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INTRODUCTION

COLLECTIVE EFFECTS IN AA-COLLISIONS

J/W-suppression, v, jet quenching, Cherenkov
gluons etc

QGP — sQGP — liquid — pQCD — classical
solutions of in-vacuum eqs — hydrodynamics

collective excitations — external current — nuclear
permittivity (QED analogy) — gluodynamics

classical lowest order solutions — Cherenkov gluons
as quasiparticles=quanta of medium excitations

experimental data
rest system — impact on experimental installations
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EQUATIONS OF IN-VACUUM GLUODYNAMICS

Classical in-vacuum Yang-Mills equations
D.F" = J,
= O'AY — OV A — ig|AF, A,
- ’g[A,ua ']7 Jy(pa )
In the covariant gauge 0,A" = 0 they are
OA" = J' + ig[A,, 8" A" + F],

where [ is the d’'Alembertian operator.
Classical gluon field=solution of Abelian problem;
no real gluons produced, i.e. no radiation in forward
light-cone in lowest order



Chromoelectric and chromomagnetic fields

Et = FH,
BH = _leuij,:ij.
2
For gauge potentials in vector notations
OA
E,= —gradd, — ata + gfapc Ap P,

1
B, = curlA, — ngabc[AbAC].
Equations of motion in vector form

divE, — gfabcAbEc = Pa,

OE, .
curlB, — E - gf;bc(q)bEc + [AbBC]) = Ja



IN-MEDIUM ELECTRODYNAMICS

O*A .

AA—Gﬁ = —J,
2

(AP — ea cb) = —

The permittivity = the matter response to
the induced fields due to internal current
sources in the medium.

(p,J) - external current sources.

Lorentz gauge condition is

divA + 68—(') =0.
ot

N.B.! - RADIATION for ¢ # 1.



IN-MEDIUM GLUODYNAMICS

|.D., Eur. Phys. J. C 56 (2008) 81; arXiv:0802.4022

1. Introduce the nuclear permittivity, denote

it also by e.
2. Replace E, by ¢E,.

For fields

€(divE, — gfancApEc) = pa,

OE,
ot

curlB, — ¢ — gapc(ePpE. + [ApB(]) = ja-



For potentials

O%A, . 1
nn, - B —g@bc(icurl[Ab,AcH
9 A,
A,
e (A )+ ot

1
€(Dbgradq)c - ngcmn[Ab[AmAn]] + gEfcmncbbAm(Dn)y

9%, 03
AD, — ¢ BYe = —? + gfabc(2Abgrad<Dc +
A 0] famnFip A AP
by T €y ) +g° Ib 1Pp.

A x J « g, higher order corrections o g°



Cherenkov gluons as a classical solution
Phase and coherence length

Ap = wAt — kAzcosl = kAz(7 — cosf).
v

For Cherenkov effects

cosf = 1
i
Coherence A¢ = 0 independent of Az.
Specific for Cherenkov radiation only.

The external current

j(r,t) = vp(r, t) = dwgvi(r — vt).

A (r 1) = evdD(r, t).



1 & 3, explik(r — vt)]
Pl )(r, t) = 27T26/d k 2 ckv)?

Cylindrical coordinates:
d¢ — Jo(k.r.), dk, —poles,
[ dky Jysin(ky...) — 6.

2g O(vt —z—r vVevZ—1)

Wy, )= 28 |
oY) € (vt —z)2—r?(ev? — 1)

Cone
z=vt—r Vev?—1.



Poynting vector

S, __Sw 5y:_52w.
rt e

Cherenkov angle

S2+ 82
tan? 6 = XS2 Y —ev? — 1.
The intensity
dw 1
27 1— —
g7 47Ta5/wdw( e ).

The dispersion and imaginary part of

€(w7 q) = 6]_((4}, q) + 1.62(&)7 q)
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Energy loss

dw

Y = EZ7
dl &

First order:

§(w — kvQ)v2(?
o0 (k) = 2ngQ, 2 I

AN (k) = evolM k),

4 .
B = [ el ) — kol e,
T

aw® g2 <v2(1C2) 1>

didCdw — 2m2v2C

1—ev2(? ¢

¢ =cosf, x=C(2, v =e€/e, xozel/|e|2v2,

dN® awV) _asC (1—x)vxo
dldxdw  wdldxdw =

- (x —x0)% + (vx0)?
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The nuclear permittivity

€:n2.

The refractive index of water (see Fig.).

An = Ren —1 = 27N,ReF(E,0°)/E>.

N - the density of scattering centers.
Necessary condition An > 0 or ReF(E,0°) > 0.

Hadronic amplitudes: Low energies - resonances; high
energies - experimental data+dispersion relations;
threshold.

The definition of the rest system for trigger and
non-trigger experiments.

€ can be calculated if Vlasov QCD-equation is known.
12
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Predicted experimental effects.

e Rings around the high-energy partons - non-trigger
experiments:
I.D., JETP Lett. 30 (1979) 140; Sov. J. Nucl. Phys. 33 (1981)
726.

e Rings around the low-energy partons - trigger
experiments:
.D., Nucl. Phys. A767 (2006) 233; A785 (2007) 369.
A. Majumder, X.N. Wang, Phys. Rev. C73 (2006) 172302.
V. Koch et al, Phys. Rev. Lett. 96 (2006) 172302.
I.D., M.R. Kirakosyan, A.V. Leonidov, A.V. Vinogradov,
Nucl. Phys. A 825 (2009); arXiv:0809.2472.

e The low-mass dilepton excess:
[.D., V.A. Nechitailo, Int. J. Mod. Phys. A 24 (2009) 1221;
hep-ph/0704.1081

Reviews:
I.D., Int. J. Mod. Phys. A22 (2007) 1;
I.D., Phys. Atom. Nucl. (July 2009 issue).
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THE NUCLEAR MEDIUM PROPERTIES

@ The refractive index; [n| =2 —3
@ The density of partons; N &~ 20 per nucleon

@ The energy loss of Cherenkov gluons; about 0.1 —
1 GeV/fm

@ The free path length of gluons; several fm.
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CoHy
n=1-4367

2N

6
=1-5133

F1G. 1.8. The variation of 6 with n, for two different sources of y-rays. (Cerenkov,
1937d and 1938c.)

The Figure is from the book of J. Jelley "Cherenkov radiation and
its applications 1958
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The Ag-
distribution of
particles
produced by
trigger and
companion
jets at RHIC
shows two
peaks in pp
and three
peaks in
AuAu-

collisions.
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(A. Adare et al for PHENIX collaboration, arXiv0705.3238)
Per-trigger yield versus A¢ in pp and Au-Au collisions.



The 3-particle correlations reveal clearly the ring-like
structure around the away-side jet.

3-particle Full Correlatan Function PHENIX Prefiminary

(N.N. Ajitanand for PHENIX Collaboration, nucl-ex/0609038)

Coordinate system (left) and full 3-particle correlation surface
for charged hadrons in central Au+Au collisions at RHIC.
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COMPLEX € = €1 + i€

The angular §-function — a’la BW-shape.
Using the relation of 6 with the lab angles

cosf) = |sinf cos ;| and integrating over 0, , one
gets (quite lengthy) analytical expression for the
measured (¢, )-distribution (two-hump structure!).

I.D., M.R. Kirakosyan, A.V. Leonidov, A.V. Vinogradov,
Nucl. Phys. A 825 (2009); arXiv:0809.2472

@ PYTHIA for initial partons
@ Cherenkov angular distribution of gluons
@ the gluon fragmentation function to pions (LEP)
with gaussian suppression of transverse momenta
x exp(—p2 /207 )
we get the reasonable fits of experimental data with

three parameters (€1, €, A )
20



Table 1

Experiment

emax

€1

€2

A, GeV/c

STAR

1.04 rad

5.4

0.7

0.7

PHENIX

1.27 rad
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1.1

NOTE: (62/61)2 <005«1

/N, AN/ (o)

STAR
03 "
. LN} o Simulation
. .
00 . . Experiment
.
.
. :
025 . . glzsg
: =07
5207
0% R ¢ 0! :
0, p,0.7 GeVie
015
i
010
.
.
005 K
L]
000
T T T
2 3 4 5

AN, AN/ (AD)

0010

0008

0002

0,000

PHENIX

¢ Simulation

o Experiment

690
220

p.#1,1 GeVic




COSMIC RAY EVENTS and SPS DATA

| B | ! | ]
-7 7 / z J 4 5 nr

The distribution of produced particles in the stratospheric
event (1979) at 10 eV as a function of the distance from the
collision axis (pseudorapidity) has two pronounced peaks.

SPS DATA
Ank<1

Prediction of forward rings at LHC.
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Shape-asymmetry of in-medium resonances

I.D., V.A. Nechitailo, Int. J. Mod. Phys. A 24 (2009) 1221,
arXiv: hep-ph/ 0704.1081

m? — M?
An = Ren—1=2rNReF(E,0°)/E? x "Mire(mﬁ - M?).
dNy A m% - M? 2 2
= 1w f(m? - M
dM (mg _ /\/12)2 + M2r2 ( +w YTs (mp )

M is the total c.m.s. energy of two colliding objects (the
dilepton mass), m,=775 MeV is the in-vacuum p-meson mass.
The second term is proportional to ReF(E,0°).

Universal prediction for ALL in-medium resonances!
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Excess dilepton mass spectrum in semi-central In-In collisions
at 158 AGeV (dots - NA60 data) compared to the in-medium
p-meson peak with additional Cherenkov effect (dashed line).
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