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• Reach full sky coverage in 
Galactic Plane and 10% in 
Galactic Poles 
=> install LGS on all UTs 
=> conclude installation of dual-beam


• Open high contrast (then 
shorter wavelength, nulling) 
=> high order AO 
=> vibration tracking


• Rejuvenate VLTI for the next 
20years, deal with several 
obsolescence.

“The mission of GRAVITY+ is to implement faint, all 
sky, high contrast, milli-arcsecond imaging at the VLTI” 
(consortium MoU, Feb. 2020)

From GRAVITY to GRAVITY+
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New Science
• Measure AGN mass and gas dynamics up to epoch of peak 

galaxy formation at z ~ 1 − 3. Together with reverberation: 
independent measurement of the Hubble constant.


• Orbit of faint and/or yet-unknown stars around Sgr A*, 
astrometry and polarimetry of SgrA* flares


• Obtain high-quality spectra and orbits of exoplanets, closer 
and deeper. Characterise Gaia exoplanets.


• Study accretion-ejection in large samples of HMXB, LMXB, 
and YSO, instead of handful of objects. Observe flares and 
transient.


• Establish whether star clusters and globular clusters harbor 
(the elusive) intermediate mass black holes.

Better AO 
Improved throughput

Improved throughput 
All sky

Improved throughput 
All sky

Improved throughput 
All sky
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High Contrast xAO 
Improved throughput
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5 Performance requirements  
 
The top-level performance requirements are taken from the GRAVITY+ proposal [RD1]. There is a 
requirement to obtain high Strehl ratios for bright objects, and one to go to faint guide stars, 
implying a high-order AO system and the use of laser guide stars (Figure 1). The performance 
requirements are given in Table 1.  
 
The performance requirements will be detailed as part of the phase-A study as specified in the 
statement of work [RD3]. The top level requirements will be accordingly updated for the next 
project phase. 
 
Table 1: Top-level performance specifications for GRAVITY+, the acronyms are given in 
appendix 1. 

Science case AO mode FT mode AO star 
R mag 

SR* in  
K-band 

FT star 
K mag 

FT rms OPD 
for K = 10 

SC-FT 
distance  

SC star 
K mag* 
 

Galactic 
Center 

LGS off-axis 14 > 50% 10 < 100 nm Up to 30'' 22 

Extragalactic, 
faint galactic 

LGS / 
NGS 

on/off-axis 18 (LGS)  
10 (NGS) 

> 50%  13 
(goal 15) 

< 100 nm Limited by 
STS **  

22 

Exoplanet & 
high contrast 

NGS on-axis 10 > 75% 10 
 

< 100 nm Limited by 
GRAVITY *** 

22 

* When operating close to the guide-star. For off-axis operation, the performance will be reduced by 
atmospheric anisoplanetism. 
** The available patrol field of the current PRIMA STS is about 1’ radius 
*** Separation between exoplanet and host star limited by GRAVITY dual field FoV of 2’’ UT 

 

                         
 Figure 1: Requirements on the Strehl ratio of the GRAVITY+ adaptive optics for natural guide star 
on-axis (NGS, blue) and laser guide star (LGS, red) mode in K band. Adapted from RD2. The blue 

arrow marks the performance for the on-axis, high-contrast ("exoplanet") science case, the red 
arrow for the off-axis ("extragalactic") science case. 
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Figure 20 Top: overall ERIS performance in Ks band including the error budget contributions. The
TLR values are also shown for comparison. Blue line is NGS-mode, red line is LGS-mode. The verti-
cal dotted line at magR=13.2 represents the transition of better on-axis performance between NGS

and LGS mode. Bottom: Resume of performance in J, H, Ks, K, L’ and M’ bands.

We compare off-axis results for LGS and NGS modes. These values are obtained using the follow-
ing formula:

GRAVITY+ NGS

GRAVITY+ LGSTRL3

TRL1 TRL2



Reaching “all sky”
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Few thoughts on JMMC / GRAVITY+
• Most JMMC efforts related to GRAVITY are 

relevant for GRAVITY+


• Aspro2, SearchCal, OiFitsExp are the most 
used and recognized tools by GRAVITY users/
consortium.


• Preparation of observation for faint objects will 
be a big deal

• Need to search for 2 reference stars 

• Need to compare LGS / NGS modes


• Pipeline still under leadership of consortium. 
Possible evolutions are stilll being explored by 
experts.
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Ideas ?  

• Work on Aspro2 noise model including 
the basic effect of AO with on/off-axis 
and lgs/ngs modes ?


• Think of a way to search AO/FT 
references sources around science 
coordinates ? 


• OiFits explorer basics (e.g click to 
discard point, make the top-left 
browser usefull…)
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7.3 Schedule

Figure 16 shows the schedule for GRAVITY+. Each upgrade can be implemented
independently, and can start immediately. The phased implementation will minimize the
impact on operation, and provide new science abilities at the end of each phase.

Figure 16: Schedule for the GRAVITY+ upgrades.

7.4 Risks

Risks of GRAVITY+ are reduced by the extensive reliance on the heritage of ERIS and the UT4
LGSF. In case of delayed development of the 40 x 40 actuator deformable mirrors, the fallback
is the existing 25 x 25 technology, sufficient to serve the needs of all current VLTI instruments
and for all laser guide star supported science. A later upgrade is straightforward.
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Planning
In short:


• The project is on a “success 
oriented” schedule.


• On-track so far.


• Dual-field observations start 
now, but LGS arrive 2025


