NIRPS: a stepping stone for AO-fed high-resolution
spectroscopy on ELT's
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ABSTRACT

NIRPS is a near-infrared, fiber-fed, high-resolution precision radial velocity (pRV) spectrograph currently under
construction for deployment in 2020 on the La Silla 4-m telescope. Through the use of a dichroic, NIRPS will be
operated simultaneously with the optical HARPS pRV spectrograph and will be used to conduct ambitious planet-
search and characterization surveys through a 720-night of guaranteed time allocation. In order to minimize the
instrument’s size, maximize spectral resolution and maintain a reasonable overall efficiency, NIRPS 0.4” fiber is
fed by an Adaptive Optics (AO) system and will be one of the first instrument to do so. The combination of AO
and high-resolution spectroscopy is seen as one of the most promising methods for direct detection of exoplanets
in reflected light with ELTs. NIRPS will provide a first opportunity to test, on sky, modal-noise mitigation, fiber
coupling efficiency, and retrieval, through cross-correlation, of a handful of self-luminous imaged planets. NIRPS
will pave the way for instruments such as TMT PFI and ELT HIRES that will attempt the direct characterization
in reflected light of super-Earths, and even possibly Earth-sized planets.
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1. INTRODUCTION

Precision radial velocity (pRV) measurements are key in the study of exoplanets, either for the discovery of hith-
erto unknown planets or to measure a dynamical mass of a planet uncovered through photometric measurements
(i.e., transits). For the vast majority of systems, pRV is the only means to obtain dynamical masses; the main
exception being very compact systems where transit-timing variations can be detected. As of late-2019, 1060
planets have had their masses determined through pRV, and these measurements are key in establishing bulk
properties when combined with radius measurements, thus providing the only constraint we currently have on
these planets interiors. In recent years, instruments designed for pRV have also proved to be excellent tools
to probe planetary atmospheres through transit spectroscopy® 22 or through cross-correlation techniques when
probing the unresolved light of the planet and its host star.*®

While optical (0.4-1.0 m) pRV is now a mature field with a number of instruments delivering  1m/s
accuracy over timescales of years (e.g., HARPS,® ESPRESSO’), near-infrared pRV (chiefly Y, J, H and, for
some instruments, K) is still in its infancy. A number of nIR pRV instruments have seen first light in the last few
years (e.g., SPIRou,® IRD,® CARMENES-IR,!° HPF,'* GIANO'?). There are a number of reason to move pRV
efforts to the infrared; most notably, stellar activity is expected to have a lesser effect at nIR wavelengths, cool
stars are brighter at these wavelengths than they are in the optical, and a number of chemical species (e.g., He,
H,0, CHy4, CO) have strong signatures in this domain. While reaching an accuracy similar to that of optical pRV
remains challenging, an number of exciting transit spectroscopy and thermal emission results have demonstrated
the interest of the near-infrared domain for the study of exoplanets.t3 14

2. NIRPS & HARPS; A PRV DUO AT THE LA SILLA 3.6-M TELESCOPE

The NIRPS'® instruments is a nIR pRV spectrograph currently under assembly and slated for first light at the
La Silla 3.6-m telescope in the second half of 2020. NIRPS is a joint endeavour of teams from the Observatoire
de Geneve, Université de Montréal, Université Laval, Laboratoire d’ Astrophysique de Grenoble, Universidade do
Porto, Instituto de Astrofisica de Canarias, Universidad de Natal.

NIRPS is a fiber-fed spectrograph that covers the 0:98 1:80 m domain and is scheduled for first light at
the ESO 3.6-m telescope in late-2020. It will be used simultaneously with the High Accuracy Radial velocity
Planet Searcher (HARPS®), providing a simultaneous optical (378 nm - 691nm) and Y JH coverage; a similar
approach has also been pursued by combining GIANO with HARPS-N? at the TNG 4-m class telescope. This
broad wavelength coverage will enable activity correction in precision radial velocity; planetary Doppler signal
is achromatic while activity-induced jitter is stronger at shorter wavelengths. NIRPS is designed for very stable
spectroscopy, with a goal of reaching < 1m/s radial velocity accuracy over timescales of years. Calibration is
performed through a set of uraniun-neon and Fabry-Pérot étalon lamps; a laser-comb option is currently being
pursued.

The overall architecture of NIRPS is similar to that of other fiber-fed pRV spectrographs, as it includes a
front-end module (see Figure 1) where light is injected into a fiber. This fiber travels to a back-end cryostat (see
Figure 2) maintained in a environmentally-controlled pier lab where it is dispersed at very-high resolution by a
cross-dispersed spectrograph. Simultaneous calibration is recovered simultaneously with science observations by
interlacing science and calibration orders on the array.

3. AO-FED FIBER HIGH-RESOLUTION SPECTROSCOPY

In order to minimize the size of the spectrograph and its optical elements, we opted for a small fiber fed by an
AO system. The 0.4” fiber (so-called High Accuracy Fiber, or HAF) is a factor of 3 smaller than what would
be required for a seeing-limited instrument. All other things being equal, the grating of a HRS scales linearly
with the size of the input fiber: therefore the spectrograph of NIRPS is particularly compact, with an optical
train only 1.2m in length (i.e., two times less than HARPS for instance). This ensures both a high resolution

( =A 100000) while maintaining a compact form. Of particular interest, the R4 grating ruled area is only
80 320 mm.

A larger, seeing-limited fiber (so-called High Efficiency Fiber, or HEF) covering 0.9” is also available for
fainter targets for which the AO performances are sub-optimal. The far-field of this octagonal fiber is sliced



Figure 1. Schematic view of the NIRPS front-end. The optical beam continuing towards the HAPRS pRV continues
straight toward its bonette, while the > 0:7 m flux is sent to the AO system for wavefront sensing and science > 0:98 m.

Figure 2. Exploded view of the NIRPS back-end spectrograph. The optical bench itself is only 1.2m long.
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