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The Hyper-Angular Rainbow Polarimeter (HARP) is a mission designed to accurately measure microphysical properties of clouds and aerosols from space. . . . . L . . - . . . o 6x6 -~ 442nm
A candidate for the NASA Decadal Survey Aerosol-Clouds-Ecosystems (ACE) mission, HARP is a wide field-of-view (FOV), multi-angle imaging polarimeter F or ACE conS|derat!on, h|ghly. accurate, . multi-angular maging polanmgter Defining a4 r_eIahonshm petween detector C.OUMS and scene polarization 175 - L73A 8x8 ——  551nm
. e . . . . o : . . . . instruments are required, especially to retrieve total and polarized information  Characterizing polarization across the entire HARP FOV
that splits three spatially-identical images into three independent polarizers and detectors. This technique is the key innovation to achieve high polarimetric . . . . L " . . 10, _ 150! 670nm
accuracy with no moving parts from low light aerosol scenes. This necessitates a rigorous calibration scheme « Verifying the accuracy of the HARP system with models and experiment g g 873nm
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The HARP program advances Earth remote sensing in several ways: Characte ri Zi ng P Olarl ZEd and TOtaI Rad |ances ‘gt 075 § 075 NN T e e i
« Continues ongoing studies on aerosol-cloud interactions and their climate-related uncertainties [1]. . | | . | * 050 R T \ N N
«  Sensitivity to non-spherical particles and the variance of a particle or droplet size distribution. A rotating polarizer at the aperture of an integrating sphere with Stokes parameters are normalized and defined extemal to the instrument. The C- - 025 - e e ]
«  Angular and spatial resolution improvements over prior and current imaging polarimeters (0.05°, 2.5km spatial) known depolarization used to calibrate HARP for polarization. matrix that results takes into account all optical interactions inside the system | | | | | | | | |
« Pixel-level retrievals across the entire 114° FOV, avoiding large-scale homogeneity assumptions [2]. .00 T o 0.05 PO P P alentReflectance 07

* Hyper-angle imaging: 60 unique viewing angles at 0.67um, and 20 at 0.44,0.55, and 0.87um.
« Simultaneous imaging avoids false polarizations [3].

This C-matrix is applied to HARP observations
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* Highly optimized, refractive optics enables wide F.OV measurements in.a compact housing and at.a fractiop of the-cost of high-profile satellite missions. sphpre at NASA GSFC Calibration Facility, for wavelengths. Experimental SNR from GSFC radiometric calibration drives a simulated HARP calibration
« (lobal coverage (HARP CubeSat, HARP2) and simple adaptation and integration to a variety of aircraft (AirHARP; B200, ER-2) % £ radiometry (left). model for the nadir portion of the sensor. This assessment is still in early stages of development
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Schematic of the HARP optical assembly. The modified Phillips prism helps separate  Stripe filters on each detector polarization at all pointsin  opcerved detector counts (a.u.) 442nm 2-8”—’0-12:/0 0.9 e for an 8x8 pixel region along the principal plane is
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Detector counts (/) at a given angle of the polarizer, wavelength,
- - - - and pixel are related to incident Stokes parameters (1,Q,U) [4]:
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Multi-Angle Observation Michigan Ozone Study (05-06/2017),
AIrHARP observed sunglint over Lake

Michigan.

Malus Law and Uncertainties

An unprocessed AIrHARP image,

taken through the detector stripe filter, 570nm. 3x2 px Nadir The system C-matrix and associated error is calculated using a least (v.), and thermodynamic phase of a cloud scene.
is shown (far left). 12 ] sensora | | squares approach, involving measurements of the polarization dome at
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INOtICte fh?t)t|9|!”t -~ - & N Al 0.450 » Intercompare L1 ACEPOL products with RSP, SPEX, AirMSP! for test cases (glint, dark ocean, etc.)
S notvisibie In all angles Multiple Angles | cB;g 8??; « Assess the viability of GRASP algorithm [6] for multi-pixel aerosol retrieval
In this way, we can image the angular signature of light scattering from cloud droplets, aerosols, land and ocean surfaces. This information helps to: Polarizer Rotation Andle REfe rences
* Infer surface and ocean properties (BRDF, pBRDF) . . .
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