
    
      Fig. 3 
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        (a and b) Temperature fields at an averaged latitude of 35°N retrieved from Cassini/CIRS observations by Fletcher et al. (2012). (a) Pressurelongitude cut for July 7, 2011. (b) Vertical profiles extracted from the July 7, 2011, January 27, 2012, August 16, 2012, and January 5, 2013 thermal fields (see Fig. A.1). The coloured lines are taken at the central longitude of the beacon. The central longitude is defined following the beacon drift presented in Section 3.1.3. The dashed black line represents the quiescent conditions (taken here on January 2, 2011) at the early stages of the storm. The May 4, 2011 hot beacon core temperature profile is depicted by the dashed sky-blue line and was used in the photochemical model of Moses et al. (2015). The horizontal lines represent the water condensation level calculated using Fray & Schmitt (2009) for each temperature profile (same colour and line code for a given date). (c and d) Final thermal fields used in our radiative transfer calculations for the first window (July 12, 2011), constructed from the above Cassini/CIRS data and the background seasonal data from Fletcher et al. (2018). An isothermal extrapolation from 0.2 mbar to the top of the atmosphere was performed. (c) Similar to (a) at 35°N, after the beacon drift was accounted for. (d) Pressure-latitude constructed field at 50°W.

      

    

  
    
      Fig. 5 
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        Profiles of the water vapour mole fraction (bottom x scale) and the water ice mass density (top x scale) as a function of pressure. The water vapour profiles are extracted from the water 3D field of July 12 2011. The solid purple line, the dashed-dotted green line and the dashed blue line depict the background field derived from Cavalié et al. (2019) at, respectively, 15,50, and 60°N. The thin vertical dashed lines represent the values of the water vapour mole fraction at ~1–2 mbar found in Cavalié et al. (2019) in quiescent conditions, as a function of latitude. The latitudes are labelled vertically at the bottom of the graph. Model 1 (dotted orange line) indicates the water profile of Step 1 (see Section 4.1) in which we keep the pre-storm water field of Cavalié et al. (2019) to test the enhancement of the water line amplitude due to temperature increase only. The red line shows the best fit of Model 3 (i.e. Step 3, Section 4.3) for July 2011, in which we vary the water mole fraction in the beacon. The orange and dark red bars represent the vertical sensitivity range from the water contribution functions, corresponding to the Step 1 and Step 3 models, respectively (see also Fig. 7). The crosses correspond to the altitude of maximum contribution to the line. The water ice profiles were computed with the PlanetCARMA cloud model of Barth (2020) adapted to the Saturn stratosphere with the July 122011 thermal profile outside the beacon at 35°N–115°W for the solid black line and inside the beacon at 35°N–55°W for the dashed black line.

      

    

  
    
      Fig. 7 
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        Water contribution functions for each of our seven observations, calculated with the best fit 3D water abundance field in the beacon from Step 3 (see Section 4.3). Dashed black lines refer to a line of sight at the planet disc centre. Dashed-dotted blue lines and dotted green lines correspond to a line of sight at, respectively, the western and eastern equatorial limbs. The solid red lines depict a line of sight at the beacon centre.

      

    

  
    
      Fig. 10 
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        Modelled line area map (top) and residual map (bottom) for the best fit of January 2, 2011 data (Cavalié et al. 2019) with the prestorm model of Moses et al. (2015). The residual map corresponds to the difference between the observed map of Cavalié et al. (2019) (Fig. 2) and the modelled map. The contours are given in units of σ. The solid contours refer to positive residuals and the dashed contours indicate negative residuals. The overall description of the maps is the same as in Fig. 2.

      

    

  
    
      Fig. 11 
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        Modelled line area maps (left) and residual maps (right) for the two water models of Moses et al. (2015): a first water profile considering only the sublimation of the water haze in the beacon (top) and a second model in which the vertical downwelling winds are added on top of the haze sublimation (bottom), both in the hot beacon core model of May 4 2011. The two profiles were used only on our first observation window (July 12, 2011) which is the closest water observation to the hot beacon core model. The two profiles were copied uniformly in the beacon region and multiplied by a factor to fit the data. The background water field is derived from the fit of the January 2011 data with the pre-storm profile. The contours are given in units of σ. The solid contours refer to positive residuals and the dashed contours indicate negative residuals. The ‘x’ markers at RA=−5.9″, Dec=4.2″ (i.e. in the beacon) correspond to the line of sight for which the observed and modelled spectra are shown in Fig. 9. The overall description of the maps is the same as in Fig. 2.

      

    

  
    
      Fig. 12 
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        Column density at the beacon centre (35°N and central longitude) as a function of time. The column densities are integrated from ~100 mbar towards the top of the atmosphere. The cross point in January 2011 is derived from the background water field of Cavalié et al. (2019) at 35° N. Darker coloured points relate to the fitting of the observations with a constant water mole fraction in the beacon. Light coloured points refer to the fitted water column density after subtracting the pre-storm column of January 2011, and therefore show the additional column density coming from a combination of vertical winds and sublimation. The red/orange points correspond to the water maps at 66.44 μm and the dark blue/light blue to those at 67.09 μm.

      

    

  
    
      Fig. A.1 
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        Thermal fields retrieved from Cassini/CIRS data (Fletcher et al. 2012) and used to build the thermal fields for radiative transfer modelling. The fields shown here only represent the beacon region and its surroundings. They were derived from observations taken within our four Herschel/PACS windows, except that they do not correspond to the same date of observation. The field dates are July 7, 2011, January 27, 2012, August 16 2012, and January 5, 2013. Details on how these fields were retrieved can be found in Section 3.1.2. The first and last dates have longitudinal coverage, and the two intermediate ones have also latitudinal coverage.

      

    

  
    
      Fig. B.1 
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        Left: Thermal fields retrieved from CH4 emission from Cassini/CIRS, averaged between 1280–1320 cm−1, sensitive to the millibar levels in the stratosphere, as a function of longitude and time. The temperatures correspond to an average between 25-45°N in latitude. Data before 2012 are presented in Fletcher et al. (2012), and data after the beginning of 2012 have not been published yet. Middle: Same as the left figure, but after realigning the beacon centre at 180° W in longitude. The performed alignment results in the data points of Fig. 4. The interpolation and smoothing of this figure is illustrated in the right panel to better see the extension of the beacon over time.

      

    

  
    
      Fig. C.1 
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        Modelled H2O water line area maps and residuals obtained within Step 1 (nominal water field of Cavalié et al. 2019), for the seven observation windows. The modelled line area maps are displayed in rows 1 and 3. The units are expressed as μm×% of continuum to directly compare to the observation maps of Fig. 2. The corresponding residual maps are presented in rows 2 and 4 and correspond to the difference between the observed maps of Fig. 2 and the above modelled maps. The contours are given in units of σ. The solid contours refer to positive residuals and the dashed contours indicate negative residuals. The colour scales of the modelled and residual maps are shown on the top left corner. The overall description of the maps is the same as in Fig. 2.

      

    

  
    
      Fig. D.1 
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        Same as C.1 but for Step 3 (water mole fraction fitting in the beacon).
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