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“Jets” in heavy-ion collisions

 High (transverse) momentum particle in a QGP.

 Jet(?) in a QGP.

 Why am I using quotes and/or question marks.



[…]

…
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Jets in heavy-ion collisions



[…]

…

(unfortunately, effect overestimated by a factor ≈100)
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Jets in heavy-ion collisions
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Jets in heavy-ion collisions

Experimentally, the first step in a jet study is the measurement of 
the yield / production cross-section of high-pT particles.
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Jets in heavy-ion collisions
High-pT particles

Experimentally, the first step in a jet study is the measurement of 
the yield / production cross-section of high-pT particles.



“Jet quenching”: basic picture
A fast parton propagating through a dense medium will “lose” part of 
its energy-momentum. 
(cf. energy loss of electrically charged particles in matter: Bethe-Bloch formula…)
The resulting yield of high-pT particles is reduced: “jet quenching”.

in vacuum in medium
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“radiative” process (Bremsstrahlung) “collisional” process

Jet quenching: underlying processes

Two different processes lead to the loss of energy by a fast parton:

also “in vacuum” (DGLAP evolution), 
yet modified by the presence of a 

(colored) medium
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“radiative” process (Bremsstrahlung) “collisional” process

Jet quenching: underlying processes

Two different processes lead to the loss of energy by a fast parton:
elasticinelastic

also “in vacuum” (DGLAP evolution), 
yet modified by the presence of a 

(colored) medium
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The propagating high-pT parton traverses a thick target.

Jet quenching: coherent gluonstrahlung
Landau-Pomeranchuk-Migdal effect: Multiple soft scattering limit

It radiates soft gluons, which scatter coherently on independent color 
charges in the medium, resulting in a medium-modified gluon spectrum.

    transport coefficient   
Baier, Dokshitzer, Mueller, Peigné, Schiff (BDMPS); Zakharov

q̂
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Ncoll uncertainty
uncertainty on
pp-normalization1

Ncoll

d2NAA
dpT dy

d2Npp

dpT dy

≡

“Jet quenching”: experimental findings
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PHENIX Collaboration 2008

The yield of high-pT hadrons is reduced by 80% in Au-Au collisions!



“Jet quenching”: experimental findings
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STAR Coll. 2003Jet-like correlations disappear in Au-Au collisions.
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Jets in heavy-ion collisions

After a while, our experimental friends know their detectors better, 
they have accumulated more statistics... so they want to turn to 
studying full jets.



Jets “in vacuum”:
Ye big Booke of pQCD

(especially for jet calculus)

available @ http://www.lpthe.jussieu.fr/~yuri/BPQCD/cover.html
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http://www.lpthe.jussieu.fr/~yuri/BPQCD/cover.html
http://www.lpthe.jussieu.fr/~yuri/BPQCD/cover.html


Main ingredients: 
 Resummation of double- and single-logarithms in       and         ;

 Takes into account the running of     along the parton shower 
evolution; 

 Probabilistic interpretation (results from intra-jet colour coherence):
 independent successive branchings        ,        ,       ;
 with angular ordering of the sequential parton decays: 

 Includes in a systematic way next-to-leading-order corrections.

ln
1
x

αs

g→gg g→qq̄ q→qg

at each step in the evolution,
the angle between father and
offspring partons decreases.

O(
√

αs) !

MLLA in one slide

ln
Ejet

Q0

Ejet

Q0
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For a 100 GeV parton:

    “hump-backed plateau”

MLLA: limiting spectrum
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For a 100 GeV parton:

    “hump-backed plateau”
hard partons soft partons

cutoff Q0

MLLA: limiting spectrum
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For a 100 GeV parton:

    “hump-backed plateau”

ln
1
x

=
YΘ

2

(
1 + a

√
αs

8πNc

)
maximum multiplicity for

most 
particles
sit here

Note: the hump is dominated by the singular parts of the        .Pji(z)

hard partons soft partons

cutoff Q0

MLLA: limiting spectrum
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LO splitting function



MLLA: a success!

TASSO Collaboration, Z. Phys. C 47 (1990) 187
OPAL Collaboration, Phys. Lett. B 247 (1990) 617 (includes comparison with MLLA)
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MLLA: a success!

TASSO Collaboration, Z. Phys. C 47 (1990) 187
OPAL Collaboration, Phys. Lett. B 247 (1990) 617 (includes comparison with MLLA)

x = 0.01x = 0.1
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“Jets” in heavy-ion collisions
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2(1 + fmed)

z
− 2 + z

]

Modeling the medium influence:
a suggestion

 The hump of the limiting spectrum is mostly due to the singular 
parts of the splitting functions.
 In medium, the emission of a soft gluons by a fast parton increases.

    One can model medium-induced effects by modifying the parton 
splitting functions         and especially their singular    parts:Pji(z)

fmed > 0 ⇒ Bremsstrahlung increases

and so on.
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Idea: put the emphasis on energy conservation at each step of the 
shower. 

NB & U.Wiedemann, 2005



Medium-modified splitting functions vs.
the “usual” approach to jet quenching

“My” constant       : irrealistic, but allows analytical computations, to 
check (future) Monte-Carlo cascades.

fmed

(…)

N.Borghini — 17/24Quantum fields in extreme environments, Saclay-Paris, April 23-25, 2009



Medium-modified hump-backed plateau
inclusive longitudinal distribution

Partons are redistributed from large x to small x.
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NB & Wiedemann, 2005
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“Medium-modified MLLA”
angular distribution: “jet broadening”

NB 2009
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“Medium-modified MLLA”

NB 2009

transverse momentum distribution: “jet softening”



“Medium-modified MLLA”

What have I been doing???
 I am messing up with the splitting functions...

usual sum rules no longer hold.
Yes, but with more realistic modifications....

 I have silently imported into my QCD-inspired(?) model the nice 
features of MLLA that are rigorously proven in QCD...

color coherence is an essential ingredient, which ensures angular 
ordering and the independence of successive branchings; is it 
preserved in a colored medium?

Well,...

 I am distorting a parton shower / jet, which I implicitly treat as an 
isolated object...

is this licit?
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Does it all make sense?
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not obvious already in e+e-/pp collisions!-



Note: Zapp, Stachel & Wiedemann (2008) are being careful.
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The independence of successive branchings is not granted!
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“The devil is in the details!” (Barbara Jacak)
(see e.g. STAR’s jet-like correlations of slide 9: pp data are “pedestal-subtracted”; 

                                 Au-Au are “pedestal and v2-subtracted”)
+ first (and certainly not last) attempts are extracting “full jets” in 
nucleus-nucleus collisions (using cone / kt-algorithms; γ+jet).

This is also true on the theory side!
What a given theorist calls a “jet” in the medium might not be the 
same object as what his/her neighbor considers:

emphasis put on different, maybe incompatible physics (color flow, 
energy conservation...);

Is the subfield already mature enough to think of some common jet 
definition?
(Remember that it took till 1990 to come to the Snowmass Standard.)

“Jets” in heavy-ion collisions



Larry & Jean-Paul,
please keep on forcing us 

to question what we are doing!
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Several important properties that should be met by a jet definition are 

 Simple to implement in an experimental analysis.

 Simple to implement in the theoretical computation.

 Defined at any order of perturbation theory.

 Yields finite cross section at any order of perturbation theory.

 Yields a cross section that is relatively insensitive to hadronization.

Snowmass Accord


