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Plan of the talk

» Quantum picture for Cherenkov radiation.
» Model for the chromopermittivity.

» Cherenkov radiation of quark currents.

» Cherenkov radiation of gluon currents.

» Double Cherenkov decay of gluon currents.
» Comparison with the experimental data.

» Conclusions.
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Quantum picture for Cherenkov radiation

» In the medium the dispersion relation (as seen from the
propagator's poles) for excitations changes:

1 1
2 1E Wi e(w, k)k?’

» Of special interest are the nonlinear interactions of
excitations. The leading nonlinear effect is a three-wave
interaction corresponding to the decay of a quasiparticle into
two quasiparticles

(1)

(w1, k1) = (w2, k2) @ (w3, k3). (2)
» Cherenkov radiation is a decay of a free vacuum particle into a
quasiparticle and a free particle.

» Cherenkov decay is a decay of a free vacuum particle into two
quasiparticles.
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Model for chromopermittivity

» Generically the colored medium is characterized by
chromopermittivity

£ (w, k). (3)
» We shall consider the quasiabelian case and neglect the
spatial dispersion:

sab(w, k) — 5ab5(w). (4)
» Experimental data from RHIC suggest the step-like model for
e(w) £(w)
g

ew)=e>1, w<wy (5)
e(w) =1, w> wp. (6)
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Kinematically allowed processes

There exist three processes that are kinematically allowed.

» Cherenkov radiation of the quark current

q(w1, k1) = q(w2, k2) ® g(ws3, k) (8)

» Cherenkov radiation of the gluon current

g(wi, k1) — g(wa, ko) ® &(ws, k3) 9)

» Double Cherenkov decay of the gluon current

g(wi, k1) — g(w2, ko) @ &(ws, ks) (10)
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Kinematics of Cherenkov radiation

» Cherenkov radiation can happen only for special angles
between the radiating particle and its quasiparticle successor
(Cherenkov angle)

1 e—1lw
=—|(1 — . 11
cos NG < + 5 E> (11)
» Restriction on w/E:
w 2
=< . 12
E " e+1 (12)
» For the radiation of the gluon current we have E > wy.
> When the energy of the initial particle E > ‘/_Hwo, the

energy of the emitted Cherenkov gluon is bounded by wq. For
the gluon current we have an additional restriction
w< E— wo-
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Kinematics of double Cherenkov decay

> In the case of the double Cherenkov decay the angle between
the gluon and its quasiparticle successor with the energy w is

e—1E
cosf) = /e — —
2\/e w

» This decay angle also leads to the restrictions on the energy of
the emitted Cherenkov gluons

(13)

L ! <Y< = + L (14)
2 2y E "2 2\
» The double Cherenkov decay can occur for the energies of the
initial gluon wp < E < 2wy.
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Calculation of the spectrum

» Basic radiation spectrum

P(W|E)ZWV(W|E):%/dnf5<w—%>% S mE.

ij,k=1,2
(15)

> After integration

ew 1
P(W|E) = — == 2 1
(w|E) 1677522,-,,-;12‘/\4‘ (16)

» Energy losses per unit length
dE Wmax
@ _ / dwP(w|E), (17)
dl 0
where wmax is the maximum energy of Cherenkov gluon
allowed by the kinematics of the process.
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Cherenkov radiation of the quark current

|
|
|
>
p p—qg ' p—q p

» The corresponding differential decay rate for this process is

NZ—1 1 w  e41dw?
Vg—qz(W|E) = as ;NC <1_E> <1_E+TE>

(18)
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Angular differential energy flow and energy losses for the

quark current
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Figure: e =5, wg = 3 GeV
and E = 10 GeV Figure: € =5, wg = 3 GeV
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Cherenkov radiation of gluon current

2
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Angular differential energy flow and energy losses for the

gluon current
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Figure: e =5, wg = 3 GeV
and E = 10 GeV Figure: e =5, wg =3 GeV
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Cherenkov decay of gluon current

p pP—q p—q D

The corresponding differential decay rate for this process is

ash, e—1E\?
TeosawlE) = 255 |1 (VE- 527) (20)
w? - e—1 1 2 \°
1+e2 + B o1
TRt a et 22 1-2 12
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Angular differential energy flow and the lifetime of the

gluon through double Cherenkov decay
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Figure: e =5, wg = 3 GeV
and E =5 GeV. Figure: e =5, wg = 3 GeV.

» For the energy of the initial particle E =5 GeV the energy
losses are about 35 GeV/fm.
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Experimental data on two-particle azimuthal correlations

STAR Collaboration, arXiv:1004.2377
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Conclusions

» Quantum Cherenkov radiation of gluon current computed.

» For quark currents the only available decay channel is the
single Cherenkov decay.

» A new mechanism for energy losses is introduced (double
Cherenkov decay).

» For incident gluons with energy in the interval wy < E < 2wyq
the leading contribution to the energy loss comes from the
double Cherenkov decay. In the domain E > 2wq the
Cherenkov radiation is the only contributing process.

» Qualitative agreement with the experimental data at RHIC is
obtained, where the pattern of angular correlations
corresponds to two peaks around the direction of propagation
of the decaying gluon.
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