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I'm a Hawaii-born Optical Engineer UcSE
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Learned to be a human here B.S. Optical Engineering Ph.D., M.S. Optical Sciences
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Hey Telescopes are cool! Hey Optics is cool! Hey Telescope optics are cool!
- Young Jaren, probably - Slightly older Jaren, probably - 5 months ago Jaren, definitely
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Just finished my
first two weeks!
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Polarization and High-contrast Imaging

How the direction light wiggles interferes with our goal to find aliens with
strategic light-blocking



Detfining Polarization ussh

“Light wiggles in a direction” y

>

We typically concern
ourselves with the electric
tield because it's easy to
detect

Definition

The Polarization is the
orientation of the E vector

Source: Wikimedia commons



)

ADEC (

2023/01/03 HD34700 - VAMPIRES 750nm
20 25 —6 —4 —2

b. Stokes Uy

1.0 -

0.0 -

100 au 158 min 100 au

1.0 0.5 0.0 0.5 . . K
ARA (7) ARA ()



I Defining High-contrast Imaging

The Star and Exoplanet What a telescope sees

Source: NASA

UCSB
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IDirect Imaging with Coronagraphs UcSB
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Effect of Coronagraphy

Without Coronagraph With Coronagraph

|
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Log,,( contrast )

Unpolarized
aberration

Polarized
aberration

O

Concentrated
near IWAI

Polarized +
Unpolarized

About as
bright as an
exo-Earth*

Source: J. Krist 2019 SPIE




I Next-Generation Telescopes ULsh

All have direct exoplanet imaging as a science goal

HWO

Ground-based . . L . Space-based
All will experience polarization aberration



I Next-Generation Telescopes Uesh

All have dirg

But how do we model

{ ’\ polarization effects?

5\2 =
-
=

Ground-based . _ s _ Space-based
All will experience polarization aberration



I Polarization Modeling in Python

*This is an ad o1
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Poke: an open-source ray-based physical optics platform

Jaren N. Ashcraft?, Ewan S. Douglas®, Daewook Kim*P°, A.J. E. Riggs?, Ramya AncheP,
Trent Brendel?, Kevin Derby?, Brandon D. Dube?, Quinn Jarecki®, Emory Jenkins?, and Kian
S. Milani®

Check out the SPIE Proceedings
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# Compute the Jones Pupil from the Z0S raytrace and coating
rf.compute_jones_pupil(aloc=np.array([0.,1.,0.1),

UCSB
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peak contrast

ELTs Contrast Degradation
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Anche, Ashcraft,

and Haffert et al. 2023
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The Path Forward

There exist modeling tools that
allow us to simulate an
observation

Leverage astrophysical degrees
of freedom (integration time,

R

iz

number of observations) to
optimize detection!

ZeZezese
o2ele
-




HWO Parameter Study Team ucss
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Breann

Ashcraft Sitarski Stark

(UCSB) (Goddard) (Goddard) (Goddard)
John Krist Brian Fleming
Rhonda Morgan Dimitry Savransky
Brian Kern Emiel Por Collaborators
Brandon Dube Ruslan Belikov
Pin Chen Manuel Quijada

STScI | science msmure



How we validate our optical modeling tools

I Polarimetry in the Laboratory



I Polarimeter Operation in Python  USSB
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Katsu is a platform for
integrated Mueller
calculus simulation and Katsu . i Vi

. . version 0.2 ») I  RotatingPSA .(/
polarimetry in the = o pits | 0 FE
laboratory Ashcraft et al in Review, JOSS . e - (s

Polarimeter "\-‘ FredPsa  BEH / ;q"

Polarizer §
¥5 5»,-3 -
. J=I

| Rotatm@SG

' Quarter wave Plate |

- \ Multlmode ;
I<enJI F|berSource

Mulhall e
(Contributor) Ashcraft etal 2024




Polarimetry of a Coronagraph ~ UCsE
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SCoOB
Coronagraph

Indicative of coating inhomogeneity
and/or anisotropy

Ashcraft et al 2024 Ashcraft et. al 2022




Guess the
Name!

g
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First testbench of my NHFP!




Moving Forward with Derp* ussk

Slide 22

A remotely-operable polarimetry testbed at UCSB Exopol lab

Pushing the sensitivity limits of
polarimetry in the lab with:

Polarization phase retrieval

Polarimetric digital

holography

Minimum-covariance
polarimetry

First testbench of my NHFP!

-

*The phoneticization of the Dual-Rotating Retarder Mueller Polarimeter (DRRP) acronym (I blame my grad students)



I Summary

e HCIl in the next decade must
now contend with polarization
aberration

* Open-source tools help us
model & validate the
polarization of optical
Instrumentation

Goal: Validate optical models
of polarization aberration

Optical
Modeling

Slide 23

Laboratory
Validation

Iterate to

maximize
Exo-Earth
Yield!

Refine
Design
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Thank you very much!
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Metasurface Polarization Optics ~ USSE




UCSB
——

A Unitary Jones Matrix
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II\/Ietasurface and Polarimetry Team

e ; | ' AN T\ <
Jaren Ashcraft  Skyler Palatnick ~ Will Melby Max Millar-
NHFP Fellow UCSB Physics UCSB Physics Blanchaer
Graduate Undergraduate =~ UCSB Physics
Faculty

How do we make and measure spatially-

varying polarization optics?
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Internships at UH IfA uesh
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Akamai 2016 Cohort, UH IfA Maui UH IfA REU 2017 Cohort, IfA Hilo

"p-.'n,- '-‘W.j‘ ‘ "ﬂ “JJ‘: .u:ggy‘\ 4¢ i. qj‘i&& LY, [
Worked with Dr. Jeff Kuhn and Dr. Andre Fehlman Worked with Dr. Christoph Baranec

Did a 2nd Akamai in 2018 with Reni Kupke at UCSC
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Summary uesh

* Polarization is an exciting phenomenon in astronomical
telescopes that can both help and hurt high-contrast imaging

* We've developed open-source modeling tools to determine
sources of polarization aberration

* We are designing methods by which to measure polarization
aberration

* | am doing this work from Hawai'i to assist with the
development of the local STEM workforce



UASAL's Gromit Polarimeter
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Space
Coronagraph
Optical
Bench

4

Ashcraft et. al 2022
Yes, that Scoob
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Observing SCoOB with Gromit  UCSB
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y

Rotating PSA
Quarter-wave Plate

Fixed PSA

Enables Full Mueller
Polarimetry of a
Coronagraph’s Exit Pupil

Direct measurement of
polarization aberrations!
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I Nonlinear Optimization ek

f = Difference in image with respect to target
g = Change in image with respect to Apodizer

Compute image o Compare to
f Target Image

‘ Advance N iterations l

Evaluate le Compute change

Apodizer g

L-BFGS-B
Minimize

Ashcraft et al in Review, JATIS



APLC-3.5 Apodizer

Focal Plane Mask

3.5/D

Focal Plane Mask

2.51/D

Lyot Stop

Lyot Stop

Takes about
45mins to
generate on an
NVIDIA V100S
GPU node

. 37
Ashcraft et al in Review, JATIS



Fresnel Reflections UcsB

Reflection
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"Software Agnostic” Uesh
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Ray Tracer Tools Diffraction Modeling Tools
CODE V s HCIPy
File
> *| POPPY
version 1.0
Zemax
. 1. Runs Ray Trace .
> rysm
File 2. Compute Jones Pupil Pry
3. Make Jones Pupil

compatible with
Diffraction Modeling Tools




I Vortex Coronagraph Residuals ~ USSE

Higher charges are
better at rejecting
polarization
aberration

Residuals decrease
by approx. an order
of magnitude!

Before Optimization

After Optimization
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Charge 6

Contrast



Throughput
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Evaluate Coronagraphs
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= APLC-3.5
= APLC-2.5
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APLC-2.5

Degradation is
small!
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