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Introduction:  It is supposed the Earth collisional 

frequency of Near Earth Asteroids (NEAs) larger than 

~ 200 meters to be 1/44 000 years
-1

 [1]. Then the fre-

quency of close approaches within the Roche limit of 

the Earth (~RE), where a tidal disruption of an asteroid 

might be possible, is 1/11 000 years
1 
. 

Considering the rotation of the asteroid, the centri-

fugal acceleration shifts the Roche limit of the tidal 

break up farther from the Earth. The increase of the 

Roche limit changes the frequency of tidal disruption 

of NEAs in a close vicinity of the Earth. The likehood 

of the tidal disruption is enhanced by the assumed 

weak structural composition (e.g. rubble-pile). 

Model:  According to the spin rate distribution of 

NEAs larger than 200 m [2],  28 % of bodies rotate in 

the range of spin rate 6 - 11 per day which is close to 

the break up rotation barrier. For each interval (bin) of 

the spin rate histogram we derive the frequency of 

close approaches within the corresponding Roche limit 

and the sum calculated from each bin of the spin rate 

distribution is then considered to be the total frequency 

of the NEA occurrence within the extended impact 

target.  

Results:  Using above assumptions, the total fre-

quency of tidal disruption of NEAs is seven times 

higher compared to the impact frequency of the entire 

NEA population larger than 200 m. For the specific 

impact frequency of 200 m NEAs equal to 2.3×10
-5

 per 

year on the Earth [2], the tidal disruption frequency 

would be 1.6×10
-4

 per year which corresponds to one 

impact per 6300 years. 

The tidal disruption of weak-bound asteroids fly-

ing-by planets inside the Roche limit could enhance the 

population of NEAs of smaller diameters and deplete 

the population of larger bodies. We have found that at 

most 4.2±0.5% of the NEA population undergoes tidal 

disruption due to Earth encounter within its mean life-

time. 

The total mass loss in the size range from 200 m to 

6.6 km per 4×10
6
 years is approx. 10

15 
kg. If we as-

sume that all this mass is redistributed in a new cumu-

lative size distribution with the slope equal to -2.8 (the 

slope of boulders and pebbles on the Itokawa asteroid) 

within the size range from 1 m to 200 m (from 1 cm to 

200 m respectively), then the primordial slope of the 

population of NEA smaller than 200 m will be en-

hanced with the steeper population coming from the 

tidal disruption. If we adopt the model derived from the 

bolide counts with the slope equal to -2.7 [1], [4] and 

subtract the derived population from the tidal disrup-

tion, we reveal the size-frequency distribution of the 

NEA population as it would look like without the con-

tribution from the tidal disintegration from the Earth. 

With respect to how finely the matter will be disrupted 

(down to 1 cm or 1 m), the resulting slope of the pri-

mordial population created by all effects, but not by 

tidal disruption, would be -2.55 or -2.45 (Fig. 1). 

 

 
 

Fig. 1. Cumulative size distribution of the NEA 

population according to [4] with the slopes −2.3 and 

−1.7 and by [1] with the slope −2.7. The dotted curve 

represents the population without the contribution of 

the tidal disrupted matter if resulting particles of dis-

ruptions are larger than 1m (slope −2.45) and the 

dashed curve for particles larger than 1 cm (slope of 

the population −2.55). 
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