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QCD wall of our ignorance is still stone solid.

The Hope:

Clarity out of Mess

again . ..

High energy scattering phenomeng

-

T T T T T T T T T T TSP T T T T T T TTTT

e e e e e e e et O e e e e




QCD Jet Quenching (4/13)

L Why Nuciei? Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.



QCD Jet Quenching (4/13)

L Why Nuciei? Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.
Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..



QCD Jet Quenching (4/13)
L Why Nuclei?

Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.

Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..

A new hope: experimental

Relativistic Heavy-lon Collider (RHIC) @ BNL

Specifications:
3.83 km circumference
2 independent rings:
* 120 bunchesfring
+ 106 ns crossing time
A +Acollisions @ Vs = 200 GeV
Luminosity: 2:10% cm? s (~1.4 kHz)

p+p collisions @ 500 GeV
p+A collisions @ 200 GeV

PHOBOS (CSelonst o BRAHNS

4 experiments:
BRAHMS, PHENIX, PHOBOS, STAR

Run-1(2000):  Au+Au @ 130 GeV
Run-2 (2001-2): Au+Au, p+p @ 200 GeV
Run-3 (2002-3):  d+Au, p+p @ 200 GeV

DNP/APS Meetg, (Tucson, AZ), Oct 29, 2003

David dEntertia (Columbia Uriv.)
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QCD speaks incoherently: it mutters and stutters.

Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..

A new hope: experimental theoretical

small distances are mysteriously

emerging in multiple scattering
Specifications: [Priocos N ..., ; | environment:
3.83 km circumference = :
2 independent rings: 3
* 120 bunchesfring
* 106 ns crossing time
A +Acollisions @ Vs = 200 GeV
Luminosity: 2:10% cm? s (~1.4 kHz)

Relativistic Heavy-lon Collider (RHIC) @ BNL

@ Landau-Pomeranchuk-Midgal
medium-induced radiation

e CGC Q2 x A3

p+p collisions @ 500 GeV
p+A collisions @ 200 GeV

4 experiments:
BRAHMS, PHENIX, PHOBOS, STAR

Run-1(2000):  Au+Au @ 130 GeV
Run-2 (2001-2): Au+Au, p+p @ 200 GeV
Run-3 (2002-3):  d+Au, p+p @ 200 GeV
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L Why Nuciei? Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.
Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..

A new hope: experimental theoretical
Nuclear modification factor (z°) small fleta_nces ar.e mysterlou.sly
emerging in multiple scattering
Ny /dndpr .
Raalor) = (3TN, Tandor environment:
PHYSICAL .
— @ Landau-Pomeranchuk-Midgal
. 009 L[] Cemra\n“(ﬂm/n) it . . . .
i o medium-induced radiation
12 l muwsca"”g = e CGC Q2 x Al/3
z:: + w lASsmpressmn Large PT pion y|e|d gets strongly
o4 gee, b / suppressed in central collisions,
02, 000%0,0 4 9470
IS4 B Discovery of
0 2 4 58 10 high p, suppression
\i‘ P, (GeVic) (one of most significant
Np;n scaling results @ RHIC so far)

DNP/APS Meetg. (Tucson, AZ), Oct 29, 2003 David dEntertia (Columbia Uriv.)
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L Why Nuciei? Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.

Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..

A new hope: experimental theoretical

High p, azimuthal correlations: Jet signals in Au+Au vs p+p small distances are mySte”OUSly

emerging in multiple scattering

o dN_ /dag for ‘trigger” (p, > 4GeVic) & associated (p; = 2- 4 GeVic) charg. hadrons: .
environment:

Red histogram: p+p (+flow)

H e eiion @ Landau-Pomeranchuk-Midgal
Peﬂph:%g medium-induced radiation
£, Sopnamosooien @ CGC Q% o AY/3
come from jets.
: Large Pt pion yield gets strongly
Cemra'r%g suppressed in central collisions,
§§ - ‘\, Away-side peak: AutAu << p+p.

Back o bk s suppressed Back flowing — recoiling — jets are
in central Au+Au !
washed away . ..

T
A 0 (radians)

DNP/APS Meetg, (Tucson, AZ), Oct 29, 2003 David dEntertia (Columbia Uriv.)
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L Why Nuciei? Heavy lons, Small distances and Jets

QCD speaks incoherently: it mutters and stutters.
Those looking for Confinement hide behind bars (e.g. 48 x (24)7)
(Asymptotic) Freedom lovers wander around, wondering . ..

BUT :
High p, in d+Au (“control” experiment)
in d + A scattering
A+Aucolhsmn NOT ANYMORE

S %«
J Large Pt pion yield gets strongly

suppressed in central collisions,
initial+final-state effects) initial- state effects onl . .. .
( ) ( J Back flowing — recoiling — jets are

washed away . ..

DNP/APS Meetg, (Tucson, AZ), Oct 29, 2003 David dEntertia (Columbia Uriv.)
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L Why Nuclei? HEP—HEN Interface

Historically, the nucleus has always been a primary source of inspiration for
High Energy Particle (HEP) physics.

Gribov's paper “Interaction of photons and electrons with nuclei at high
energies’ laid a cornerstone for the concept of partons.

Diffractive phenomena in hadron-nucleus scattering, and inelastic
diffraction in particular, make a nucleus serve as a probe of the internal
structure of a hadron—projectile.

Rigorous applications of QCD to scattering in media are scarce, in the first
place because of the complexity of the problems involved.

The Landau-Pomeranchuk-Migdal effect is an example of such an
application which addresses the issue of QCD processes in media “from
the first principles” (if such a notion can be applied to QCD in its state).
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is about radiation induced by multiple scattering of a projectile in a
medium. In 1953 Landau and Pomeranchuk noticed that the energy
spectrum of photons caused by propagation of a relativistic charge in a
medium is essentially different from the Bethe-Heitler radiation pattern. A
quantitative analysis of the problem was carried out by Arkady Migdal.
Symbolically, the photon radiation intensity per unit length reads

widl ocg iE : E< £ (1)
dwdz = X\ E27tPM> E~ Epu’

Here E is the energy of the projectile, and E;pp; is the energy parameter
of the problem, built up of the quantities characterising the medium: the
mean free path of the electron A, and a typical momentum transfer in a
single scattering p :

ELPM = )\/12 . (2)
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L-LPM effect LPM effect

is about radiation induced by multiple scattering of a projectile in a
medium. In 1953 Landau and Pomeranchuk noticed that the energy
spectrum of photons caused by propagation of a relativistic charge in a
medium is essentially different from the Bethe-Heitler radiation pattern. A
quantitative analysis of the problem was carried out by Arkady Migdal.
Symbolically, the photon radiation intensity per unit length reads

widl ocg iE : f< £ (1)
dwdz = X\ E27tPM> E~ Epu’

Here E is the energy of the projectile, and E;pp; is the energy parameter
of the problem, built up of the quantities characterising the medium: the
mean free path of the electron A, and a typical momentum transfer in a
single scattering p :

ELPM = )\,u2 . (2)

In QED the parameter E; pps ~ 10* GeV, which explains why it took four
decades to experimentally verify the LPM phenomenon (SLAC 1995).
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distribution is proportional to dw//w.
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L LM effct comparing with BH

The LPM spectrum should be compared with the Bethe—Heitler formula

dl «
wdw dz X 2 (3)

— independent photon emission at each successive scattering act.
Contrary to BH, the LPM spectrum is free from an "“infrared catastrophe”:
small photon frequencies are relatively suppressed, so that the energy
distribution is proportional to dw/+/w. Integrating over photon energy

(w < E in the E — oo limit), one deduces the radiative energy loss per
unit length to be proportional to vE,

_dE o

7 XV EEipm - (4)
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Gluon formation time: w
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t
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Gluon formation time:
t = —.
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Equating the two expressions for t,
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L LPM effect LPM on the back of envelope

"Brownian kicks" of the to-be-radiated gluon:

t
kizﬂz‘,vcoh:ﬂz'x;
Gluon formation time: w
t= —.
2
ki

Equating the two expressions for t,
Jw p? Ak?
w o w
k2 ~ = t=—=; Neoh = —-
1 )\ ,LL2 coh )\Hz

wdl Qg 1 Qs ELPIVI

dodz SN Negy AV W

Finite Medium

Thus,

112
ct<L — w<wmaX:7L2
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L LpM effect "collisions” or " participants” ?

Inclusive spectrum of medium-induced gluon radiation:

A A

wdn as [L 12\
w

L
—_—, PPN < w < PP [] 2

The number of collisions of the projectile, nc = L/

YA 2In n¢ n

Coherent radiation = “Participant” scaling
Transition region, down to “Collision” scaling;
occupies finite rapidity range (fragmentation of the nucleus)
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L LpM effect transport coefficient

The only (non-perturbative) parameter of the problem, characterising the
medium — transport coefficient

2 [B72 d
N B 2 ~2 90 2 2 -2 _ 2
a=5 —p/ dQQsz, Pt QLB 1

>~

Hence, for L large enough stays under perturbative control !
To extract from experiment a large § — to observe a new "hot" state of
quark—gluon matter as compared to a "cold” nucleus.

Handle on g in cold nuclei — for example, medium effects in Drell-Yan
pair production, DIS on nuclei [Francois Arleo]

Expectation:
grnot ~ 10—30 gcoLp
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L-LPM effect

What to expect

Medium induced radiation should lead to
@ softening of particle spectra in a jet muddling thru medium,
@ increase of (soft) particle multiplicity, due to particles with

@ specific relation btw energy and emission angle

—

Jet Quenching
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L Quenching Basic elements

Production of a particle / jet with large transverse momentum
— a rare process, with the cross section fast falling with p; . Therefore, jet
evolution (including medium induced radiation) are subject to trigger bias !

Main message:

typical characteristics of medium induced radiation are not applicable to
describing jet quenching because radiation is far from typical due to event
selection (bias effect). This applies, in particular, to the idea of rescaling
of longitudinal energy fraction

Moreover.

Whatch out what theorists are using for the mean energy loss, AE.

The issue unfortunately contaminated by the error, which was once made
and later found impossible to stop from propagating

[no quenching in publishing wrong papers|
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L conctusions Résumé.  C'est ne que le début

There is no Conclusions as yet.

Listen to what the experts have to say today.

Stay alert and critically minded
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