Spectroscoplc

Astronomy
David Aguado

OECE 2026

BeiHang University




ESA-JWST .~



ESA-JWST

JWST ADVANCED DEEP EXTRAGALACTIC SURVEY (JADES)
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WEBB SPECTRA REACH NEW MILESTONE IN REDSHIFT FRONTIER

NIRCam Imaging

NIRSpec Microshutter Array Spectroscopy
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ESA & NASA/Solar Orbiter/SPICE team; Data processing: G. Pelouze (IAS).




DA+ (subm) . SDSS DR16 6x6 arcmin field
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HOT GAS GIANT EXOPLANET WASP-39 b

ATMOSPHERE COMPOSITION

Amount of Light Blocked

NIRSpec | Bright Object Time-Series Spectroscopy
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HR 8799 planetary system: SO/M. Janson



From Newton to Fraunhofer: The discovery of
spectral fingerprints

1666 — lIsaac Newton: Demonstrates that white light
contains different colours using a prism.




From Newton to Fraunhofer: The discovery of
spectral fingerprints

1666 — lIsaac Newton: Demonstrates that white light

contains different colours using a prism.
1802 — William Wollaston: Observes dark lines in the

solar spectrum. e
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From Newton to Fraunhofer: The discovery of
spectral fingerprints
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Source: Fraunhofer Society / historical archives.



From Newton to Fraunhofer: The discovery of
spectral fingerprints

1666 — lIsaac Newton: Demonstrates that white light
contains different colours using a prism.

1802 — William Wollaston: Observes dark lines in the
solar spectrum.

1814-1817 — Joseph von Fraunhofer: Systematically
maps hundreds of solar absorption lines.

1859-1860 — Kirchhoff & Bunsen: Establish the
connection between spectral lines and chemical elements.

Kirchhoff & Bunsen, Chemische Analyse durch Spectralbeobachtungen (1860)



From Newton to Fraunhofer: The discovery of
spectral fingerprints
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Kirchhoff & Bunsen, Chemische Analyse durch Spectralbeobachtungen (1860)



From Newton to Fraunhofer: The discovery of
spectral fingerprints

1666 — lIsaac Newton: Demonstrates that white light
contains different colours using a prism.

1802 — William Wollaston: Observes dark lines in the
solar spectrum.

1814-1817 — Joseph von Fraunhofer: Systematically
maps hundreds of solar absorption lines.

1859-1860 — Kirchhoff & Bunsen: Establish the
connection between spectral lines and chemical elements.
Late 19th century: Spectroscopy becomes a fundamental
tool for stellar classification and astrophysics.
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How a Spectrograph Works: Dispersing and
recording light

TARGET STAR
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LIGHT FROM SKY
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science.nasa.gov



How a Spectrograph Works: Dispersing and
recording light

Entrance slit , Collimator ) Disperser Camera ) Detector

Light selection — Parallel beam — Wavelength separation — Focusing — Signal recording

F\ = f(A) =



How a Spectrograph Works: Dispersing and

recording light
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A dense hot object emits light at all wavelengths,
with brightness shaped mainly by its temperature.

Hot, dense source —
continuous spectrum

Q Emission Spectrum
hot, low-density gas

_*ﬁ\»
4 R N

Types of Spectra & Kirchhoff’s Laws
9 Absorption Spectrum

hot, dense

O-

cooler

star gas

- |

~/ N~

. %

short A long A

;hort A

long A

Excited gas —
bright emission lines
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Continuum + cooler gas —
dark absorption lines
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Atoms emit photons at specific wavelengths
when electrons fall to lower energy levels.
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Cool gas absorbs the same wavelengths it would
emit, creating dark lines on a continuous spectrum.
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Different Spectrographs: Resolution,
multiplexing and spatial information

Spectrograph type Main feature Example






Different Spectrographs: Resolution,
multiplexing and spatial information

Spectrograph type Main feature Example



DESIRES73776_setup01_b2x2_C5_e0.094_x0.246 - CCD1 - 26 traced orders
HI.20261031.35641.98

Dispersion pixel



Different Spectrographs: Resolution,
multiplexing and spatial information

Spectrograph type Main feature Example
Long-slit Information along one slit OSIRIS, ALFOSC
Echelle High spectral resolving power UVES, HIRES

Multi-object  Simultaneous spectra DESI, WEAVE
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Dark Energy Spectroscopic Instrument



Different Spectrographs: Resolution,
multiplexing and spatial information

Spectrograph type Main feature Example
Long-slit Information along one slit OSIRIS, ALFOSC
Echelle High spectral resolving power UVES, HIRES
Multi-object  Simultaneous spectra DESI, WEAVE

IFU spectrum at each spatial sampling element MEGARA,MUSE



Credit:Marc White (RSAA-ANU)




Different Spectrographs: Resolution,
multiplexing and spatial information

Spectrograph type Main feature Example
Long-slit Information along one slit OSIRIS, ALFOSC
Echelle High spectral resolving power UVES, HIRES
Multi-object  Simultaneous spectra DESI, WEAVE

IFU spectrum at each spatial sampling element MEGARA,MUSE

Slitless Dispersed spectra without a conventional slit Gaia BP/RP



Gaia-BP spectra
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The Digital Revolution: From photographic
plates to CCD detectors

Annie J. Cannon was the curator of photographs at the Harvard College Observatory, charged with the care of some 300,000
photographic plates of stars made by Harvard astronomers. Bettmann / Getty Images



The Digital Revolution: From photographic

plates to CCD detectors
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