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ABSTRACT:

In this paper, the tendency is towards looking for a correction factor in the diffraction loss from (TEMyy,) in order to search for the
same parameters, diffraction loss in a cavity has standing (TEMg;) modes. This will be through a lengthy analysis in the far-field
intensities the waves via — Gaussian beam shaped wave patterns. The analysis is in the same criteria as that of (TEMg) modes,
except for a little complicating factor in the round-trip by pass on the surface of the aperture mirror. The results showed that the
diffraction loss procedure is just the continuate for the earlier work, except that the field intensities change for TEMy,, as that of
TEMyg, as such, it has a direct effect on the equation fitting it. The Combination of experimental and Theoretical results in this
study are in excellent agreement as in g = 0.80 and they were both functions of the physical parameters of the active medium and
the laser resonator.
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1. INTRODUCTION:

Since the end of sixties of the last century,
few tendencies were done for manipulating and
formation of mathematical equation for the
diffraction loss parameter in (TEMgy) modes
(Bhawal, 2005). This is a linear criterion mostly
achieved by Li (Kogelnik and Li, 1966) and co-
workers. The approach is done through a
modelling for the Gaussian beam propagated
along the principal axis of the cavity resonator and
considering the finiteness of the mirror

This is done through defining the loss
factor from the parallel component of the electric
field in the wave pattern. Many parameters have
in relationship with this process and all of them
are describing the geometrical and physical
properties of a typical cavity in those laser tubes
available around? The far field wave patterns have
almost serval transverse results and phase
reversals, with either even or odd symmetry in
simple cases

dimensions and the resonator length (Siegman,
1986), as shown in figure (1).
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Figure (1): Schematic diagram of a helium-neon laser consisting the optical cavity as comprised with
the active medium and two parallel facing mirrors.

These transverse modes spread inside the cavity
are generally larger than cavity length, which
make the diffraction losses higher than those of
lower term transverse modes (Verdeyen, 1995).

In typical gas lasers, the resonators have
finite lengths, ranging from few centimeters to 50
cm, so that the radius of curvature for the
spherical-identical mirrors is twice to three times
larger than this length (Hu et al., 2020). Also, the
out-put coupler has an aperture such that the
diameter is larger than the beam waist about twice
its diameter to reduce losses on the periphery,
these restrictions are on the behalf of the finiteness
for Fresnel number, N (5-10) as optimum.
Traditionally, the diffraction loss in Resonators is
a phenomenon that occurs naturally since a very
few percent of the incident radiation spreads out
on the periphery of the output coupler (M;) and it
is depending on the geometrical parameters of
what is called the resonator (aperture). This means
that these optimizing parameter hold a
complicated variation in their normal values and
individual relationships.

2. Theory of Diffraction Loss (TEMg) in
Symmetric Resonator

The Diffraction loss, generally is the
fractional loos due to the power captured by the

w

Emn(x,y,2) = Ej a(:)_OHm <@> Hy <%> e

@
(2
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output coupler and the total power incident on it.
Thus; if &,,, is the loss due to diffraction, then
lose is given by (Svelto and Hanna, 1998):

P .
6mn —1— transmitted N (1A)
P incident

Since the symmetric Gaussian beam
spreads out from both sides of the minimum beam
waist (wg), then the losses are due to absorption,
scattering and diffraction on the surface of the out-
put mirror are possible even in typical and well-
designed resonators. When the beam arrives (M,),
then the only considerable part of loss is due to
diffraction.

This loss is apparently defined as the fractional
value for the attenuations between the incident
power and the transmitted power from (M,).
Hence it is given by (Zhu et al., 2021):

Sn = 1= |lomnl? .. (1B)
The calculated diffraction loss of m, n mode from
the ratio of the energy captured by the mirror to
the total energy in the E — field at the mirror is
given by (Svelto and Hanna, 1998);

.UQ IEmn(x' v, Z) |2dxdy

Smn =1~ "o = .. (10)
™ f—oof—oolEmn(xly)Z)lzdxdy

where Q is the aperture representing the mirror,
Epn(x,y,2) is the electric field at (m,n) mode is

given by (Verdeyen, 1995):
—(x?4y?) —jn(+y?) 1 Az
wZ(Z) e AR(Z) ej(1+m+n)tan 1 n_—(u%



where E, is the electric field amplitude at the
origin (0, 0), w, is the waist radius is given by this

Az

equation (Lakhotia et al., 2020); w3 = =2 =
..(3), here (z;) is called Rayleigh range
(Karbstein, 2018, Bisti et al., 2021).

also w(y) is beam radius is given by this equation
(Urunkar et al., 2018, Falcon et al., 2019, Sasnett,

1 2
2020); Wz = wo |1+ (n—afg) L (4),
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BEAM FROFILE

and R, is radius of curvature of the Gaussian

beam is given by this equation (Sasnett, 2020,
Wang et al., 2021, Sohn et al., 2019);

a2
Wi =7 [1 +(52) ]..(5),
Hermite polynomials of order q is given by this
equation (Zhou et al., 2018, Ast et al., 2021);

x2 4 x2
Hy(x) = (—l)qe_7ﬁ<e_7> ..(6)

However, an approximation technique could be
generated by using some elementary physical
reasoning of TEMg; mode, as shown in figure (2).

p
—h— e Trassmitied power

|

Figure (2): Transmission through an aperture.

The calculated the diffraction loss (d,;) from the
ratio of the energy captured by the mirror to the
total energy in the E — field at the mirror is given
by (Zhu et al., 2020, Borneis et al., 2021, Coldren,
2021):

JIg Eo1(x, ¥, 2)|?dxdy
I 1 B (x,y,2) 2 dxdy

8o1 =1 (7)

Eo1(x,y,2) = Ey 20 Hy <\/§x> H; <\/§y) e

W(z) w w
Here, in polar coordinates: x2? +y2 =7r?%x =
r cos¢p,y = r sing. Also, the zero order Hermite
ﬁr:}"sd’) =1, and the first
V2r sind)) _
w

polynomial is HO(

order Hermite polynomial is (H1<

Var sing (zind’) (George et al., 2013), besides, the second

and third exponential terms are equal to a unity,
after squaring them and taking their complex
conjugate (Verdeyen, 1995).

—(x2+y?) —jn(x2+y?)

Each of the numerator and denominator of
equation (1C) have been summarized from the
Gaussian beam distribution of through Hermite
part of the modified function of Eyi(x,y,z)
(Aksenov et al., 2020, Hashemian and Akou,
2020) Thus:

Az

0z o
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The only term remaining is the amplitude term
which could be represented in terms of position
vector (r) and phase parameter (w(,), Which is
called the spot size, therefore it reduces to:

—2r?
fo" Jy rre”@drdg

T ..(9)
T rre @drdg
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Solving for the numerator and denominator of
equation (9), using the integration by part, one
gets:

p? —2p?
So1 =1+ >e‘”2(z)..(10)
o ( W? ()
Here, one uses the following integrations values

[T de = 2m,
2
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Substituting for (a) @ = —\/1__92> and (N =
2

%) (Barriga et al., 2007) into equation (10), the

diffraction loss becomes;

8o = (1+ 2nN/T = g2) e=2™W1-0 | (11)
where N is Fresnel number and g — parameter is
[g =1- %] L is resonator length.

Equation (11) represents the diffraction loss in a
symmetric resonator at transverse TEMg; mode.

It is clear from equation (11) that the quantity in
the small parenthesis is deduced from fundamental
definition of &y, and the exponential term in the
bracket is that of §,, mode.

3. Results and Discussion

Equation (11) has been wused to calculate
diffraction loss in a symmetric resonator at
transverse TEMy; mode for different g-parameters
and Fresnel number values through fixed ranges
allowable in gas lasers designed by T. Li (Li,
1965) and also for moderate values of Fresnel
number taking ( A=632.8 nm), the resonator length
and the aperture diameter are arbitrary constants
of the resonator.

Figure (3) represents the values of

diffraction loss for different values of g-parameter
as [0.50, 0.80, 0.90, 0.95, and 0.99] respectively.
The calculation and graphs were achieved from
Tingye Li (Li, 1965) and using MATLAB
programmers. Also remembering that all
parameters p, o), L, R, and «, are for a spherical
symmetric resonator. But they are not used
numerically because of canceled them. As
diffraction loss and Fresnel number equations.
Also, from figure (3), it is clear that the best
agreement and coincidence of both results are
observed from g-parameters of (0.80).
This closure or parallax of the experimental and
theoretical values for the (8,;) comes from that
the direct dependence of (8,;) on the (g) value
charges from a resonator to another one, but it
severely changes after they (g) value higher than
0.9 and reaching maximum at g = 0.99.
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Figure (3): Diffraction loss versus Fresnel number for the TEMg; mode, for g=0.50, g=0.80, g=0.90,
g=0.95 and g=0.99 for both works.
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Figure (4) shows diffraction loss against different
values of N — numbers. The values of both N and
g are obtained as extension of the work done in Li
maser design (Li, 1965). This is because of the
high stability of this g-value.

Finally, it is observed that the optimum value of
(g) as (0.80) is applicable in both lower-power
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laser and maser designs and also in different mode
distribution especially in (TEMgy) and (TEMoy)
modes and specifically when Fresnel number is
calculated using Li data, whereas at this value the
slope is given as (0.9556) which is excellent for
mirrors reflectivity (R»).
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Figure (4): Variation of the diffraction loss for the present work with that of Li, for g=0.50, g=0.80,
g=0.90, g=0.95 and g=0.99.

4. Conclusion

The diffraction losses observed in this
work has a direct relationship with that of
(TEMgo) modes, since beam characteristics in the
resonator is stuck to the same parameters defined
in  Gaussian beam distribution. Thus, the
parameter (N) has a direct effect on the losses on
the surface of (M,). The geometric shape of the
cavity defines N and g parameters.
In this case, it is quite important to remember that
the best fitting value of (g) is (0.8) in both theory
and experiment tendencies throughout all values
of (N). This is a fortunate result for (TEMg,)
modes. Since, at higher values of (g) the losses
take different category and it will be more
complicated.
Also, it is clear that the extra-factor predicated in
the theory for the losses in (TEMp;) mode was to

be the addition of [ 2zN,/1 — g? ] to the result of
(601) mode with support Hermite polynomials as
an approximation technique.

This is keyword of the solution for higher order
modes at future also, since the arising factors are
more complicated, but all of them depend on the
well-known parameters (N), (g) which are in turn
functions of , p, R, and L.

Finally, it is observed that the optimum
value of (g) is (0.80) which is applicable in both
lower-power laser and maser designs and also in
different mode distribution especially in (TEMg)
and (TEMy;) modes and specifically when Fresnel
number is calculated using Li data, where at this
value the slope given as (0.9556) which is
excellent for mirrors reflectivity (R»).
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