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Introduction: The majority of discovered exoplanets (over 4,000 by November, 2019) are super-Earths and mini-Neptunes (with size or mass between Earth's and Neptune's), and their atmospheres are expected to exhibit a wide variety of atmospheric compositions. Clouds and/or hazes are likely to be present in these atmospheres as they exist in every solar system planetary atmosphere. However, the photochemical processes for haze formation in these exoplanet atmospheres remain largely unknown as the atmospheric phase space has not been explored previously. To understand haze formation in these atmospheres, we have conducted a series of laboratory experiments simulating a range of atmospheric compositions at four different temperatures (300, 400, 600, and 800 K) [1,2,3,4]. Experimental Setup: We carried out the experiments using the PHAZER setup (Figure 1) at Johns Hopkins University [5], which allows us to conduct simulation experiments over a broad range of atmospheric parameters with two different energy sources (AC plasma or FUV photons). Figure 2 shows the initial gas mixtures for our experiments, which is prepared from high-purity gases. The gas mixture flows through a heating coil that heats the gas mixture to the required experimental temperature, and then flows into the chamber where the heated gas mixture is exposed to AC plasma, or UV photons. The gas flowing out the chamber is monitored with a Residual Gas Analyzer (RGA, a quadrupole mass spectrometer). We run the experiment for 72 hr, and collect the solid samples in a dry (<0.1 ppm H2O), oxygen free (<0.1 ppm O2) N2 glove box. 

Results and Conclusions:

The mass spectra of the gas phase show the compositional changes during the experiments, suggesting that distinct chemical processes happen in the experiments as a function of different initial gas mixture and different energy sources (plasma or UV photons). We identified new gas products that could be indicative to photochemistry and haze formation in these atmospheres [1]. All simulated atmospheres resulted in haze formation with both energy sources, but the production rates varied substantially with different conditions [2,3,4]. The resulting haze particles display different properties, such as color, size distribution, particle density, and composi- 

Figure 1 :

 1 Figure 1: Schematic of the PHAZER setup.

Figure 2 :

 2 Figure 2: Initial gas mixtures used in the experiments, which span a range of temperatures (300-800 K) and initial gas mixtures (100 to 10,000x solar metallicity).

2 tion. Our laboratory results indicate that complex atmospheric photochemistry can happen and produce new gas products and haze particles in diverse exoplanet atmospheres, including compounds (O2 and organics) that could be falsely identified as biosignatures.