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Planet Distribution

Snow line: asnow =2.7 (M/MSun) AU

• Transit
• Kepler (KOIs)
• Radial Velocity
• Direct Imaging
• Microlensing
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Microlensing Planet Distribution 

(Suzuki+16: S16)
30 planets detected in 6yr MOA survey, 
4yr µFUN survey (Gould+10) and 6yr PLANET survey (Cassan+12) 
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Population Synthesis
Bern Model 
(e.g., Mordasini et al. 09)
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0.08 – 1.0 MSun host
Planet distribution

(a, Mp)

Average planet 
distribution (s, q)

Detection 
efficiency

Expected planet 
detection (s, q)

For a given event

Sum of each of 1640 events 
yields the expected # of 
planet detections in S16

Detection efficiency 
correction
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Default Pop. Synthesis vs. q-function
Ida & Lin Model Bern Model

IL and Bern models expect consistently 
smaller number of cold planets 9



w/ and w/o Planet Migration
Ida & Lin Model Bern Model
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~factor 10 difference at 1×10-4 < q <4×10-4;
20-80 MEarth for median 0.6 MSun host
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Runaway gas accretion 

• Core accretion holds that rock-ice cores of MZ ~10 
MEarth form beyond the snow line
• Cores begin to slowly accrete H & He gas (MXY)
• When MXY ~ MZ, exponential “runaway” growth begins
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Models of Jupiter’s growth 349

(a)

(b)

Fig. 11. The final orbital distance that a test particle orbiting at the outer boundary
of the planet at the time specified would have at the end of the accretion epoch
if the only orbit-altering effect was shrinkage to conserve orbital angular momen-
tum as the planet grew to a mass of 1M J . (a) Late Phase II and Phase III for each
of the five groups, with two variants shown for three of the four groups that bifur-
cated. Apart from Runs 10L∞ and 1G, which we view to be among the least realistic
runs of this paper (because of the large assumed size of the planet and high disk
viscosity), the peak value is !20R J . Note that all of the curves end at values of
∼1.7R J , because in our model 1M J planets are about this radius at the termination
of accretion (Tables 3 and 4). (b) Close-up values near the peak for the four most
physically realistic runs presented in this paper. The characteristic shrinking times
range from a few hundred to a few thousand years. (For interpretation of the refer-
ences to color in this figure legend, the reader is referred to the web version of this
article.)

the circumsolar disk. Our study included simulations of planets
growing in disks of high and low viscosity; the surface mass den-
sity of gas within the disk remained constant in some cases and
decreased gradually in others (see Table 1 for details). The most
physically plausible model of the formation of Jupiter included
herein is Run 3lRHJ, in which the dimensionless disk viscosity is
α = 4 × 10−4 and the surface density of the gas within the disk
decreases with time, thereby allowing a gradual tapering off of gas
accretion as the planet approaches its ultimate mass. Results of
this simulation are presented in Figs. 12, 13, and 14.

The principal results of our investigation are: (1) Three dimen-
sional hydrodynamic calculations show that the flow of gas in
the circumsolar disk limits the region occupied by the planet’s
tenuous gaseous envelope to within ∼0.25RH (Hill sphere radii)

Fig. 12. The mass of solids in the planet (solid line), gas in the planet (dotted line)
and the total mass of the planet (dot-dashed line) are shown as functions of time
according to our most physically realistic case, Run 3lRHJ (see Tables 1, 2, and 4
for details). Note the slow, gradually increasing, buildup of gas, leading to a rapid
growth spurt, followed by a slow tail off in accretion.

Fig. 13. The radius of the planet (solid line) and that of the planet’s heavy element
core (dashed line) are shown as functions of time for Run 3lRHJ (see Tables 1, 2,
and 4 for details). Note the logarithmic scale used for radius.

Fig. 14. The planet’s luminosity is shown as a function of time for Run 3lRHJ (see
Tables 1, 2, and 4 for details). The rapid contraction of the planet just before
t = 2.5 Myr coincides with its highest luminosity and the epoch of most rapid gas
accretion.

Lissauer et al. 2009



Low α-viscosity Bern Model

The low α-viscosity model is NOT consistent with 
the data at q~10-5 and 10-2 for Bern model.
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Measured cold-planet masses in the 
middle of the expected desert

ØThe desert (20-80 MEarth) could be smoothed out by a range 
of host masses

ØOne of S16 sample, OGLE-2012-BLG-0950Lb has a mass 
of 39 ± 8 MEarth around a 0.6 MSun host (Bhattacharya+18)

qSee Aparna’s poster #247.09 
ØAnother case from µlensing (Beaulieu+16) and 

two from RV sample (Mayor+11)
Saturn OGLE-2012-BLG-0950Lb Neptune

CREDIT: NASA/JPL/GODDARD/F. REDDY/C. RANC
14



Summary
ØNo sub-Saturn mass gap is observed beyond the snow 

line
• Population synthesis models expect factor ~10 less planets than 

microlensing observes at q = 1-4×10-4; 20-80 MEarth for median 
0.6 MSun host

• Follow-up observations by Keck and HST support the smooth 
distribution (Bhattacharya+18) 

ØDesert or not beyond the snow line?
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See Suzuki et al. 2018 ApJL (arXiv:1812.11785)



Conclusion
ØNo sub-Saturn mass gap is observed beyond the snow 

line

ØDesert or not beyond the snow line?
ØWFIRST will do the ultimate microlensing survey and 

mass measurement for most cases
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See Suzuki et al. 2018 ApJL (arXiv:1812.11785)


