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Why Photonic Spectrograph? : ~10x Sensitivity Advantage

Exoplanet spectroscopy is in the background-
limited regime -> we must maximize exoplanet flux
Fp while minimizing background flux Fb: SNR ~

sqrt(T) Fp/sqrt(Fb)
-> exposure time T required scales as Fb/Fp?

Conventional spectrograph is defined by an aperture radius, within which planet
light is collected according to encircled energy and background light is collected

according to aperture area.

Photonic Spectrograph couples all planet light into a fiber while collecting the
minimum background contribution from (4/Pl) (lambda/D)*2 sky area.

Photonic spectroscopy
100% of planat light
Background area = 127 (WD)

r=0.635 VD aperture

Ideal case - Diffraction limited PSF (Airy),
unobstructed telescope: 2.5x gain

Photonic spectrograph

1 62% of planat Iight Fo ares Fp Realative sfficiency is 2.5x more efficient
Background area = 1,27 (VD)* VD)2l FpiFb +. that an optimally sized
i 4iP|=1.27 1.0 0 - -
omamcdos e e : « aperture feeding a non-
Aperturn r=0.5 WD 0.79 047 0.36
r=1.22 D aperiure : photonic spectrograph.
{ 84% of planet light Apertrs r=0 835 VD 1.27 0625 0.39
Background area = 4.68 (VD)* Apertiars r=1.22 VD 4 .68 0.84 0.19
Inner planet

Coronagraphic PSF is distorted by
coronagraph near its inner working
angle

Simulated planef PSF (noiseless, starght
and exozodi removed) for 2 YD separation,

Aperture required to gather
most planet light ~ 5 (I/D)?

Distorted PSF of innar planat
(red arrow) is located in high-
background area with strong
sxozodi and starlight
componants

Simwated exposure with phofan
noise

case: ~10x gain
3 day vs. 1 month
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Implementation on  ||Conagraph sysiem 1+ WGP PREIONICSpRCiGMpn

Opbcal fiber planal spactnam

Subaru/SCExAO cetered on | | [ig) | Petonie nulling spectrograph (PNS) - a
planet lecation b : Science dete

instrument L ———= | meerand””

,__.‘"—‘—-—. i
Photonie lantarn Ty :-..M‘S

“Conventional” high contrast Lo, 30, 2048 008} » . e

imaging system: [[.) wavefront 1 B

control and coronagraph + (3] :

imaging/IFS science detector highly-efficient photonic spectrograph (3, 0. 3.
------- T Photonic spe cirograph: 5 KEY STEPS TO EXOPLANET SPECTROSCOPY

Fiver ight dis persed on NIR

|m Coronagraph system removes most of the staright from the
image

)| Camera or Integral Field Spectrograph for (spectro-)
imaging of planetary system

@Phamln
nudiing chip

@A small field, centered on the exoplanet, is injected in a

tonic lantern

The output modes are processed by a photonic nulling chip
that separates planet light from residual starlight
f(3) Planet light is sent to a science spectrograph. Starlight used
for tracking and controlling the residual starlight

@Fud te

ImagingWs$ detector

nVuMmm
control and

Coronagraph
optics

’B Photonic

::‘:‘m:‘:?;" Ahn, K, Guyon. O Lozl J of o "SCERAD: a wstbed for develaping
high-contrast imaging e chnologies for ELTs" SME vol 11823 (2027)

1.2m x 0.9m bench




