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Abstract: In order to make a great contribution for the breakthrough and fill gafield of radiation by electron bunch in poloidal
magnetized plasma, judgment criterion of Cherenkov radiation by aeleated electron bunch moving in Hermitian medium
of poloidal magnetized plasma are presented in the paper. Throudfligsteent of experimental model of Hermitian medium,
radiation mechanism is analyzed. Eigenvalues are obtained. Throalyisiarof eigenvalues, dispersion relation is derived. Meanwhile,
generation condition of Cherenkov radiation is summarized. It is fouatglasma frequency affect the eigenvalue. However, only
when cyclotron frequency is large enough, it can also affect the wgien greatly. Finally, under the premise of fulfillment of
judgment criterion of Cherenkov radiation, frequency dependehGherenkov radiation angle is achieved by computer calculation.
The theoretical analysis and calculation will provide for further redeafthe new type UWB microwave radiator.
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1 Introduction The paper is organized as follows. Section 1 is a brief
introduction. In section 2 the experimental model of
Hermitian medium is established and radiation

In recent years, our lab has researched and developed flechanism is investigated. In section 3 the condition of

new type UWB microwave radiator—pulsed plasma radiation is derived through analysis of eigenvalue. In

:J;té%g'rdeﬁggnihégﬁi?is?égroﬁﬁ:’; vrv?géatggi[ d Tgi Iessection 4 and 5, dispersion relation and frequency
between the direction of m.aximum value and, z a%(isdependence of Qherenkov angle are ca!culated qnd
. L analyzed respectively. Finally, conclusion is given in

change with the frequency of radiation wave, and so ON-caction 6
These characteristics are different from those of the '
general UWB microwave source. The radiation originates
from Cherenkov radiation of an electron bunch moving in o ]
poloidal magnetized plasma. 2 Radiation mechanism

The electron bunch moves with acceleration in the
radiator. However, in view of referenceg]{{9] only Radiation equipment of pulsed plasma is composed of
researching on Cherenkov radiation by an electron bunclpower supply, rectifying device, high-voltage pulsed
moving with uniformly at certain speed, we had only capacitorC, of energy storage, trigger device and diode.
researched on Cherenkov radiation by an electron buncRircuit diagram of experiment is shown in figure 1.
with uniform motion in poloidal magnetized plasma in Structure diagram of triggered vacuum diode is shown in
order to simplify analysis. So, in this paper, Cherenkovfigure 2. The diode has three electrodes: anode, cathode
radiation by an accelerated electron bunch moving inand triggered electrode. Method of field-breakdown is
Hermitian medium of poloidal magnetized plasma is adopted into breakdown between cathode and triggered
researched. electrode, then electrons of cathode plasma are
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uniform acceleration along z axis in cylindrical
coordinate. At the same time, the following analysis is
based on the assumption that (initial velocity) << u
(velocity after accelerated), namely acceleration isdarg
enough.

The dielectric tensor of poloidal magnetized plasma
with uniformly accelerated electrons is as follovid [

Fig. 1: Circuit diagram of experiment
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. where wpe is plasma electron frequency of
triggered background plasmaye is electron cyclotron frequency.
insulation electrode Collision effect is neglected. Beam-wave interaction in

magnetized plasma is described by Maxwell’s equations:
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Fig. 2: Structure diagram of diode

)

Output where the wave factor is exp(wt — k,z—m¢)} .
In the absence of the driving beam, the equations can
3l D3 be written as11]:
04 B, + &1B, = aE; 3)
Fig. 3: Basic circuit of trigger current generator
(2 E, + agE, = asB, (4)

where], =0 —€,0/0z,
accelerated by electric field of anode-cathode to form

convection currenf[0]. The current excites poloidal _ _ MP(025F—K3) 2_
magnetized field. Then the plasma is magnetized by the r0<5-k §—K1) 0952
field to develop into Hermitian medium. In main circuit, = j?%% + ”{M
two ends ofC, connect anode and cathode of diode 2 Ka(0258—ky) | KB~ oo ®)
respectively. Two ends of trigger device connect triggered &= 717 k(02523 TR 0.25¢ + K1
i - m w0.5kz(K1—K3) 9 m WK:
electrode and cathode respectively. a= ITmW — ?le

The circuit of trigger device, shown in figure 3,
consists of current sustaining loop and pulse forming
loop. D; , D, and D3 are diodes.R; and R, are K1:2.25w2uO81,K2:2.25jw2u082,K3:2.25w2u053
current-limiting resistanced, is silicon stack with 60kV
withstand voltage. SCR is a silicon-controlled rectifier as  Equations (3) and (4) are coupled. The equations can
a switch.C; is freewheeling capacitor used for current be cast into the following form:
sustains, which is capable of the generation of abundant

initial plasmas during the breakdown of trigger electrode, 2 2\ (]2 2 (Ez ~0 6
and C, is the capacitor used for pulse formation, (BL+P)(OL+P2) B ©)
respectively.

In the radiation equipment, electrons are not The value ofp, andp is respectively

absolutely uniformly accelerated. However, in order to 5 1 5 1
simplify analysis, it is supposed that electrons move with Pi2= 5{(a1+as)£[(a1+as)" —4(awas —aa4)]2} (7)
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It is shown that eigenvalues pf andp; represent two
modes respectively.

When the argument dﬂé”(—plgr) is very large, the

radiation field can be expressed as approximate

formulation:

HSY (= p1ar) ~ V2m(—pyor)e 1(Prar—m/4)

It is same to condition (i), the condition (ii) is easily
satisfied. Sop, mode can exist and radiate, on this
condition.

In general, it can be seen that two modes can radiate if
equations of (12) and (14) hold. Or else, at least one mode
is a local field moving with the charged particle and can
not radiate. When only condition (i) is satisfied, there is
only transverse component of electric field, namely there
is only TE (Transverse Electric) wave. When only

Only whenp is real, can the mode radiate. Or else the condition (i) is satisfied, there is only transverse
mode is a local mode. So it is obvious that, in order tOComponent of magne[ic field, name|y there is 0n|y

make eigenvalues qf real values, the following condition
should be fulfilled: ,
pi, >0 ®)

3 Analysis of eigenvalue

In order to simplify equation (8), it is supposed that 0.
Equation (5) can be written as:

a = 7(0.25k§ — K3)
a=a4=0

. ©)
ag = & — (0.25¢ — k1)

Equation (9) can be now substituted into equation (7)

with the result
1
i, = > {(al +ag)+ /(a1 — a3)2} (10)

(i) whena; >0

In this condition, the following result can be received:

p? = a = 2.250w” Uo&o(1 — wZe/2.25w%) — 0.25k2 > 0

pe
(11)
Equation (11) gives the following solution:
u 1
- > (12)
¢\ 9-4wi/w?

Because the equation qf/w < 1 is easily

satisfied, it can be concluded that, in some conditan,
could be bigger than 0. S@ mode can exist and radiate,
if the condition of equation (12) is satisfied.

(i) whenag > 0

In this condition, if the following condition is fulfilled,
another mode can radiate:

[ wgewée
2.2502 (0% 2.2502) (00— 2.2567+ wRe)

P = ag = —0.25 — 2.25%
3

-2l >0
(13)
Equation (13) gives the following solution:
u 1
- > 14
’ $ 9+4 WBe(2.2507— By (14)

(Bt Ba—2.2567)

TM(Transverse Magnetic) wave.

4 Dispersion relation

Equation (11) can be simplified:

2 2
2 2 W Whe
So the dispersion relation gfy mode can be derived

through above derivations:

w? w? W3
2 _ be
k=075 +225 5 — (16)
Then equation (13) can be also simplified:
2 W2e(2.250° — W3,)
2 2 pe pe
= —0.25k5 +2.25—
Po=-029G +2255 + (w2, — 2.2502 + W) >0

17)
The dispersion relation can be also derived:
w? Ww?  wi(2.25w% — wl)
k3 =0.75— +2.25— pe P~ (1
0 l5u2 + 502 + C?(wh — 2.250° + w3,) (18)

By comparison of equation (16) and (18),dife <<
Wpe , €quation (18) can be simplified into equation (16).
5 Calculation of Cherenkov angle

Based on equation (17), the Cherenkov anfle. can be
written as:

B u2 W5e(2.250° — wle) 1]?2
6. = arctan{ 2 l2.25+ PRt wﬁe* 2 2502 12
(19)
Above equation is normalized as:
_ 2.250% — 1 1)°?
_ 2 _ =
Gc_arctan{ {u (2.25+ 52(@29+12,2552))} 4}
(20)

Wherewee = e/ Wpe; Uy = Up/CW = W/ Wpe;
Here, Cherenkov radiation diagram is shown in figure
4,
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equiphzase

surface

Fig. 6: Frequency dependence of Cherenkov angledgs =

Fig. 4: Cherenkov radiation 0.29 101, e/ wpe = 0.155,u/c = 0.5
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Fig. 7. Frequency dependence of Cherenkov angledgs =
Fig. 5. Frequency dependence of Cherenkov angledgs = 0.29x 101, e/ Wpe = 0.1,u/c = 0.55
0.29x 101, te/ wpe = 0.1,u/c = 0.5

Combined with figure 3, equation (20) shows that -
Cherenkov angle increases with increaseipf which is I e
consistent to Cherenkov theory in refereri@[though
there are different mediums. |

At the same time, figures 5~ 8 show frequency |/
dependence of Cherenkov angle in different conditions. |

From figures 4 and 5, it can be observed that frequency !
dependence of Cherenkov angle is almost unchanged with
increase ofue to 0.155, because @l << wWpe - i i 2 z0 i

By comparison of figures 5, 7 and 8, it can be seen
that distribution of Cherenkov angle is expanded, andg;, o _
frequency band of radiatiof®® < 6. < 90°) is wider with gléqé i'lziiq;fr}g dipg zdj /ncci ggCherenkOV anglecips
increase ofl. ' e TRe '

In addition, from above figures, it can be observed
that Cherenkov angle will research a certain value with
increase ofw .

poloidal magnetized plasma are presented in this paper.

The following results can be received:

_ (1) In the Hermitian medium, both of two modes can

6 Conclusion radiate on the condition gf2 , > 0 . Or else, there is only
TM wave or TE wave. ’

Theoretical research and numerical calculation on (2) Generation condition of Cherenkov radiation is

Cherenkov radiation of an accelerated electric bunch inderived. The condition ig? or p3 > 0.
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(3) Through the analysis of dispersion relation and
frequency dependence of Cherenkov angle, when value of
u increases, Cherenkov angle will be expanded.
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