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Abstract

Cherenkov radiation is an electromagnetic Radiation that occurs in completely clear
medium. The sufficient scientific condition for the phenomenon to be occurred is that the
velocity of charged particles moving with should be greater than that of the electromagnetic
radiation there (generally speaking this radiation is in the UV range of emission).

In this paper Cherenkov effect considered in the ionospheric E layer plasma and it showed
that the velocity of charged particles in this plasma is greater than that of the phase velocity
of electromagnetic radiation. Then the relation between Cherenkov frequency and the
height and temperature of the this plasma studied .Also the Cherenkov angle for the oxygen
ion that emits Cherenkov radiation is calculated. In this plasma as an important wave we
considered only the oxygen-ion wave .

Key wor ds: Cherenkov Radiation, Ionospheric E layer plasma, Oxygen-ion wave, UV frequency
Pacs: 41.60.Bq

Introduction

Cherenkov  radiation was first observed in the early 1900's by the experiments developed
by Mary and Pierre Curie when studying radioactivity emission. The first attempt to
understand the phenomenon was made by Mallet in 1926. He found that the light emitted
from a wide variety of transparent bodies placed close to a radioactive source always had
the same bluish- white quality, and the spectrum was continuous,that is not possessing the
line or band structure characteristic of fluorescence. Mallet found that the nature of such
emission is not be known yet . It was not until the experimental work carried out between
years 1934-1937 by P. A. Cherenkov and the theoretical interpretation by I. E. Tamm and I.
M. Frank (1937) that this radiation was described. Cherenkov light in the atmosphere is
produced by charged particles traveling faster than the speed of the light in medium[1].



51
52
53
54
55

56
57

58
59

60
61
62
63
64
65
66
67
68
69

70

71
72

73
74

[ [
.
S
3 T et TRCRIT
£ WANVEFRGHI
— F Sy
e B .
5 2 P
T Fi T Tw
o Pl - .
e, o~ -~ T
o L - S
L A A T A
s - -~ T < GEL
L A, g g PARTIZE
i 2 = s T
E - A T & P .
S — | - — il -,
I =T] . T LT e s 1 -
= P e w7 -
=N L - — a e
hY ™~ ~ T Y e
. h - - b -
-, L
., ™, -
i \\x o
™, . -
hs T e
RS o
‘a o
) "
o
\f
-
) Chersnkos fargle
MM Pefrachdrelrdsx
N A} Fefracorelrdex

Figure.1- Path of Cherenkov emission [2].

From this figure it is understood that this radiation is only observed at a particular angle
called Cherenkov angle, with respect to the track of the particle. This angle represents
position in which waves from arbitrary point such as P1, P2 and P3 over the track AB
coherent and combine to form a plane wave front BC. This coherence takes place when
particle travels from A to B in the same time that the light travels from A to C. If
velocity of the particle is v or f.c where c is the velocity of light in vacuum, and c/n is

S
the
are
the
the
the

velocity of the Cherenkov light in the medium, then we can write the Cherenkov angle in

the following way with only taking into account the geometrical considerations:[3]

(o}
_
cosf = T (3-1)
cosf = —— (3-2)
~ B

where n is the refractive index of the medium and AT is the time in which the particle

moves from A to B.

The number of photons emitted by a charged particle of charge ze per unit path length ,per

unit energy interval, in term of A, of the photons is equal to :[4]

2



75

76

77
78

79

80
81

82
83
84
85

1

d?N 2mnaz?
— (1 _

dxda

— j 13
) - H
- _ _ E P
= L =
- T ~
= =
~ o B
=T“‘_-_ i =
o~ -
= 7 B
= LS
= -
- = F
= O —
L =
= 05 &
"‘:'. C
~ 4 B
2 T |
— — i
= _ _ :
0.3 B -
= C i
0.2 = +
= i |
LA S H H
£y E 1 1 1 I 1 1 i 1 1 1 1 1 1 1 i 1 1 1 1
s o
)

Figure.2-Differential Cherenkov photon spectrum. Continuous line includes absorption by ozone and
Rayleigh and Mie scattering [5].

2
where «¢xis the micro structure constant o = —

medium that is a function of the photon energy, straight foreward to

AZ

B*n*(A)

)

(3-3)

tJ-I
=

| |
) A0

1

2 30 45 o0 250 600
I ornoitid de ornddea 2 (rn)
Longiiid de onda A (i)

1 . . .
— and n is the refraction index of the

A. This means that

most part of Cherenkov photons in the ultraviolet range, because :
d?N 1
—_ “ i
dxdd A2

and the spectrum has a peak at around 330 nm([6].
In ionosphere from 90 kilometer of earth surface up to 120 kilometer of earth surface the E
layer occured that in this medium the oxygen ionization take place with solar x ray and uv

radiation respectively.
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Because the plasma is a quasi-neutral gas with equale electrons and ions particles together
with neutral species, then the E layer also is a plasma medium so as we can use the

plasma equations for the parameters inside .

Equations

We use the MHD approximation specially when the orientation of motion for ion is
parallel to magnetic field , then this would be :

Mn |2+ (v; - Vyvi| = enE - Vp @.1)

With consideration of:
E=—-Vop, , ikx =V , —iw = —

ne:n0+n1, ve:v0+v1 ) E:E0+E1

That in these equations ,index 1 shows the turbulence state.
So we have:

—iwMnyvy; = —engikg — y;kT;in, (4.2)

Also from Boltzmann equation it is true that :

ne = noe%ﬁne= ng (1+e&)—>n1 = Ny — 4.3)
KTe KTe

The continuity equation also is:

Ong

pralas V.(n.v,) =0 4.4)

But we knew:

Vno = vo — EO = 0

dny, Jdv, O0E,

at  at ot

In the continuity equation we can write:

anl

ot +V- (n0v1 + nlvl) =0 (45)

With replacing approximation of V- (n,v;) we can write:
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on1
%+V'(n0v1):0

A a .
and because V= ikX and 5= Tlo
we reach to:
—iwn, = —nyikv, (4.6)

Now refer to the Equations (4.6) and (4.3) ,we can write MHD approximation as:

(eno ik%ﬂ/iKTi ik)noikvil

—lwMnyv,; = o 4.7)

so we reach to:

0? = k2 (S 4+ 1) (4.8)
M M

with the limitation of T; — 0

we can write:

0? = k(59" (4.9)

Now for the bottom side and up side of the ionosphere values with taking on account the Fig.3 we have :

T(90 km) =300 k° and T(120 km) = 600 k° and

K =1 .37 x 10723 and M(0)=2.65 x 10726 kg
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Figure.3- Temperature and electron density in ionospher[7].

SO:

At 90 kilometer from the earth surface:

1/2 —23 1/ ,
KT.(90 k 1.3 10 300 2

20) = (—e( m)) = ( 7x10 X ) =393x102 (L)"2
K M 2.65X10726 kg

And at the 120 kilometer from the earth surface:

200 = (<ntzy' ™ _ (e 0 100 (L)'
K . = = D. (kg)

M 2.65%x10726

With Maxwell equation in the following :
VXB = ﬂo(jf+jp+€0E)
And rewriting this equation in the following form :

VXB = uo(]r+eE)

(4.10)

@.11)

(4.12)

(4.13)
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And putting :

P
€= 80+%

and the following values:

IJp = ne(Vip - Vep)

o = F_LGdE 8]
P ocB dt
So:
P __ ne dE. _ p dE
Jp =ne(Vip = Vep) = z (M +m)Tr = 5=
Which from equation(4.14) it is obvious that :
2
€ HoPC
L1402
&o B
With the approximate values about 2" >>1 we reach :
£~ quCZ
&o - B2
And
2
Ve u.pc=,1 /
From the following we know the density of oxygen :
— H=
300 1 — Ar
“é\ 100 0
&
o
. 300 Nz
5 om0t 0
™y
200 ¢ \
=T \ haN
Lo T T T T T T
w0t a7 TS VA 11
At {'m‘gf

1012

(4.14)

(4-15)

(4-16)

4.17)

(4.18)

(4.19)

(4.20)
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Figure.4-density of elements in ionosphere [9].
At 90 kilometer from the earth surface:
p(0) x 1023 (cm™3)

And at the 120 kilometer altitude:
p(0) x 10*2(cm™3)

Also we knew that the magnetic field intensity in E layer plasma about 1( Oe)[10]. We reach to:

B = poH =41 x 1077 X —x 10* = 107* (T )
Then:

At 90 kilometer altitude:

1
4Tx1077x9%1016x5.3x10726x101° /2

n(0) = ( - ) = 1.73x10°

And about the 120 kilometer altitude:
4Tx1077x9x1016%5.3x10726x1018 /2 5

n(0) = ( = ) =547 x 10

With regards to the speed of light ¢/n

At 90 kilometer from the earth surface:

c¢/n=1.73 x 10? m/s

And at 120 kilometer from the earth surface:

¢/n =0.54 x 10° m/s

(4.21)

(4.22)

(4-23)

(4-24)

(4-25)

refer to the following figure and considering a volume of polarized plasma we reach to the electric

field as:
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Figure.5- Diagram of plasma state in the E layer[11].
E=mo = 4mne.ex
The electric potential is as :
¢=1E=4mn.exl

That in this equation 1 is the width of E layer or 3x10*m.

If weput x = I:

E=ep =4mn.e 22

from figure.3 we know:

n.(90km) = 10* (cm™3)

n.(120km) = 10° (cm™3)

The energy will be :

E(90 km) = 4m x 10%° x (1.6 X 10719)2 x (3 x 10*)?2 = 2.89x 10718 j

E(120 km) = 4w x 10™ x (1.6 x 10719)2 x (3 x 10*)? = 2.89 x 10717

Referto v = 2E :
m

So:

1-At the bottom side of the E layer(90Km) :

v(0) = \/Z_ZE =147 x 10* m/s

2-At the upper side of the E layer(120Km):

(4-26)

(4-27)

(4-28)

(4-29)
(4-30)

(4 —31)
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_ |2E _ 4 m -
v(o)—\/;—4.67><10 . (4-32)

E
We know v =

1-At:
2.89x10718 s
V = ——————=4.36x10 Hz (4-33)
6.62x1034
2- At:
v=436x10"" Hz (4-34)

From equation (3.2) it showed that:

1
B-n(d)

cosO =

And because:
V=PB.c

We can write:

Cos(0) = (4-35)

¢
Vthn(d)

It is resulted that the velocity of oxygen ion is greater than that of the of electromagnetic
waves in E layer, obviously this is because the Cherenkov effect is possible

So oxygen ion emits Cherenkov radiation in the following angles:

At 90 kilometer altitude:

0(0) = 83.22° (4-36)
And at 120 kilometer altitude:
0(0) =89.327° (4-37)

Conclusion Remarks

1-It is shown that in two limit of height at E layer the thermal velocity of Oxygen ion is
greater than the phase velocity of ionic wave of Oxygen and so Cherenkov radiation is
possible.

2- At 90 kilometer altitude Cherenkov radiation emitted in 83.22° from oxygen ions.

10
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3- At 120 kilometer from earth surface Cherenkov radiation emitted in 89.327°from the
same oxygen atoms.

4-the frequency of Cherenkov radiation is in UV range.
5- With increasing the height and temperature in E layer Cherenkov frequency increased.
6-In other hand increasing the height and temperature in E layer Cherenkov angle also increased.

8- Then with increasing the height and temperature in E layer the phase velocity of ionic waves
increased.

9- With increasing the height and temperature in the E layer plasma would lead to increasing .the
thermal velocity of ions.

Experimental Achievements

1-Cherenkov  radiation is received by a magnetic satellite that circles around ionosphere
and it is showed that Cherenkov frequency is in UV range [12].

2-In presence of electrical field in E layer refractive index is greater than 1, and Cherenkov
radiation is observed [13].
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