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Each of these optics is a source of 
aberrations

AdVirgo optical layout

The best optics that current
technology can produce



Test mass fabrication process (òCold defectsó)

} Non - uniformity of the substrate transmission map;

} Mirror surface figure errors .

Thermal effects

} A tiny fraction (O(ppb)) of the power circulating in 
the interferometer is absorbed and converted into 
heat;

} Mirrorõs temperature increases;

} Mirror deforms (thermo - elastic deformation );

} Refraction index depends on temperature;

} Non - uniform optical path through the optic.
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Substrate transmission map (measured 
at LMA on a aLIGO mirror)

Surface roughness map (simulated)
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Effects of aberrations

Scatter light to 
HOM, cavity
power decreases , 
loss of SNR

Scatter light to HOM: 

} SB cavity power decreases , loss of 
SNR and lock ;

} Worsen interference at BS, junk 
light at the dark port , loss of SNR



} Somehow we must induce in the optics an aberration equal but opposite to the defects;

} òCold defectsó are time independent, buté

} éthe strength of the thermal lens will change with time: different ITF operating conditions, 
change in the absorption levels with time;

} We must use an adaptive (flexible) system in order to be able to change at will the strength 
and shape of the corrective lens;

} Do we have to flatten the OPL over the whole size of the mirror? Ą NO, only where there is 
the ITF beam! That is approximately 1.5 times the size of the beam on the TMs.
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We can think of heating the mirrors at 
specific locations, to induce a òcorrectiveó 
thermal lens (exploit thermo - optic effect).

Since the mirrors are our free - fall test 
masses, we cannot think of gluing a heater 
on them.

The only òtouchless ó way to heat the mirror 
is by shining it with a radiation that is 
completely absorbed (>5 mm for fused 
silica).

LIGO and Virgo Ą use of CO 2 (l=10.6 mm) lasers to heat the peripheral of the input 
test masses: this wavelength is all absorbed within a thin layer of SiO 2

Initial LIGO

eLIGO and Virgo



} Advanced detectors aim to improving the 
sensitivity by a factor of ten at all frequencies ; 
also where the shot noise is limiting;

} Thus, there will be much more power circulating 
in the arm cavities (from 20 kW to 700 kW);

} Amplitude of the thermal lensing increases by 
more than one order of magnitude;

} One more effect becomes relevant : thermo -
elastic deformation will change (increase) the 
RoC in both ITMs and ETMs, affects the FP 
cavity.
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Green dots: heating rings

Compensation plates shined with CO2

laser will correct thermal effects in
the RCs

Ring heaters will compensate HR 
surface deformations

This set up allows to control independently the thermal lensing and the 
ROCs (JPS 363, 012016, 2012)
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Power absorbed by TMs is about 
0.5W, wrt ~20mW in initial detectors
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TMs ROC tuning

Å Correction of the thermo - elastic deformation of the 
TMs is accomplished with RHs:

Å The RH bends the whole optic, in the opposite direction as 
the self - heating of the TM Ą ROC decreases;

Å Can apply correction if TM ROC does not meet the 
specifications and must be decreased;

Å On the ITMs, the RH also provides some correction of the 
thermal lensing.

Å In case some optic does not meet the requirements 
and ROC need to be increased, a solution can be the 
Central Heating RoC Correction ( CHRoCC):

Å Central heating increases the ROC by changing the profile of 
the HR surface;

Å Heat pattern from infrared source projected on the TM;

Å Installed on Virgo ETMs (CQG 30, 055017, 2013).

GEO

aLIGO

AdVirgo
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Å The heating profile must be much more precise 
than in initial detectors
Å Size of the beam on ITMs become larger (from 2 cm to 5 

cm);

Å Virgo - like system is not enough

Å Too high content of higher order modes in RF sidebands

Å Necessity to optimize the CP heating pattern
Å Linear iterative optimization process based on FEM 

developed, to take into account radiative coupling btw TM 
and CP and the presence of the RH. Uses the OPL increase 
as error signal.
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Optimal heating pattern Resulting Optical Path Length
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