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ABSTRACT: It is known that the linearly polarized photons can partly transform to cir-
cularly polarized ones via forward Compton scattering in a background such as the ex-
ternal magnetic field or noncommutative space time. Based on this fact we explore
the effects of the NC-background on the scattering of a linearly polarized laser beam
from an intense beam of charged leptons. We show that for a muon/electron beam flux
Epe ~ 10'2/10'° TeV em =2 sec™! and a linearly polarized laser beam with energy k% ~1eV
and average power P =~ 103 KW, the generation rate of circularly polarized photons is
about R, ~ 10%/sec for noncommutative energy scale Axc ~ 10 TeV. This is fairly large
and can grow for more intense beams in near future.
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1 Introduction

The Compton scattering is one of the most important scattering in physics particularly
in the cosmology, astrophysics and astro-particle physics. Although this scattering can be
the main source to generate a linear polarized wave, it cannot generate circular polarized
wave. In general, the Stokes parameter V' which shows the amount of circular polarization
of radiation is a pseudo-scalar quantity. Meanwhile, the Compton scattering of photons
from unpolarized electrons is a parity invariant interaction. Consequently, for the primary
photons without any circular polarization such a process can not lead to a nonzero circular
polarization for the scattered photons because V as a pseudo-scalar quantity cannot be
formed from a combination of vectors and scalars [1] [also see [2-7]]. In fact, there is no
many ways to generate circular polarization in a scattering process in the QED. Therefore,
any experiment including the measurement of circular polarization can provide a way to
understand more accurately the physics of scattering. Moreover, the linear polarization of a
radiation may be converted to the circular polarization under the formalism of generalized
Faraday rotation so-called Faraday conversion [8, 9]. The evolution of the Stokes parameter
V in this mechanism can be obtained as [10]

dAg¢rc

V=2U
dt ’

(1.1)

where A¢rc is the Faraday conversion phase shift and Stokes parameter U indicates lin-
ear polarization. It is shown that in the presence of a background field such as Non-
commutativity (NC) in space-time or external magnetic field, the generation of circular



polarization by the Compton scattering is possible [11]. Meanwhile, it is recently shown
that the photons of a linearly polarized laser beam can acquire circular or B-mode linear
polarization by scattering off active neutrinos via a parity violation process. This phe-
nomenon can possibly be used to understand the nature of neutrinos (Dirac or Majorana),
to detect the fluxes of Cosmic Neutrino Background [12-14] and to gain some insight into
the physics of active and light sterile neutrino oscillations [15]. Here we would like to
consider NC-space as a nontrivial background to explore the polarization of photons in
the Compton scattering. The NC field theory and its phenomenological aspects have been
considered for many years without any sign in nature [17-26, 28, 29]. The NC space-time
which is predicted in the string theory should have a scale Anc of the order of the Planck
scale. Nevertheless, it is believed that Axc like the other new physics scales may has some
impact at the TeV scale.

Constraints on noncommutative scale Axc come from different experiments. For in-
stance recently cosmological lower bound on noncommutative scale were derived by Planck
data for CMB Anc > 20TeV [27]. The bound from Lamb shift in the hydrogen atom is
in the range of Axc > 0.1-1.5TeV [16, 17]. Besides, by comparing the Lorentz violating
terms in the Higgs sector with the standard model extension the lower bound on noncom-
mutative scale is obtained Axc > 10° TeV [22]. To this end we consider those experiments
which are based on the laser technologies. As in the Compton scattering in the NC-space
the photons with the linear polarization transform partly to circularly polarized photons
with a rate proportional to the NC-parameter, number of photons per pulse and the flux of
fermions, one expects the enhancement of the rate of generation of the circular polarization
with the intensities. Usually pulsed intense laser beams are designed for a wide-ranging
experimental program in fundamental physics and advanced applications.

During the last 40 years, intensities of laser facilities have been increased from a few
KW cm ™2 to upper than 1022 W cm ™2 such as the European Extreme Light Infrastructure
(ELI) [30], the French Apollon laser [31], the Russian XCELS [32], the U.K. VULCAN
laser [33] and the Astra-Gemini at RAL-CLF [34]. Besides the intensity, the average power
of a laser is an important parameter. In recent years the leaser average powers are about
a few watts which are higher than the range of tens of milliwatts to watts for the average
powers of ruby lasers in the early 1960s. However, recently some progress has been made to
improved the average power of ultrafast lasers [35], for instance see [36-39]. Furthermore,
the Compton back scattering has been also considered since 1980s to produce photon
beams. In this framework the Compton scattering of laser photons in the eV energy range
with the high energy electrons in the range E ~ O(100 GeV), can produce a tight bunch of
back scattered high energy photons [40-42]. Currently, there are gamma ray sources in the
MeV range including machines at the LAL, the LUCX [43], ThomX [44] and the Compton
backscattering at ATF [45].

In this work, we consider the forward Compton scattering through the collision of
photons in a laser beam with an intense and high energy muon/electron beam in the
noncommutative space to examine the generation of circular polarization. Consequently,
we calculate the generation rate of the circularly polarized photons R, to explore the
possibility of discovering the NC effects in different energy scales. It is clear to obtain a



large value for R, to be measurable in lab, one needs intense muon/electron and laser
beams. Therefore, an accelerator that can produce ultra-intense beams of muons and even
electrons provides opportunities to discover the NC effect.

It should be noted that such intense lasers considering in this study can have nonlinear
effects on the Compton scattering in the QED framework [3, 4] and consequently in the
NCQED [5]. As it is already mentioned the unpolarized nonlinear Compton scattering
in the ordinary QED cannot convert the linear polarization to the circular one due to its
parity invariance. Nevertheless, the NCQED doesn’t respect the parity symmetry therefore
both the unpolarized linear and nonlinear Compton scattering through the NCQED can
generate circular polarization from a linear one. But such intensities considered in this
study for photon and fermion beams are low, so that nonlinear effects of NCQED can be
safely neglected [5].

In section 2 we review the Stokes parameters and Boltzmann equation formalism. In
section 3 the noncommutative standard model (NCSM) is briefly explained and the time
evolution of the Stokes parameters related to the Compton scattering in NCSM is discussed.
In section 4 we study the effect of space-time Noncommutativity on the collision of a laser
beam with an ultra-intense beam of muon/electron. In section 5 we give an estimation
on the generation rate of the circular polarization in such interactions. In section 6 some
concluding remarks are given.

2 Stokes parameters and Boltzmann equation

Laser beam polarization can be characterized by four known Stokes parameters which are
I the total intensity of the beam, () and U the linear polarization of the radiation and V
the difference between positive and negative circular polarization. Moreover, the density
operator of an ensemble of photons in terms of the Stokes parameters is defined as follows

P= it [ 0050 pzi(éifﬁ:g) 1
where
I = p11 + poo, (2.2)
Q = p11 — p22, (2.3)
U = p12 + pa, (2.4)
V =i(p12 — p21)- (2.5)
pij (k) is the general density-matrix which is related to the photon number operator D?j(k)

= a;r(k)aj(k) where a;r(k) and a;(k) are photon creation and annihilation operators. The

expectation value of the number operator is defined as

(D (k) = tr[pDy (k)] = (2m)°6%(0)(2k°) pij (k). (2.6)
The time evolution of the operator D?j(k), considered in the Heisenberg picture, is
d .



here H is the full Hamiltonian. Meanwhile, the time evolution equation for the density
matrix up to the first order of the interacting Hamiltonian HY(t) for photons can be
written as

(2 5(0)(2k) G5 () = #[H}(0), D)) — 5 [ ar([E3(0), [HP0), DY0]]). (29

2
where the first term on the right-hand side is a forward scattering term, and the second one
is a higher order collision term, usual scattering cross section. The leading-order interacting
Hamiltonian for photon-charged fermion is generally given by [46]

Hj = / dadq'dpdp’ (27)*6°(q' +p' — p — q) x explit(¢” +p° - ¢" = p°)] |bl.al, (M)asbr] :

(2.9)

where M is the amplitude of scattering matrix, bl, (k) and b,(k) are charged fermion

creation and annihilation operators and dq = (53739'3% and dp = (2:)373‘;#), with the same
relations for dq’ and dp’, respectively.

The operator expectation values are given as a function of number density of fermions

per unit volume, n¢(q), where q denotes the momentum of fermions [46]. Then the energy

density and pressure of fermions are defined as

d3q d3q q2
ef(x) = gf/(271-)3 q° nf(x,q), Py = gf/ 2n)? ZL(LOnf(X’ q), (2.10)

with gy shows the number of spin states or degrees of freedom.

3 Time evolution of Stokes parameters vs. NC forward photon-fermion
scattering

In this section we explore the time evolution of the Stokes parameters via the forward
photon-fermion scattering in the NC standard model. The noncommutative version of
standard model is introduced by two different approaches. In the first approach which is
based on the “Seiberg-Witten” maps, the symmetry group, number of gauge fields and
particles are the same as the ordinary standard model [47]. Meanwhile, in the second
approach the gauge group is U(3) x U(2) x U(1) which can be reduced to the standard
model gauge group through appropriate symmetry breaking [48, 49]. Here we follow the
first approach to do our calculations.

In the both versions of the noncommutative standard model, the ordinary coordinates
convert to the noncommutative operators with a canonical form as

1

5
NC

[, Y] = i0" o i

(3.1)

1
|0+

scale of energy. Also in the both version, Moyal-star product realization of the algebra are

is the noncommutative

where 0 is the parameter of noncommutativity and Axc =

considered. The noncommutative parameter, 0*”, can be usually divided into two parts:
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Figure 1. Compton scattering in NC standard model.

the time-space component #° and the space-space component 6% where 4, k = 1,2, 3.
The NC scale for the space-space and the time-space parts can be defined as [50]:

QU — = 0l — _—_ijky 9

5 A%sg s (3:2)

where @' and ¢ refer to fixed direction in space. Although the time-space component

of the NC parameter has some problems with the unitarity, the quantum mechanics can
become unitary in some cases for the time-like part of NC-parameter too [51, 52].

In the both approaches besides the corrections on the usual vertices new couplings also
appear in comparison with the ordinary standard model.

Using the NCSM based on the “Seiberg-Witten” maps (first approach) [53], photon
and charged fermion scattering can be described, up to the lowest order of NC-parameter,
by the Feynman diagrams given in figure 1. In the QED part of the NCSM, the photon-
fermion vertex ff~ up to the first order of 6 is obtained as [53]

/
Au(k)
/
. i,
ieQf |m— 5k (OMVppfn—QWmf) =

2
ile M + %le [(pout -0 - pin)’Yu - (poute),u(pin - mf) - (pout - mf)(epin)u] s
(3.3)

note that we define A-0-B = A, 0" B,, and also two photons can directly couple to two



fermions in the NC space-time as follows [53]

f A/L (p/)
f Ay (p)
22
462 Qf Q,uzzp (p/p - pp) > (3'4)

where photons momenta are taken to be incoming and %7 is a totally antisymmetric
quantity which is defined as

gHVP — H/W,yp + QVP,YM + QPHVV . (35)

Now we are ready to examine the time evolution of the Stokes parameters for photon-
fermion scattering in NCQED. It can be shown that the last diagram has not any con-
tribution to the time derivative of circular polarization [54]. For the remaining diagrams
given in figure 1 and using (2.9) one can find:

62Q2
§(17(0). D1500)) = =5 (20?50 [ dany(x,0)Gisper (6) = Gipis10)
<) { g [0 0) (K )8+ £ (0~ K+ 0 )K)

@ Bca(k) (o (B) K + g K4 K~ K+ ) ()]

e (k) - 0 €k — k- 0 €s()far () + K- 0 € ()¢, (k)] }ur@,
(3.6)

and consequently one has

d ie*Q%
vk = ——
( ) 4 my kO

dt /dq”f(X>Q)[(q'9'€1 Ga—q-0-eqe)UK  (37)
_<q~9-62q-61+q.6.€1q.EQ)Q(k)]'

Using the matrix elements of the density operator and assuming #% = 0, the time variation
of V' in NC space can be cast into:

T 2 =
3o mg Ey

= 1—— —_—
da kO A%q gy

V (k) (CQ + DU), (3.8)
where
C = —£* iy, (613‘ g€+ € Q'€1)7

D = eijkcjz- g, (Elj q-€1— €; @'62)7 (3.9)



and v2 Ags ~ Axc, § = % is the direction of fermion beam, m, is the mass of electron,
o1 is Thomson cross section, a = e?/4m and & ¢ is the energy density of fermion beam.
One should note that the usual cross section for the Compton scattering in the NC-space

ONC ~ goﬂs /A [55] is too small in comparison with the order of magnitude of the forward

2
scattering term which is obtained in (3.8) as Knc = %% 1z=. In fact for s = (B2 +ko)? ~
NC

1TeV? where Ej is the energy of leptons and for Axc ~ 1 TeV one can easily find
4 N

HNC/O’NC = a? ~ 103, (310)

which shows onc can be ignored in calculation for the Faraday conversion phase shift.
In the laboratory frame, we set the laser-photon momentum k in the 2-direction (the
direction of incident laser beam), then the polarization vectors are defined as:

e1(k) = z, ea(k) = 1. (3.11)

We may also consider the direction of muon beam, ¢ in the x — z plane, § = sin 041+ cos «93/%,
then for the space-like component of noncommutative parameter one has

A T m? &r(x,q in 26,
Agb _ Vv ~ § g - 77;@ €f<x7q>At (Sln 0 —sin2 95) .5
2Q0  B8ak’ Ay 9y 2
TeV\? (&4(x,q in 20,
~ 43 % 10-%em? ( LV (DY pp (120 oap ) 549
Anc 0 2

where At is the time interval of the laser beam interacting with the charged lepton beam.

4 Charged lepton beams

In the previous section we found how the circular polarization of photons depend on the
beam parameters in the NC-space. Before calculating the Faraday conversion in fermion-
photon scattering we briefly introduce the present available charged lepton beams. The
charged particles suffering energy lost as the synchrotron radiation during the acceleration.
However, for a particle with mass m and beam energy E in circular motion with radius
R, the energy loss per revolution is given by AFE « %(%)4 which is smaller for a larger
radius or for a more massive particle. Therefore, accelerating the electron as the lightest
charged particle to very high energy is a difficult task in the circular collider. In the LEP
experiment, electrons were accelerated up to £ = 100GeV [56]. Meanwhile, in a linear
collider such as an International Linear Collider(ILC) one can reach to higher energies
about £ = 1TeV or even more.

Furthermore, in laser-plasma accelerators, electron can be accelerated to energies from
hundreds of MeV [57-59] to multi-GeV energies [60, 61].

Muon as the 2nd lightest charged particle in nature but not stable, is almost 200
times more massive than the electron. In fact, the muon mean lifetime is very short about
~ 2.2 us, but enough to provide an intense beam which can be accelerated to high energy.
However, pion decay can be usually used as a source for the muon production via 7+ —



pt+v, and 7 — p~ 4 0,. Meanwhile, colliding high energy protons with nuclei produce
pions through interactions such as: p+p — p+n+7" and p+n — n+n+r" for the proton
energies more than 400 MeV and the double pion productionin p+p = p+p+7t + 7~
at the larger energies. According to the momentum of the generated muon beam they
are called “decay muon beam” or “surface muon beam”. The first type of muon beam is
about 80 percent polarized and have momentum from 40 to several hundreds of MeV /c.
Such muon beams are available at PSI, TRIUMF, J-PARC'! and RIKEN-RAL. The second
one is often known as surface or Arizona beam [62, 63] that is 100 percent polarized and
monochromatic and has kinetic energy 4.1 MeV. Such muon beams are available at PSI,?
TRIUMF, J-PARC, ISIS and RIKEN-RAL.

Besides, very low energy muon beams (ultra slow muons with energy at eV-KeV range)
can be generated by reducing the energy of an Arizona beam [64] which is available in the
PSI while the High-intensity low-energy muon beam is developing in J-PARC. Recently a
multi-TeV Muon Collider, so called “Muon accelerator program” (MAP), has been planed.
The purpose of this program is to develop the concepts and technologies required for the
Muon Collider and Neutrino Factories [65, 66].

5 Faraday conversion in Photon-Fermion beam interaction on N spa-
ce-time

For a typical muon beam with the number of muon per bunch ~ 10'2, the energy range
E, ~q| ~1GeV-1TeV, the size of beam in the interaction region ~ 1cm and the bunch
length about ~ 1cm, one can estimate an average energy of flux per bunch as

£,(x,qQ) ~ |a| n,(x,q)c ~ 1012 TeV/(cm?s). (5.1)

This type of muon beam has an angle divergence about 6giy ~ m,/E, which is negligible
in the high energy muon beam accelerator which is the case for example in the MAP
experiment [65, 66]. To find the Faraday conversion for instance in Photon-Muon beams
interaction we have for the interacting spot a spatial interval Ad ~ 2Ry 4+ dfg;y ~ 1cm
where d is the distance between muon beam and interaction spot with laser beam and a
temporal interval of the order of At ~ Ad/c ~ 107! section Therefore, for a laser beam
with energy of photons about kg ~ 1€V the eq. (3.12) for the conversion A¢|, 5 leads to

1TeV 2 g At oV
A ~ 10722 1 VY Lo ,
(b‘“B ( Axc ) (1012 TeV cm—2 s—1> <10—1OS> </€0> sm” G5, (5.2)

where sin? f, ~ 1 when the laser beam is perpendicular to the muon beam. What is found

in eq. (5.2) is the conversion for one interaction. However, the conversion can be enhanced
by multiple interaction of the laser beam with muons which can be usually provided by a
setup of suitable mirrors. If we suppose the mirrors have reasonable absorption coefficient
about C, ~ 1077, the intensity of linearly polarized laser beam @ reduces to Q — Q(1—C,)

! Japan Proton Accelerator Research Complex.
2Swiss Muon Source SuS.



E,(TeV) Anc(TeV) ko(eV) A¢uB
1 ~1 —17

1 1 0
0.1 ~ 10716
1 ~ 1 —19

1 20 0
0.1 ~ 10718
1 ~1 —21

1 100 0
0.1 ~ 10720

Table 1. Ag| uB for linearly polarized laser beam due to its interaction with muon beam for different
values of Axc.

for each reflection. If we assume each laser pulse in its path can interact N-times with
the muon beams, the maximum value of N can be estimate as >, (1 — Cy)" = C%l [12].
Therefore, eq. (5.2) for the N-times reflections leads to

1TeV? 5 At eV /1073
A ~ 10717 P A Y (e .
Ol = 10 ( Anc > (1012 TeV cm—2 s_1> (10_1()8) (ko) ( Ca ) (5:3)

The Faraday conversion phase shift of a linearly polarized laser beam due to its in-

teraction with the muon beam for different values of Axc is given in table 1. Meanwhile,
one can use eq. (5.3) with appropriate changes for the other charged fermions. For in-
stance, for the electron one can consider the appropriate parameters from the LEP experi-
ment [56] in which the number of electrons per bunch is about ~ 10! locating at energies
E. =~ |g| ~ 100 GeV, where the size of beam in interaction region and bunch length are both
about ~ 1cm. Therefore, the mean energy of flux of the electron beam can be estimated
as & ~ 10 TeV em=2s~! which cast eq. (5.3) into

1TeV\ 2 g At eV 1079
A ~ 1071 < -0 — |- 4
Plen 0 ( AN ) (1010 TeV cm—2 S_l) (10_1OS> (k()) ( Ca > 5

In this case the values of A¢|_g for different values of Anc in interaction of linearly polarized

laser beam and the electron beam can be obtained which is given in table 2.

6 Generation rate of circular polarization

In the previous section the Faraday conversion has been found to be at most 10717 in
the case of muons. Although this value seems to be small we show that can be large
enough for the rate of generating circular polarization for the laser beam interacting with
the muon/electron beam. To this end, we use eq. (3.12) in which AV (k) represents the
number of generated circularly polarized photons with energy |k| = ko ~ 1€V per unit area
(cm?) per unit time (s) for each laser pulse. The rate of the circular polarization generation
for photons in the laser beam can be estimated as follows

AV
RV ~ (k()> Olaser fpulse Tpulse (61)



Ee(GeV) ANC (TeV) kO (eV) A(l)eB
~ 10-19

100 1 1 10
0.1 ~ 10718
~ 1021

100 20 10
0.1 ~ 1020
~ 10-23

100 100 10
0.1 ~ 10722

Table 2. A¢| 5 for laser beam due to its interaction with electron beam different values of Anc.

where 0j,5er 18 the laser-beam size which is smaller than the charged lepton beam size Ad
and represents the effective area of photon-charged lepton interaction, 7y is the time
duration of a laser pulse and fyuse the laser repetition rate is the number of laser pulses
per second. To have more efficiency, we assume that the laser and charged lepton beams
are synchronized and the fpuse is equal to fhunch the repetition rate of beam which is the
number of charged lepton bunches per second. Therefore, one can easily find the value of
R, as follows

1TeV” g At eV (1077
~10-16 p ev
Ry = 107 fpuse Ny < Axc > (1012 TeV cm—2 s—1> <10—1OS> (k0> ( Ca > (62

where N, is the number of photons per pulse which can be obtained as

k Epul
N’y = QIEO) Olaser Tpulse — ;;:Ose’ (63)

and the total energy of a laser pulse epyse = Q(k)0laser Tpulse- Furthermore, the averaged
power of a linearly polarized laser beam is approximately given by Pager = fpulse Epulse
which cast eq. (6.2) for muon into

Plaser (1TeV\? g At eV (1077
~1 —16 * laser [ . 4
By lup =10 KO < Anc ) <1012 TeV cm—2 s—1> <1O—1OS) <k0> ( Cha > (64)

In eq. (6.4) we have only considered the forward scattering term. As is already mentioned

the generation rate of the circular polarization R,, ]lljg due to the usual Compton scattering
in NC-space onc ~ Fa?s/A* [55] is very small and can be found as follows

R NC - 1019 Plaser (1TeV 2 £, At eV [10°F
vipB kO Anc 1012 TeVem—2s—1 10-10¢g kO C,

< Ry|,5 (6.5)

which shows its smallness and Rv‘;ljg is negligible. Therefore, the main contribution on
the generation rate from the NC-space comes from (6.4). In fact, for a muon beam with
Ep ~ 102 TeVem 257!, Axc = 1 TeV and a linearly polarized laser beam of energy k° ~

~10 -



E, (TeV) Anc(TeV) Ry (1/s) Phaser (KW)
1 1 ~ 10? ~ 1072
1 20 ~ 10% ~ 10
1 100 ~ 10% ~ 102

Table 3. The generation rate of circular polarization due to muon and laser beams interaction
for Axc = 1TeV from atomic hydrogen [16, 17], Anc = 20 TeV obtained from Planck data for

CMB [27] and Anc = 100 TeV.

Ec(GeV)  Anc(TeV) Ry (1/s) Plaser(KW)
100 1 ~ 10% ~1
100 20 ~ 10* ~ 103
100 100 ~ 10% ~ 10*

Table 4. The generation rates of the circular polarization due to electron and laser beams interac-
tion for Axc = 1TeV from atomic hydrogen [16, 17], Axc = 20 TeV obtained from Planck data for
CMB [27] and Axc = 100 TeV.

1eV and the average power P ~ 10 W, the generation rate of the circularly polarized
photons is about R, |, 5 ~ 10% /s (~ 3 x 10! /year). This rate seems to be large enough to
be measured experimentally. The generation rates of the circular polarized photons R, | uB
for different values of noncommutative scale are given in table 3.

We can also give an estimation on the generation rate of the circular polarization due
to the electron and laser beam interaction R, | 5 as follows

B 1TeV > £ At eV\ /1075
~1 —18 4 laser e eV ] )
Bylp =~ 10 KO < Anc ) (1010 TeV cm—2 s*l) (1010 s> <k0) < Ca ) (6.6)

—2 S—l

To obtain the rate R, | 5 ~ 10%/sec for an electron beam with &, ~ 10'° TeV cm
and Anc = 1TeV, a laser beam with average P ~ 1 KW is needed which seems to be
available in the near future with the present laser technologies [36, 38, 39]. Nevertheless,
the generation rate of circular polarized photons due to the electron and laser beams
interaction for different values of noncommutative scale and the laser average power is
given in table 4.

7 Conclusion

We have considered the interaction of photons in an intense linearly polarized laser beam
with ultra intense beams of muon and electron in the NC space time in the NCQED
framework. Consequently, we have obtained the Faraday conversion phase shift A¢ and the
generation rate R, of the circularly polarized photons in the interaction with muon/electron
beam which are given in egs. (5.3), (5.4) and eqgs. (6.4), (6.6), respectively. We have
discussed the possibility of using advanced laser and muon/electron beams to probe the
noncommutative effects in such processes even for the NC scale as large as 10 TeV with the

- 11 -



available present technologies. In fact, for a muon/electron beam with a flux intensity of
Epe ~ 10'2/10'° TeVem =2 sec™! and a linearly polarized laser beam of energy k* ~ 1eV
and an average power P ~ 103 KW, the rate of generating of circularly polarized photons
is about R, ~ 10%/sec for a noncommutative energy scale about Axc ~ 10TeV [see
tables 1, 2 for A¢ and tables 3, 4 for R, ]. This rate seems to be large enough to be
measured experimentally in near future.

Open Access. This article is distributed under the terms of the Creative Commons
Attribution License (CC-BY 4.0), which permits any use, distribution and reproduction in
any medium, provided the original author(s) and source are credited.
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