Analysis of “fratricide effect” observed with GeMS and its relevance
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What is the Fratricide ﬂEﬁUect? ézlna[ysis Methods & Results

Fratricide effect, in the

Adaptive Optics (AO) field, is when photons back-scattered from a s Method 1: WFS Frame-to-Frame time ﬁactiona[-variaﬁifﬁy qf the ﬁatriciafe gﬂ:ect This can be done by
laser propagating through the atmosphere are detected in the Wave subtracting consecutive frames during an observation and studying the statistics of those differences.

Front Sensor (WFS) detectors used to monitor the Laser Guide - The photon flux in a given pixel identified by its position (i,j) in the WFS detector at a a given time (f) is the sum of the photon fluxes from: the
Stars (LGS) created by other lasers in a given LGS asterism. The LGS star which can vary in time as a function of the Na atoms column density (C,,), of laser power (P), and of changes in the atmospheric

hotons due to fratricide effect incr the noise in th detector’ optical depth (z,,,,), as well as the detector photon-noise (assumed of normal distribution with magnitude o). Besides, those pixel affected by
p_ otons due 1o fra I(_:I € efiect | C €ase the noise | 0se de e_C or's fratricide effect (for which the §;;=7) get contributions from three sources of back-scattering: Molecular Rayleigh (R), Atmospheric Aerosols (A),
pixel affected by this effect. This, decreases the accuracy in the and Cirrus Clouds (C),. Each of these contributions has its own time-scale variability.

computation of the WFS centroids, ultimately degrading the
performance of the LGS’s wavefront reconstruction algorithms.

D, (1) =D, (t,P.Crys T o) + 0, - N(O,1)+6, -{@fj(z,P)+c1>;‘§j (t,P)+ D, (t,P)} (Eq. 1)

arm

goafs qf fﬁiS Sfltd,y « When _Ioo_king. at the fratricide variability from WFS frame-to-frame, we subtracted from each instantaneous WFS frame the running-average
frame in time intervals of 3 s, 1 s, 100 ms, and 50ms, given the following overall results:
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A 3-s running average fratricide time series, after
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- Atmospheric aerosols (dust particles in the atmosphere) s >p ? ST ARE 6 ot 1
- Cirrus clouds (Ice crystals). Cirrus clouds form in the upper levels of the § 207 £ 215 RRTTO e 121, 1 P ' AT ARl S ) - B T 2
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The data available for this study consists of: Fractional Variabilty, [%] Tine elpsed, soconds (RTC operaiing at 200 Ha)

19 GeMS WEFS data-cubes, that were obtained at different times in the course
of 2011 and 2012. In each case, lasers are propagated in the local zenith

direction. sMethod 2: Tmctiona[-\/ariaﬁi(ity is obtained By suﬁtmcting ﬁom each ﬁatricic{e-aj%cwc{ Sub-

Each data-cube is a 3D array that includes the time series of photon-fluxes f { { ﬁ { -

detected in a 32x32 pixels detector array for each of the 5 LGS in the GeMS 'gz[y erture ((l %Lad,cje[,[com 0566{0 2X2 déwcwr}? 1,X6[S) tﬁe Stgna[ om a 116136601’ SUE ‘.le? erture not”

asterism (5 Wavefront Sensors). cﬁctzc[ 6y the gﬁ'amcu[e efJect. In this approach, it is assumed that the 1t and 2"d terms in the Equation 1 are of
similar magnitude between the sub-apertures. So, everything that will be left behind in the subtraction is the photon-flux due

Fxample of a WFS Frame and the Fratricide Photon to fratricide effect.

inati Power Transmitted: 26.3W . . . . o .
contamination Results are shown below in percentage. It is very easy to notice that the fractional variability is smaller in those cells close to the center (and of

Units are photons/pixel/frame order 5%, 1-sigma/mean-fratricide-flux) increasing to about 10% at the edge (where the fratricide flux magnitude is lower). The figure on the
Frame sampling = 200 Hz (5ms) right shows the profile of the fratricide photon-flux as a function of altitude (i.e. as a function of Sub Aperture position radially out from the
center). The profiles are normalized to the fratricide photon flux observed in the corresponding center Sub Aperture) The purely atmospheric
Rayleigh backscattering should decrease with the scale height of atmospheric density.
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The fratricide pattern generated by GeMS and its omazed s i
sources

- The geometric pattern of the Fratricide Effect depends on the

number of lasers being launched (number of stars in the artificial Physical Modeling of the Fratricide Effect: Comparison of the magnitude of photon flux Observations
asterism), and on the angular geometry of the asterism. & Model
- Sources of back-scattered photons: - A physical model following the contributions in Eq. 1 was developed by Liangi Wang (Wang et al., 2010) The following figures compare the
- The molecular volume back-scattering () is proportional to the absolute magnitude of the observed Fratricide effect by GeMS and the results from a physical model that uses a profile of temperature and
atmospheric density (air molecules number density). It can be shown barometric pressure for the GEMINI South Observatory location. The region indicated by the arrow includes the

that molecular photon-flux variability is proportional to the fractional effect of a Cirrus Cloud. The others, only

rMod'e( ‘Parameters include the effect of molecular and aerosols
back-scattering.

variability of atmospheric temperature (see equations below).
Temperature fluctuations in 1-s time scale are below 1%.

Cirrus clouds back-scattering affects specific pixels depending on clouds

altitude and their thickness. QeMS Observation

Atmospheric aerosols (dust), it contributes to back-scattering at lower 516
altitude levels, and depends on the concentration of dust particles. 0 1443 77 199
Advection of dust a mid levels in the troposphere with local wind can be 156 B

a source of variability in the fratricide photon flux due to aerosols.
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