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Objectives: 

1. Explore the effect of UV radiation, representative of various 

stellar irradiation processes, on photochemical hazes in the 

atmospheres of sub-Neptune exoplanets

2. Understand the destruction or alteration of photochemical 

hazes in diverse atmospheres by measuring laboratory 

haze samples subjected to UV radiation, including their 

chemical, optical, and physical properties before and after 

UV-evolution.

3. Evaluate the effect of UV-evolved hazes in theoretical 

spectra of sub-Neptunes.

Background:

• Photochemically-produced exoplanet hazes have particle 

sizes of 10s-100s nm and can initiate from a range of gases, 

such as O- and S-rich precursors (e.g., He et al., 2020)

• Exoplanet hazes can produce larger-than-Rayleigh scattering 

slopes in exoplanet transmission spectra at optical 

wavelengths (Ohno et al., 2020) and/or dampen spectral 

features in the IR (Morley et al., 2013) 

• However, the formation and evolution of exoplanet hazes are 

only beginning to be understood through laboratory and 

theoretical experiments

• Exoplanet systems can have different stellar types with 

different UV fluxes, which can also dramatically influence the 

pathways and persistence of photochemical hazes.

Approach and Results:

• We conduct laboratory and theoretical investigations to 

determine the effect of stellar type on the haze evolution of 

sub- Neptune exoplanets, planets <3REarth.

• UA graduate student Lori Huseby is leading this work as 

part of her PhD, and has been trained in both the radiative 

transfer (RT) modeling (with PICASO, an open-source RT 

code) and the use of the spectroscopy suite, vacuum 

systems, and UV lamp with Co-I Moran 

• Co-Is Huseby and Moran completed irradiation in full for 

two samples over August 2023. Samples were one “water 

world” atmosphere with trace methane and one with “water 

world” with trace carbon monoxide. (Fig 1)

• Co-I Huseby performed microscopy of the 2 samples post-

irradiation, showing the influence of the irradiation and 

composition differences. 

Figure 1: Streamlined schematic of the experimental setup, simulated 

atmospheric compositions and conditions, UV bombardment process, 

measurements, and experimental outcomes. Two laboratory hazes were 

produced (the initial conditions varying only in the minor carbon source) in the 

PHAZER chamber (He et al. 2017) by exposing the gas mixture at room 

temperature to an AC plasma source. After the hazes were produced, each half 

of the films were exposed to UV irradiation under two different filters. The 

transmittance and reflectance spectra pre– and post–UV irradiation of both 

samples were measured using a FTIR spectrometer in order to quantify 

molecular changes and destruction during the irradiation process.
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Significance/Benefits to JPL and NASA:

• This project will lead to the development of first of their 

kind laboratory exoplanet hazes that have been 

subjected to UV radiation, as representative of stellar 

flux by diverse host stars, with a particular focus on M 

dwarfs

• M-dwarf stellar hosts are extremely common, yet 

the influence of this UV radiation regime on haze is 

unknown

• Results from this effort will have applications for future 

transit observations of sub-Neptunes with JWST.
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F igur e 1. St reamlined schemat ic of the experimental setup, simulated atmospheric composit ions and condit ions, UV bombard-

ment process, measurements, and experimental outcomes. Two laboratory hazes were produced (the init ial condit ions varying

only in the minor carbon source) in the PHAZER chamber (He et al. 2017) by exposing the gas mixture at room temperature to

an AC plasma source. After the hazes were produced, each half of the fi lms were exposed to UV irradiat ion under two different

filters. The t ransmit tance and reflectance spect ra pre– and post–UV irradiat ion of both samples were measured using a FTIR

spect rometer in order to quant ify molecular changes and dest ruct ion during the irradiat ion process.

Table 1. Gas composit ions of the two samples made at

300K, 1 mbar. Gas mixtures represent approximately equi-

librium composit ions at 1000x metallicity, scaled slight ly for

experimental simplicity. The two haze samples differ in the

minor carbon source.

Sam ple 1 Sam ple 2

75% H2O 75% H2O

10% N2 10% N2

10% CO2 10% CO2

5% CO 5% CH4

the Johns Hopkins University Planetary Haze Research

(PHAZER) laboratory (He et al. 2017). Here we briefly

describe the haze product ion process, also further de-

scribed in He et al. (2017); Hörst et al. (2018); He et al.

(2020a, 2024).

Gases, except for the water vapor, were premixed into

a stainless–steel cylinder with high–purity gases pur-

chased from Airgas (N2 – 99.9997%, CO2 – 99.999%,

CH4 – 99.999%, CO – 99.999%). Thegas mixtureflowed

at a rate of 3.4 standard cubic cent imeters per minute

(sccm). Water vapor(HPLC water, Fisher Chemical) is

int roduced to the system at a pressure of 1.25 Torr at

the 300K experimental temperature.

The gas mixture was then exposed to an AC glow

discharge in the PHAZER react ion chamber, as seen in

Figure 1. The AC glow discharge is not analogous to

any planetary atmospheric mechanism, like lightning,

or stellar phenomenon, like a coronal mass eject ion, but

is rather representat ive of energet ic processes happening

in the upper atmosphere. By ut ilizing this method, the

AC glow discharge is able to dissociate stable molecules

without altering the ambient gas temperature found in

thechamber. Thisdischargeselect rons into thegascom-

posit ion flow, which init iated thechemical processesnec-

essary to form solid part icles and new gas–phase prod-

ucts. We note that the energy density used in the AC

plasma source(Heet al. 2020a,b) was170 W/ m− 2, much

higher than the quant itat ive flux received by temperate

exoplanetsorbit ing M dwarf stars in quiescence (e.g., GJ

1214b ⇠3.5W/ m2). This is due to the fact that labora-

tory simulat ions usually use a higher energy density to

accelerate the chemical process in order to analyze and

observe the chemical impact within a reasonable t ime-

line (e.g., He et al. 2024). To prepare the film sample

for this experiment , an opt ical–grade MgF2 subst rate

plate (diameter: 25 mm, thickness: 1 mm, Cryst ran)

was placed into the PHAZER chamber for sample col-

lect ion. MgF2 subst rate plates were ut ilized as MgF2

is chemically–inert and transparent in the wavelength

range of 0.1 – 9 microns. The newly formed solid part i-

cles set t led down the chamber onto our MgF2 subst rates

as thin films. The AC discharge exposure cont inued for

72 hours. The samples were then kept under vacuum for

48 hours to remove any volat ile components.

After the vacuum purge and return to ambient pres-

sure, the PHAZER chamber was t ransferred to a dry

(< 0.1 ppm H2O), oxygen free (< 0.1 ppm O2), N2 glove

box (Inert Technology Inc.) at Johns Hopkins Uni-

versity to collect the haze products with no exposure

to the Earth’s atmosphere. The haze products were

then stored and kept stable for 8 months protected

from Earth ambient atmosphere and light sources. This

storage period has previously been shown not to affect

PHAZER samples, with part iclesmaintaining their orig-

inal composit ions (Moran et al. 2022). After haze pro-

duct ion and between experiments, the haze products

Figure 2: Enlarged spectrum 

between 3500 - 1000 cm-1 of the 

5% CH4 (top) and 5% CO 

(bottom) sample haze as a 

function of wavelength. Between 

pre and post-bombardment, 

there are larger changes in the 

5% CH4 spectrum compared to 

the 5% CO sample.

Figure 3: C-O stretching features of 

the 5% CH4 sample seen pre- and 

post-irradiation in reflectance (top) 

with percent change (bottom) 

between the pre-irradiation filter and 

each irradiation filter respectively. 

The irradiation process degraded 

the spectral features by large 

percentages.

• The 5% CH4 sample degraded more during the irradiation 

process compared to the 5% CO sample (Fig 2)

• Higher energy flares (240nm filter) cause more degradation 

through the haze spectra than lower energy flares (320nm filter) 

(Fig 3)

• Results were submitted to AAS Journals in Sept 2024

• Future work for Y3: Use PICASO to model the experimental 

haze results in comparison to atmospheric observations. 
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