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Introduction:  Icelines, where temperature and pres-
sure conditions in the nebula suit the phase change of 
water vapor to ice, set the location of planet formation 
in the disk. Higher sticking coefficients of ice-bearing 
rocky solids contribute towards higher rates of coagu-
lation and growth of particles beyond the iceline lead-
ing to giant planet formation via pebble accretion 
[1][2]. Also within the iceline, smaller terrestrial plan-
ets may be formed similarly after growth of dehydrated 
solids that drift across the iceline into the warmer inner 
nebula [3]. Morever, icelines dictate bulk volatile 
abundances, and therefore set reservoirs of bioessential 
elements in planets depending on where they formed in 
the protoplanetary disk.  

In order to understand the planet forming potential 
around icelines, it is important to examine the behavior 
of radial transport processes that determine the distri-
bution of volatiles across this region. There are chiefly 
two processes: the inward radial drift of icy particles 
from the outer nebula, and the outward diffusion of 
vapor from the inner nebula. Once the ice-laden solids 
reach the iceline, ice in them sublimates to vapor, 
which can then diffuse outward. This establishes a 
cyclical flow of volatiles across the iceline [4][5]. The 
distribution of water is dependent on the timescales of 
these various processes as well as other factors such as 
local disk viscosity that can regulate diffusion, pres-
ence of photoevaporation that may remove water vapor 
from the inner disk, or an accreting proto-planet be-
yond the iceline that will hinder the inward flow of icy 
particles [6][7]. This work will focus on the effect of 
disk turbulent viscosity on the distribution of water in 
the solar nebula.  

Methods:  Two types of disk evolution models 
(described in [8]) are used to examine the effect of 
turbulence on water distribution across the disk: i) a 
simple α-disk model, where α is assumed to be uni-
form at all radii, and ii) a non-uniform α-disk model, 
where α varies with radius and time, and α(r,t) is de-
rived from magnetorotational instabilities. To these 
models, we include particle transport based on [9], by 
adding two slowly drifting populations of solids: small 
chondrule sized solids that transport water ice, and 
asteroidal bodies that grow from chondrules in time-
scales of ~1Myr. Radial drift of chondrules is imple-
mented using the treatment of Takeuchi & Lin 
(2002)[10] in the Epstein drag regime. (We neglect the 
presence of fast migrators and migration of asteroids). 
We also include volatile advection and diffusion using 
the treatment from Desch et al. (2017)[11]. We track 

water by assuming five ‘fluids’: vapor, icy chondrules 
(composed entirely of water ice), silicate chondrules, 
‘icy’ asteroids (that grow from icy chondrules) and 
silicate asteroids (that grow from silicate chondrules). 
Location of condensation-evaporation of water ice is 
determined from the saturation pressure of water ice at 
each radius r, estimated from [12] and [13]. Accretion-
al heating is also included, where the uppermost layers 
of the disk are considered to be active. 

Results:  We vary the α value across a range of 
values (0.0003, 0.001, 0.03) with the uniform α model 
and find that higher α leads to higher ice-gas ratios 
beyond the iceline, as well as more depletion of water 
vapor in the inner disk. In the non-uniform α disk 
(Fig.1), we find that water is concentrated at 0.5-1AU 
and 10 AU regions in the disk. Disk regions with high-
er ice/gas ratios likely lead to quicker planet formation 
and lead to higher water content in planets. 
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Fig.1: Profiles shows total water content in ice in 

chondrules and asteroids as well as vapor, to gas, 
across the disk at times 0, 0.1, 1, 2 Myr (dashed, red, 
orange, green)  [i.e., vapor/gas within the iceline (0.5 
AU); ice/gas outside of the iceline.] 
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