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1 Introdution 

Partial absorption of the high laser p o wer in the Virgo arm avities by the mirror substrate or the 

oating leads to surfae deformations and thermal lensing, whih ompromises mode mathing and 

p o wer buildup in the interferometer [1]. A tehnique for measurement and orretion of these defor-
mations has been proposed and tested in the GEO ollaboration [2, 3]. Here we a r e i n terested in the 

orretion method, whih onsists in sanning a strongly absorbed laser b e a m (e.g. CO2) over the 

mirror surfae; the laser power (or sanning speed) is modulated in order to heat more where originally 

less intra-avity p o wer was absorbed. 

The sanning, although muh faster than the thermal relaxation time of the mirror, will ause 

time-dependent mirror deformations. Here we investigate their infuene on the VIRGO sensitivity. 

Here we onsider only a retangular sanning pattern. 

2 Model 

An order-of-magnitude estimation an be obtained by onsidering a onstant (non-orreting) TV-like 

sanning: A quadrati feld of width and height L on the mirror is subdivided in N horizontal stripes; 

the heating beam sans over eah stripe from left to right and then jumps to the next one below, or to 

the beginning of the frst one if none is left. The beam has a quadrati beam shape and flls the width 

of a stripe without spilling into the upper or lower one. The irradiation time is muh shorter than the 

time sale for heat ondution and thermal equilibration of the mirror. The heating beam is absorbed 

in the surfae layer of the mirror, and the irradiated p o i n t is immediately deformed in proportion 

to the absorbed energy, so that the deformation linearly inreases during exposure to the beam. We 

onsider the steady-state ase: During one omplete san yle, there is no average hange of the 

mirror shape. This means that the deformation aquired during irradiation relaxes ompletely until 

the next hit of the heating b e a m , and the surfae of eah zone just osillates around its equilibrium 

position with a sawtooth-like  harateristi. The amplitude U of this osillation is given by 

 I
U =  t  ir 

Is 

=
s 

,
Is 

N2 

where Is 

is the san frequeny, tir 

the irradiation time per point, Is 

the absorbed power density a n d k 

the thermal deformation oeÆient of the surfae. The latter an be obtained by e v aluating the data 

min [4] to be about 6 x 10�7 .
se Jjm� 

During the san, the movement of the mirror surfae as a whole (negleting wavefront distortions), 

seen by a refeted plane wave, is given by � � 

uP(t) = 

1
u(x, y, t) dx dy = 0  

L2 

Sine two p o i n ts on the surfae behave the same way apart a time delay, the surfae average is 

equivalent to a time average over one p o i n t, whih is, by defnition of u, zero. Hene for a plane 

wave the mirror surfae does not move. If, however, the mirror is part of a Fabry-Perot avity w i t h a 

resonant TEMoo 

mode, the latter sees a mirror movement of 

uoo(t) =  '  oo 

I u(x, y, t) I 'oo 
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) u(x, y, t) dx dy

 = 0 ; 

the time averaging argument f r o m a b o ve does not hold here, beause of the inhomogeneously (Gaus-
sian) weighted surfae averaging. So the efetive  a vity length osillates during the sanning. 
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N 16 Numb e r o f r o ws in san 

n 8. . . 64 Number of samples over one san beam width 

L 200 mm Height / width of sanned feld 

Is 

5 H z San frequeny 

6 x 10�7 

m 

se Jjm� 

Thermal deformation oeÆient 

Ps 

1 W Heating laser power 

P 20 kW Intra-avity  YAG p o wer 

W 55 mm Gaussian beam radius of YAG on mirror 

A 3 ppm YAG absorption in oating 

Table 1: Parameters used for numerial alulations 

Numerial analysis 

The p o wer of the heating laser was hosen suh that its p o wer density, averaged over the sanned 

area, was about twie the maximum absorbed power density of the YAG beam, in order to be able to 

oo(tsuÆiently heat the areas far from the avity axis. The mirror osillation u ) w as alulated using 

the disrete form of Eq. 1: 

N n�N 2 2 �� x
oo(t

2 ij 

+ yij
u ) = 

2 

exp(-2 ) uij 

(t)
W nN 

2 W2 

o i  j  

with the parameters given in Tab. 1.  Over the width of the san beam, n sample points are taken; 

this number is adjusted aording to the upper spetral frequeny of interest. 
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Figure 1: Efetive  a vity l e n g t h  hange seen by the resonant TEMoo 

mode during one san yle. 

The result is given in Fig. 1.  With the bare eye, one reognizes an osillation at the san frequeny 

Is, ontributing almost all of the peak-to-peak amplitude of 1.5 pm, and one at the line frequeny 

N · Is. Fig. 2 shows the spetrum. Apart from the dominant peaks at Is 

and N · Is 

there is a multitude 
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Figure 2: Amplitudes of the various spetral omponents of the efetive mirror movement o f F i g . 1 . 

of other frequenies at multiples of Is. While the low-frequeny ontribution may b e orreted by 

the interferometer loking servo, the higher frequeny omponents, although rapidly dereasing in 

amplitude, are more worrying. Fig. 3 shows the efet of reduing the san frequeny by a fator of 10. 

Obviously the slow osillations b e  o m e 10 times stronger, beause eah zone has more time to heat 

up and ool down, but at high frequenies the amplitudes beome muh weaker. In Fig. 4, the san 

resolution N was redued while maintaining the total sweep area. The low frequeny ontribution is 

the same, but one observes redued peak heights a high frequenies. 

A better way to redue perturbations in the Virgo sensitivity range may b e to inrease the san 

frequeny by not using mehanial atuators, but e.g. aousto-opti modulators (AOM) for b e a m 

defetion. Fig. 5 shows a simulation for a whole-surfae san frequeny Is 

of 5 kHz. Apart from 

being at the upper edge of the detetion range, the fundamental peak has also a dereased amplitude 

due to the thermal inertia of the mirror. 

4 Conlusions 

Intuitively one might expet that it is better to use high san frequenies in order to minimize the 

amplitude of the residual mirror pulsation. However, it seems to be better to use low san frequenies 

for reduing the spetral omponents in the detetion range of VIRGO. Low san resolutions are 

favorable beause they further redue the frequenies involved in the san. Perhaps other san methods 

have better high-frequeny harateristis; for example, irular sanning might be more appropriate 

for the irular symmetry of the YAG beam. 

It remains to be determined whether the line spetrum generated by sanning is ompatible with 

the Virgo requirements. A w ay t o a void this onern is to use non-mehanial beam defetors, whih 

allow pushing the fundamental frequeny beyond the Virgo detetion range. 

The time-variable deformation of the mirror has the additional efet of reating higher-order 

TEMmn 

modes on refetion, thus ausing losses, mathing efets et. Whether these are worth while 

looking at, is yet unknown. Anyway, t h e y h a ve been negleted here. 
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Figure 3: Comparison of spetra for Is=0.5 Hz (line 1) and 5 Hz (line 2). The envelope of the spetral 

lines is shown for failitating omparison. 
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Figure 4: Spetra for N =8 (line 1) and N =16 (line 2) at Is=0.5 Hz. 
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Figure 5: Spetum of mirror surfae movement for N =16 at Is=5 kHz. 
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