+i∞

ǫ−i∞

dν

2πi
x−νΦ(−A+B+1, B+2;−ντ )

with

A ≡
4Nc

bν
, B ≡

a

b
, a ≡

11

3
Nc+

2Nf

3N2
c

, b ≡
11

3
Nc−

2

3
Nf
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MLLA: limiting spectrum

1 2 3 4 5 6
lnJ 1�����

x
N

1
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6

dN
����������������������������

d ln H1� xL Limiting spectrumHfor a 100 GeV jetL

“Hump-backed plateau”

Note: hump dominated by thesingular parts(1
z
, 1

1−z
) of thePji(z)
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MLLA: limiting spectrum
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dN
����������������������������

d ln H1� xL Limiting spectrumHfor a 100 GeV jetL

hard partons soft partons

HHj
cutoff Λeff

most particles are here

� maximum multiplicity for
ln 1

x
=

τ

2

(

1 + a
√

αs

8πNc

)

“Hump-backed plateau”

Note: hump dominated by thesingular parts(1
z
, 1

1−z
) of thePji(z)

N. BORGHINI, Multiplicity distributions for jet parton showers in the medium – p.6/15



Hot Quarks, Villasimius, May 19, 2006

MLLA vs.e+
e
− data
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® charged hadrons

TASSO
�!!!

s =14 GeV

OPAL
�!!!

s =91 GeV

N
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MLLA vs.e+
e
− data
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����������������������������

d ln H1� xL e+e-
® charged hadrons

TASSO
�!!!

s =14 GeV

OPAL
�!!!

s =91 GeV

MLLA Kh
=1.28

MLLA Kh
=1.46

Λeff = 253 MeV

D̄h(x, τ ,Λeff) = KhD̄lim(x, τ ,Λeff)

Good description in both RHIC and LHC regimes!
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Influence of themedium:
a possibility

The hump of thelimiting spectrumis mostly due to the singular
parts of thesplitting functions

In medium, the emission ofsoft gluonsby afast partonincreases

One can modelmedium-induced effects by modifying the parton
splitting functionsPji(z). . .

(see e.g. Guo & Wang, PRL85 (2000) 3591)

. . . and especially theirsingular parts:

Pqq(z) =
4

3

[

2(1 + fmed)

(1 − z)+
− (1 + z)

]

fmed > 0 ⇒ Bremsstrahlungincreases
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Influence of themedium on
the parton spectrum

1 2 3 4
lnJ 1�����
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dN
����������������������������

d ln H1� xL Limiting spectra for a jet withEjet=15 GeV

in medium,fmed=0.8

in vacuum

fmed fixed to reproduceRAA redistribution ofradiated partons:

highpT (largex) → low pT (smallx)
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Medium-induced modification
of the associated multiplicity

Ideal case: photon +jet

photon givesjet energyET

Counthow manyjet particleshave a momentum larger than some
givencutP cut

T after propagating through themedium:

N (PT ≥ P cut
T )medium

For ajet in vacuum with energyET , the spectrum is known
⇒ one knows (measurement /in vacuum MLLA )

N (PT ≥ P cut
T )vacuum

CompareN (PT ≥ P cut
T )medium with N (PT ≥ P cut

T )vacuum
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Medium-induced modification
of the associated multiplicity
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, Ejet=15 GeV

In the presence of amedium, less particles forPT & 1.5 GeV
(particle excess forPT . 1.5 GeV!)
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Medium-induced modification
of the associated multiplicity
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In the presence of amedium, less particles forPT & 1.5 GeV
(particle excess forPT . 1.5 GeV!)

cf. PRL 95 (2005) 152301
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Medium-induced modification
of the associated multiplicity

2 4 6 8 10 12 14
PT

cut HGeVL
0.2

0.4

0.6

0.8

1

1.2

1.4

N  HPT ³ PT
cutLin medium

����������������������������������������������������������

N  HPT ³ PT
cutLin vacuum

Ejet=15 GeV
Ejet=100 GeV
Ejet=200 GeV

Measurement more promising at LHC:

the additionalsoft jet multiplicity can more easily be detected above
the event background
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Hadron spectra

What if thejet energyis unknown. . .

The measuredhadron spectrumis the convolution of

aparton spectrum∝ 1/(pT )n (with apT -dependentn to account
for experimental biases)

the “fragmentation function”̄Dh(x, τ)

dN

dPT

∝

∫

dx

x2

1

pT
n
D̄h(x, pT ) =

∫

dx

x2

xn

PT
n
D̄h

(

x,
PT

x

)

which can be computed withinMLLA for both ajet in vacuum and a
jet propagating through amedium

⇒ gives thenuclear modificationfactorRAA
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Nuclear modification factor

2 4 6 8 10 12 14
PT HGeVL
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RAA HPTL Nuclear modification factor in
�!!!!!!!!

sNN =200 GeV collisions

PHENIX Au-Au ® Π
0, 0–10% centrality

MLLA, fmed=0.8,n=7
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MLLA parton shower in
medium

MLLA analyticaldescription of the particle distribution within ajet

Formalism generalized to the propagation in amedium

Consistent treatment ofparton branchings
energy-momentum conservation
all branchingstreated on an equal footing

Phenomenologicalconsequences
distortion of thehump-backed plateau

largePT rangeaccessible at LHC will testQ2-dependence of
parton energy loss
multiplicity above a trigger cutoff

First step towards further studies:
Intra-jet two-particle correlations

Monte-Carlo:geometry, fmed(Q2)...
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