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GRAVITY: Observing the Universe in Motion
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Setting the Scale — just to scare ...

1 Schwarzschild radius

a coin on the moon




Phase Referenced Imaging & Astrometry

S0PD =B.&a— B.f = B.(ad—f)
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Phase Referenced Imaging & Astrometry

Contrast (B) <-> FourierTransform (Image)
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GRAVITY Astrometry & Imaging

—

o 4‘

F Beam stablllzatlon
Beam stab|l|zat|on -

1

' \ i A Adaptlve Optlcs ';‘-l_ ; '_ i
Adaptive Optics

/ / | Beam stabilization
RN s Comner
IR Adaptive Optics

n Beam stabilization

. _.—-'q;._,_x._a-.:_;_h:
I. Beam stabilization
—

" Metrology

I Beam stabilization P
Beam stabilization



Adaptive Optics
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Brander, Hippler et al., Clenet et al. 2010



Detectors

Adaptive Optics and Fringe Tracking
SELEX/ ESO development of Infrared i

Avalanche Photo Diode array:

Noise Histogram of HgCdTe eAPD ME/88 single DCS

2.75e-@ 5.8 ms

QE=70%, RON=6.5 e-, 4 pix/sL
off-axis, zenith angle=30 dg
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Beam Combiner Instrument

o Acquisition Camera Spectrometers
Guiding system 2

Metrology
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Haug, Thiel et al.



Single Mode Instrument

Injection

—_—
To the

10 combiner
spectrometer

Fibre section 1: Fibre section 2: Fibre section 3: Fibre saction 4:

Injection differential delay line polarization rotator Fibre array
1O assembly

Fluoride glass fibers (OHANA)
 optimum throughput in K-band
* possibility to measure in unpolarized light = sensitivity

Perrin, Perraut, Jacou et al.




Fiber control

Secondary Star Primary Star
AS < 60 arcse

Perrin et al.




Visible laser

Jacou et al.
2010,
Perraut et al.

Integrated Optics

Optical equivalent of
electronic integrated
circuits




Integrated Optics

K-band operation Cryogenic operation

D: Steady-State Thermal [ANSYS)
Température
Type: Température
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Spectrometers

Collimator

Metrology Laser Injection

Grism wheel

Dichroic + Blocking Filter ' - c :
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Straubmeier et al. 2010




Fringe Tracker — Kalmann Control

turbulence
vibration 1
vibration 2
vibration 3
noise
total

power spectral density

power spe

10*
frequency

Menu, Choquet , Fedou, | '

10!

Dembet, et al. frequency (Hz)




fringe position (um)

Fringe Tracker
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Narrow Angle Astrometry
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Interferometric Astrometry
5 nm SOPD =B.&d — B.f = B.(a— )

500 um 10 pas



Interferometric Baseline

80PD = B.d — B.f; =(B)(d—f)

ERILOSURE

Phase reference of the metrology

Narrow angle baseline
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Lacour et al.



Interferometric Baseline

80PD = B.d — 5.5 =(B)(d —§)

Telescope 1 Telescope 2

Metrology
_ diode
FT Imaging
Baseline

SC Imaging
Baseline

Lacour et al.



Narrow Angle SEREINLE

SOPD =E.ci — B.f =(B)(d — -
Stable realization of the
narrow angle baseline 500 pm
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Interferometric Astrometry
SOPD =B.&d — B.f = B.(a— )

OPD measurement Error Metrology Error

* Phase error on SC target * Phase measurement error

* Phase error on FT target * Metrology wavelength stability Baseline Error
* Wavelength error
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* Short term stability?
* Long term stability?

+Ap0,

Dispersion Error \_~2P

2 {1)(!-1)1‘:'1"1 = P'UP.\“\)
— Ay - (pupprs — PUPy2)

(PUPsc2 — PUPM2)
(pupge; — P“P_\n]/.

* Hysteresis of the fibered delay lines Bl IT e Ercer
* Refractive index of air upitpYs g

* Refractive index of fluoride glass * Tip-tilt error

Lacour et al.

* Lateral pupil error
*Longitudinal pupil error




Pupil Errors




Interferometric Astrometry
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Interferometric Astrometry
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Align your fibers (angles) well, and actuatepmh_nmiLcAAAdn_Lhaaﬂne actuator
-> Telescope pointing error / common tip/ti||{ R e R e S
— Aoy - (pupprs — PUPy\2)

Acquire well, and actuate tip/tilt of both fibe|EFAC IR Sy Ay
-> Pupil error does not hurt too much --A.-il - (pupsc, — pup

.\11
Control puplil such that fiber pupils are fixed on metrology reference

Minimize Tip/Tilt and guiding errors

Lacour et al.



Tilt Control

Atmosphere VLTI Tunnel
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Pfuhl et al., Amorim et al. 2010,



Pupil Control
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Fibercoupler

Rotation Stages
Shutters
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Pfuhl et al. 2010 X,Y,Z Stages



Rabien et al. 2008, Bartko et al. 2010, Gillessen et al.



GRAVITY Key Figures

Milestones:
 Final design in 2011/12
* Installation at the telescope in 2014

- Fringe Tracking: _
B « UTs: K~10 mag Astrometry:
e ATs: K~7 mag e few 10 pas in 5 minutes

Interferometric Imaging:

e UTs: K~16, ATs: K~13 in 100s
 SNR(V) = 10 for visibility
* 5(¢) = 0.1 rad for referenced phase



Thank you very much for
your attention
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