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|. Motivation

[ Ring Lasers }

Two counter-propagating electric fields

=
Rich variety of dynamical behaviors

Applications:  Bidirectional emission > Gyroscope

Directional bistability » All-optical processing

their possible applications

Traveling Wave Model (TWM) ) Spatial Effects and Multimode Dynamics

[A detailed description is required to understand these dynamical behaviors and}
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Solving PDEs numerically:
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ll. The model

Solving PDEs numerically:
Fleck, Phys. Rev. B 1, 84 (1970).

Tests for the numerical algorithm: Analytical Results (Unidirectional or UFL)
Single-Mode dynamics: Zeghlache et al. Phys. Rev. A 37, 470 (1988).
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lll. Multimode Dynamics

Dependence on: Detuning:
Detuning ( 0)
Gain curve bandwidth (y)
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lll. Multimode Dynamics
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lll. Multimode Dynamics
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l. Multimode Dynamics .
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lll. Multimode Dynamics

14

0.04 o®

—
"]
T

—_
o
T

Qo
T

(o]
(0]
il o [omaaf)
. +min(A [
0.024 0.026 0028 003 _ o
: -max(|A [%)

w
=
=
o
o
—
©
S
>
=
@
e
[0}
L
£

~-min(|A %)

1 15 ~ B
Pump J (arb.units)

N=400 g=5
t=0.9 a=0 5
r=510* &=102 <Y

v

<
<«

=0.02 =100 \
s-oostat L 1 [ 1]

v



K_\\ Bichromatic Emission and Coexisting Multimode Dynamics in RLs
IFISC

14

0.04

—
"]
T

—_
o
T

0
Mode Number m

0.98f

Qo
T

q
0
0]
:V:V b 2
+ min(|A, )

0.024 0026 0028 003 _

[o2]
T

-=-max(|A %)

w
=
=
o
o
—
©
S
>
=
@
e
[0}
L
£

Intensity (arb.units)

2000 2002 2004 2006 2008 2010
Time (Round trips)

~
T

~-min(|A %)

15 ~ B
Pump J (arb.units)

N=400 g=5
t=09  a=0 / .
r=510% &=102 = Y

<
<«

n =0.02 y=1OOT T A T T

v

0 =0.03141

v



/_\ Bichromatic Emission and Coexisting Multimode Dynamics in RLs
IFISC

|. Multimode Dynamics

0.04

0
Mode Number m

0.98f

q

o]

o]

| - |omaiAf)
- + min(A )
0.024 0.026 0.028 0.03 _ +2
-max(|A [%)

Intensity (arb.units)

w
=
=
o
o
—
©
S
>
=
@
e
[0}
L
£

2000 2002 2004 2006 2008 2010

semin(jA [9)
- Time (Round trips)

2
---1A,]

15 ~ B
Pump J (arb.units)

-1 0 1
Mode Number m

y (arb.units)

Intensit

Bw
of.-
o ==

2004 2006
Time (Round trips)




|. Multimode Dynamics

—
"]
T

—_
o
T

Qo
T

=

q
O
o}
/(

[o2]
T

Intensity (arb.units)

~
T

0.024 0026 0028 003 _

Bichromatic Emission and Coexisting Multimode Dynamics in RLs

o max(A )
+ min(A_|*)
-=-max(|A %)

~-min(|A %)

N =400
t=0.9
r=5104
n=0.02 y=100
0=0.03141

1 15

Pump J (arb.units)

g=9
a=0
e=10%

2.5

Wop WA

[ ]

Mode Number m

[$)]
T

Intensity (arb.units)

So
o

Time (Round trips)

Lasing every 2 modes!

v

v



K_\\ Bichromatic Emission and Coexisting Multimode Dynamics in RLs
IFISC

lll. Multimode Dynamics

120

o max(A )
100}

+min(A,[9)
| 0.06 --max(|A %)

(o]
o

0.04 smin(A )

[ 0.02

i
" * +

0.624 0.026 0.028 0.03

=
o
T

%)
=
=
>
Ke]
©
~ 60
=
(2]
(o
Q
g
£

O
n“ﬁweeee@ee@e@eee®+x

15
Pump J [arb.units]

N=400 g
t=0.9 a=
r=510* &=10?
n=0.02 y=100,
0=0.015




/_\ Bichromatic Emission and Coexisting Multimode Dynamics in RLs
IFISC

lll. Multimode Dynamics

120 .

o max(A ) 0

100t +min(A, ) ]

.5
£10
2 0 2 510;
= got 0.06 o Emax(|A_\) 9 . _d103
> 0 | O 88 4¢° : \ '
= 0.04 o smin(A )| o H 1 . SHEEEN YD -
IE. . Q.E100 .l | y
>, 60 0.02 0 : I £ 10 s bt ¥ - - A AR
g’ ’ -; élg_;‘r ‘I. i r L L .'. 4 L
S g0l Ot 0 ] @740 30 -20 -0 0 10 20 30 40
c 0.024 0.026 0.028 0.03 Mode Number m
’(B‘ T 1
SOl pRENE G LS B EX AR BB E
_e :: i :: I :: W :: I :'I " :: n :: " :: n :‘I " :: n
8 Ao W o4 b o@ow @ ow B ox b o ogom L owogonog
= S0Re o4 kgt oW GLom oo R o e m Rk oa
D I S I (I O T
c I| i |‘ Iy |l " 1 ] I L I‘ ' :' 1 :II " II: rn ll: ik
2 ga S gy I B S0 G gl By G it i
E At £ Mg N Mo A Moo A o

0 b i S
2000 2002 2004 2006 2008 2010
Time (Round trips)

v



K_\\ Bichromatic Emission and Coexisting Multimode Dynamics in RLs
IFISC

V. Conclusions

- A Travelling Wave Model for ring lasers is developed and tested.
- Analytical results are difficult to obtain for a bidirectional ring laser.

- We have studied how the detuning and the gain bandwidth affects to the
multimode operation.

- The spatial effects strongly affects the dynamics and the stability of the different
lasing states.

- Multimode behavior opens the scenario to multistability.

- Mode competition can be important depending on the parameters of the ring laser.

Work in progress:

- Modify the medium susceptibility » Semiconductor Ring Laser
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