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ABSTRACT

We provide an overview of the design and capabilities of NIRSpec, the near-infrared spectrometer onboard the James Webb Space
Telescope. NIRSpec is designed to be capable of carrying out low-resolution (R= 27� 290) prism spectroscopy over the wavelength
range 0.6 � 5.3µm, and higher resolution (R= 440� 1275 or R= 1165� 3500) grating spectroscopy over 0.7 � 5.3µm, both in single-
object mode employing either one of five fixed slits, or a 300.1⇥300.2 integral field unit, or in multi-object mode employing a novel
programable micro-shutter device covering a 30.6⇥30.4 field of view. The all-reflective optical chain of NIRSpec and the performance
of its di↵erent components are described, and some of the trade-o↵s made in designing the instrument are touched upon. The faint-end
photometric sensitivity expected of NIRSpec, and its dependency on the energetic particle environment that its two detector arrays
will be subjected to in orbit, is discussed in some detail in the Appendix.
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1. Introduction and Background

The James Webb Space Telescope (JWST) is a collaborative
project between NASA, ESA and the Canadian Space Agency
(CSA). The history and scientific objectives driving the JWST
mission, and the top level requirements of the observatory and its
instrument suite have been described by Gardner et al. (2006).

Although fundamentally di↵erent in design, and emphasis-
ing the near-infrared part of the electromagnetic spectrum, the
JWST mission can be regarded as the direct result of an unan-
ticipated scientific finding of its predecessor, the Hubble Space
Telescope (HST).

Prior to its launch in 1990, it was widely thought that HST
would contribute relatively little to the study of galaxies at high
redshift, on the grounds that remote galaxies were presumed
to be large, extended and relatively featureless, such that the
higher spatial resolution a↵orded by the di↵raction-limited HST
would o↵er little or no advantage for their detection and study.
Nonetheless, the first deep exposures obtained with HST gradu-
ally revealed this presumption to be incorrect – faint galaxies at
high redshifts turned out to be small and physically compact, at
least in the rest-frame ultravoilet wavelengths probed, with the
faintest and most remote objects only just resolvable with HST.
This realisation soon led to a series of lengthy targeted obser-
vations of the high redshift universe, culminating in the Hubble
Deep Field and subsequent follow-on programs that have pushed
the HST observatory and its successive series of imaging cam-
eras to their limits in sensitivity (Williams et al. 1996, 2000;
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Giavalisco et al. 2004; Beckwith et al. 2006; Koekemoer et al.
2007; Grogin et al. 2011; Illingworth et al. 2013). The circum-
stance that the vast majority of the galaxies detected in these
deep surveys are too faint for spectroscopic follow-up with cur-
rent facilities, has led to the development of techniques for deter-
mining the approximate ‘photometric’ redshift of the objects by
fitting assumed template spectra to their broadband colors (e.g.
Dahlen et al. 2013). This ‘poor man’s spectroscopy’ approach
is greatly aided at high redshift by the strong intervening inter-
galactic neutral hydrogen absorption which causes near total ab-
sorption of the spectra shortward of the onset of the Lyman For-
est at the rest frame Ly↵ line. Although many such high redshift
‘drop out’ galaxy candidates at z > 6 up to z ⇠ 12 are presently
known (e.g. Oesch et al. 2016), nearly all of these objects await
proper spectroscopic confirmation and detailed follow-up study.

The goal of picking up where HST comes to short in ex-
ploring the universe at large look-back times with a larger aper-
ture near-infrared-optimized space telescope, has driven much of
the initial design of the JWST observatory and its instruments.
This is especially true of the near-infrared spectrograph onboard
JWST, NIRSpec. The required capabilities of NIRSpec were the
subject of considerable debate during the early design phase of
the mission. The overarching scientific objective set for NIRSpec
since its inception was to enable near-infrared 1-5 µm spectro-
scopic observations of the most remote galaxies imaged by HST,
and eventually obtain spectra of even more remote objects dis-
covered by JWST itself; thereby not only allowing their precise
redshifts to be determined, but bringing the battery of spectro-
scopic diagnostic tools of modern astrophysics to bear on their
study (e.g. Chevallard et al. 2019).
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