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Laser emission: Gaussian beam

Gaussian

« Gaussian beam IS a beam of
monochromaric electfromagnetic
radiation whose transverse magnefic
and electric field amplitude profiles
are given by the Gaussian function;
this also implies a Gaussian infensity
profile.

« Gaussian beams and the higher-order Gaussian modes are solutiongtag
the wave equation for an electromagnetic field in free space o%
homogeneous dielectric medium:

(V2+k?)E(x,y,z) =0



I O The Tundamental fransverse Gaussian moae (* [1EMgg). Is:

— jkz — jk +j(z
2= Jko R TV

where

2
w(z) = WoJl + (i) Is the radius at the plane z

Zp = m Is the Rayleigh length

2
R(z) =z[1+ (=) ] isthe radius of curvature of the
ZR
beam’s wavefront

P(2) = tan~1(=) is Gouy phase shift
ZR



IEM p DESCIIDES ThE INTENAEd OUTPUT O MOSI IASers
'OCUSEQd INTO The MOST conceniraied SPor
Problem: the electiric field of the laser beam cannot be described only by the
i r

Eer-frasversal moaes.
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Instability of the laser beam

» Spatial instability, known as beam jitter, IS due to the miIxing
of higher order modes with the fundamental mode (TEMQO).

 Amplitude and phase fluctuations are created by beam
jittfer whenever the beam inferacts with a spatially sensifive
element such as an opftical cavity

- Frequency instability /

N
NOISE SOURCES




Solution: Pre-Mode Cleaner (PMC)

 |t's a friangular ring cavity




* Only the fundamental mode Is resonant — hence ‘Mode cleaner’ - and the
higher order modes, having different cavity €eigen frequencies, are
aftfenuated or suppressed.

1

1+(%3’Sin(%Avmn)>2]

Transmission = T, = Tgo T
2

where

* SIS the finesse of the cavity

o
3
)
o
°
O
=
£
wn
c
S
|

Lenght of the cavity

o Av,,, =—(m+ n)larccos( 1-— £) Is the difference in frequency between
2L T R .
any higher order mode 7EM,,, and the
fundamental mode TEM,,



Building a Little PMC

What do we need?

» A spacer » Two clamps and an endcup

e Two flat mirrors and a curved mirror

 Piezoelectric transducer ,
(PZT) “

DCC E1400332-v 1
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Serl up for 1esting the Litiie PMC
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Mode maiching
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How much is the waist of the beam?
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The beam size is 1177.3 ym
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Z (cm)

w(z) (mm)

3.3%0.5 0.90%0.05

)
S

5.8%0.5 0.53%0.04

9.6%0.5 0.049%+0.003

w

13.3%0.5 0.56*0.04

18.5%0.5 1.18%0.06

A\

—

23*0.5 1.83*0.06

15 20 25
Distance from the lens (cm)

34*0.5

7 \2
w(z)=wy 1+(—>

Size of the beam (m
N

"

Zp

-

Zo = 9.4 * 0.5 mm from the lens <:| Yo = DOZ0.U05
wy = 0.044£0.001mm



Ch0|se of Ienses

G 9y, )6 9y DE 90 )=(y

A

w(z)?

and g =(z—2y)+qo



Future work

» Gluing the PZT 1o the mirror and the mirror on the
endcup

* Driver for the PZT

- Lock the PMC /
» Characterize the PMC (i.e. measure the mode /
matching and the fransmission)

» Use the cavity In opfic experiments (e.g. squeezed
ight)
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Seismic noise in LIGO: solutions

Seismic noise due fto vibration of the lalboratory is a low frequency.: limit
for the interferometer in LIGO /\\

Q Active isolation

Passive isolation

!

Multiple stages platforms
separatfed by  spring
assembly for the opfics
and suspension of the
opfics themselves

J. Driggers, G1500001



Active isolation problem: tilt-to-franslation coupling

F. Matichard et al, P1400061

« At low frequency (< 40 mHz) the seismometer signals are tog contaminated
by ground filt to be used for active control



Iwo different approches

/ \

Measuring filt Filtering tilt

! !

Independently Mechanically filter ftilt

measure ground
tilt and subtract it

Suspended sfructure




Tilt-free seismometer

Regular
seismometer

AT

minn

Suspension
Wire

Suspended

Suspended
..... seismometer

F. Matichard et al, P1400061




Pendulum resonant frequency y Below The pendU|Um
= resonant  frequency: the

suspended platform motion
follows ground franslafion

« Above the tilt resonant
frequency: ‘tili-free’

Tilt resonant frequency
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F. Matichard, DCC P1400060
seismometer






Tilt injection: current driver for the coill
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* [est Tne circult with the coall

-OMmponents 1o breadnoadrd

 Measurement of the Tilt to displacemen
function
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