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Introduction and Motivation

wWhen evaluating a new laser gain medium, it
IS common to build a mulmnode stable
resonator around the gain medium to
demonstrate maximum extraction.

wModeling multtmode lasers is difficult
because

¢ The modes tend to interact with theaturable
gain medium and create modeling instabilities and

¢ The mesh requirements for a muiode stable
resonator are very resource intensive.
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Laser Resonator Architectures:
Stable vs. Unstable

Stable Unstable

Examp\e Ray %

All rays launched in an

Rays captured by a stable unstable resonator (except the
resonator will never escape on-axis ray) will eventually
geometrically. escape from the resonator.
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RADICL Resonator

Laser Output

R.=10m
2= 1.3153e-6m
Saturable
Gain
Medium

L =0.254m

Other Parameters
- L =0.8m .
Flat Mirror resonator , Curved Mirror
D, = 0.06 m (mirrors and gain)
Jss = 0.19435 %/cm
|, = 6.735 kW/cm?
Data source:

Eppard, M., McGrory, W., and Applebaum, M. "The Effects of Water-Vapor Condensation and Surface
Catalysis on COIL Performance”, AIAA Paper No. 2002-2132, May 2002.
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Predicted GaussiaRadius

TEMOO Mode Radius for Plano Concave Resonator

L =0.8m

0t=0f="JL(R,-D)
T

A=1.315m 0, = », =1.0656mm

R,=10m v, =1.11mm
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Rays and Angles Unwrapped
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Graphical Method of Determining the Number of Round-Trips to Image
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Number of RoundTrips to Image/Repeat

Plano-Concave Stable Resonator

Linearized Plano-Concave Stable Resonator
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Stable Resonator With Galin

(-




Example LasdrResonatorSetup

Primary Mirror

Secondary Mirror ROC = 10m
Flat / R, omina=95% « 0.2m R R omina=100%
t
v
Variable \
Diameter G= exp(O.S- a-L (%+ 1/ satj)
< >

0.8 m
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Wave Train Model
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Wave Train Model Of Laser Cavity

W WaveTrain Transmitted

B WaveTrain Incident

i A AREJ?| o ARD?

............................................ WaveTrajnInspecturlj * VacuumP C‘_'f'll: = jWaveTrajnInspecturlj * VacuumP C}’ll' e
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Initial Modeling Results
(No Intensity Averaging)
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Intensity patterns for last frame and intensity plot along th
central axis of Averaged intensity show the evolution of
various modes with increase of aperture diameter

Mormalized Aweraged intensity

1 , '
Theory | 200
: |\ Simulation 0 Aperture diameter =
: ; ; 240
0.5 ol N\ —— . 2.0 mm
: | : 280
300
0 320
-2 -1 0 1 2 200 220 240 260 280 300 320
x 10°
1 ' ; i Morrmalized Averaged intensity
Theory
=== Simulation 222
05 . o] A\ — < > @ Aperture diameter =
| i - 2.5 mm
320
q? _,;I 0 1 2 200 220 240 260 280 300 320
x10°
NOTE: Theory is TEM,, shape. ===—==
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Intensity patterns for last frame and intensity plot along th
central axis of Averaged intensity show the evolution of
various modes with increase of aperture diameter

'I I | | i Mormalized Averaged intensity

Theory 200
= Simulation 220

240

0 5 /[l A\ - B - Aperture diameter =

3.0 mm

280

300

320

200 220 240 260 280 300 320

Maormalized Averaged intensity

200

Theory

— Simulation =0
< > Aperture diameter =
j:j 3.5 mm
320

2 200 220 240 260 280 300 320

3
x 10
NOTE: Theory is TEM,, shape.
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Intensity patterns for last frame and intensity plot along th
central axis of Averaged intensity show the evolution of
various modes with increase of aperture diameter

Mormalized Averaged intensity
1 5 :
Theory ]
— Simulation Aperture diameter =
Q054 ................. ................. ................. | < > 40 mm

0 ' ' ' 200 220 240 280 280 300 320
-2 1 0 1 2

x 10°

Marmalized Averaged intensity

200

220

Aperture diameter =
4.5 mm

240

> 50

280

: Théory :
| ==Simulation | :

300

; ; : 320
0 T T i

'2 '1 0 1 2 200 220 240 260 280 300 320

x 10°
NOTE: Theory is TEM,, shape.
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Intensity patterns for last frame and intensity plot along th
central axis of Averaged intensity show the evolution of
various modes with increase of aperture diameter

1
sl \ £\ 1Y [ - Aperture diameter =
: ' 5.0 mm
| Théory :
- |=——Simulation |.
L4 o 1 2

NOTE: Theory is TEM,, shape.
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roundtrip

P

Output Power
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Larger apertures are more unstable due to

mode competition for gain.

o i e el oy
#_,..u-""""“#'—n---r"" I|""'I-...,.,.-,.._..--I-u!---n-i-

2 mm
L —— 2.5 mm

—3 mm
3.5 mm

| — 4 mm
——=4.5mm

L[ —— =5 mm

Small apertures

L have fairly stable
results.

400 500 800
lterations

200
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Results Analysis

w We found that by only using one iteration to calculate the
Intensity going into thesaturablegain, that intensity profile
gFa o0SAY3 AGLINAYGISRE 2yi2 (0K

w We needed some way to stabilize the intensity being used for
the saturablegain calculation, so we tried adding the ability

to average the intensity over a usspecified number of
previous iterations.

w Physical Justification: We are modeling the CW resonator wit|
a single plane in the optical axis. Averaging allows us to
Include effects from other samples in time to add effective
resolution along the optical axis.
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Example Iteration without Averaging

Single lteration Intensity Computed Saturable Gain
20 4
40 )
60
2
80
20 40 60 80
Intensity Next Iteration Intensity Next Iteration After Gain

20

40

60

80

20 40 60 80
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Example Iteration with Averaging

Average Intensity Computed Saturable Gain

20 20 4
40 40 3
60 60

2
80 80

20 40 B0 80 20 40 B0 80
Intensity Next Iteration Intensity Next Iteration After Gain

20

40

60

80

20 40 60 80
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Comparison of PosGain Intensity
with and without Averaging

Intensity After Gain

Input Intensity

20

With Averaging
40

60

80
20 40 60 80

NOTE: The intensity profile only

changes slightly with intensity
averaging. Without Averaging
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WT Model of Gain

Medium

WaveTrain incidentOC

WaveTrain transmittedToPM

" WaveTrain transmittedToOC
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Description of theGridFloatFilter

w We developed thé&ridFloatFilteto average a user

specified number of intensity frames together to get
a more stable intensity profile.

w We found that the best results are achieved when
the number of iterations over which to average is

equal to the number of roundrips to image (see
earlier derivation).

¢ The original logic here was that the Fox & Li technique is

modeling a single slice of a continuum of fields and by
averaging we can take this into account.
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Model Results for 1drame
Intensity Averaging

1000 Iterations
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Output PowerPSD
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Small Aperture Results

Mormalized Aweraged intensity

200
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A 4

260
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Mormalized Averaged intensity
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Theory
= Simulation
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0
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x 107
1 ! i
Theory
= Simulation
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0- e : e
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NOTE: Theory is TEM,, shapeio™
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Medium Aperture Results

Mormalized Averaged intensity
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Larger Aperture Results
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Mormalized Averaged intensity
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Largest Aperture Results

Marmalized Averaged intensity

1
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064 ______________________________ e I 5.0 mm
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Comparison of Intensity Profiles

2-mm Aperture

1000 Iterations
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Output Power Analysis vs. Iteration
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The averaging case converges more rapidly and to a stee
state in the presence of multiple transverse modes runnir

11-Frame Averaging

No Averaging

450 ! ]
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400 1 AT T T | ——2.5mm
—3mm
' - ' - 350
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300{ /7~ | T 25mm 300 ! mm
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2501 1 e e e e e s 35mm| £ 250 | =—=5mm
|' ,f” —4 mm E ,'
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Shape and power Level is comparable for small apertures, but significantly different for
larger apertures. We are now trying to anchor to Rigrod power predictions.

|
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PreliminaryRigrodComparison
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Comparison with and without
Intensity Averaging

wlIntensity averaging before theaturablegain
causes a more stable output power vs.
iteration and faster convergence

wLonger runs with averaging showed that the
iIntensity profile is stable, but rotating.
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Intensity Frame Averaging on
the Small (5smm) Square
Aperture Laser Model



Reduced Aperture Beam Profile

w Movie shows last 100 :

% 10

irradiance frames

w Change Iin pattern over time
IS due to timedependent
phase differences between | =
dominant HG modes of the
cavity

w This time dependence is
easily verified through a

PR(LD] w10°

simple geometric ray

RADICL_Run_06-Last100.avi

analysis Aperture Diameter = 5mm
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HG Decompositiolg Accuracy

wUsing theoretical waist, decompositions of the
fields were performed, and show very good

accuracy
Original Irradiance Reconstructed Irradiance
" 10'3 Original Irradiance, Run06-14003

« 10 Recon Iradiance, Run0B-14003 [HGs (mn <= B)]

107

4.4
5

-2 -1
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Beam Profile Decomposition

wIn fact, the timeaverage of the last 100

Irradiance frames has some characteristics of
a HG22 mode:

~100-Frame Avg.
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HGDecomposition
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Rigrod Analysis of Power Level

WaveTrain model

predicted ~19W _ _
7 w Rigrod predicts power for

Gf F NBS 2 dzi LJdzi
and for uniform field

w Thus we would expect a
non-uniform field to have
lower power (or
equivalently a smaller
GaSTTFSOUABSE |

o
O

8)
O

Piedicted Power (W)
o
O

204 @ |_Rigrod = 1.5974e+006
. . Wim»2
0 i i i w Flattening simulated fields

to |_Rigrod matches
closely to 3.5 mm
aperture

Square Aperture Side Size (mm)

~3.5mm
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5-mm Sqguare Aperture
Conclusions

wModeling results showed that the field could

be decomposed well intblermite-Gauss
modes.

wThe small aperture produced results
consistent with that expected from Rigrod

analysis within a reasonable area scaling
factor.
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Intensity Frame Averaging on
the FullAperture (6Gmm
Sqguare) Laser Model



Full Aperture Power Output

6000 r : ' ' 5819.6
50001 5819.4
— 4000 - —
= < 5819.2;
o 3000 )
3 5 5819
0 20001 o
1DDD' | 58188'
0 - . . 5818.6 - - - ;
0 0.5 1 1.5 2 1.99 1.992 1.994 1.996 1.998 2
[teration X 104 lteration X 104
P~ 6 KW
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WaveTrain result very comparable
with the Rigrodanalysis.

5 5 X 10" | |
w Rigrodanalysis very
N accurate in the large
< Z T N R | aperturecase because
o aperture is >> than TEM
D%: 1.0 mode size.
B e w As we will see in the next
% 5 : : : slides, large number of
E 05 ()l ~6 KW@ 6cm |-..) modes results in i
’ ’ : : adzy AT2NXNe 0S|I
0 better match toRigrod

20 40 60 80 100 120 assumptions.
Square Aperture Side Size (mm)
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Intensity profiles near the end of the
simulation appear almost random
0SOldzaS 2F UKS Y|l yeé
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