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NEO Warning & Mitigation:���
Reasonable Measurement Objectives	



• Size, shape	


	

• Mass, density	


	


	


•  Internal structure	


	

• Composition	



	



• Rotation rate	


	



	



	


	


• Spin state	





NEO Science:���
Measurement Objectives	



• Size, shape	


• Mass, density	


•  Internal structure	


• Composition	


• Rotation rate	


• Spin state	





Finding #1:	


Physical measurements for hazard 
assessment  are  the  same as  ���
measurements of science interest.	





Uncertainty Upon Discovery	



•Must have color, albedo, or radar information to know the size. 	


•Otherwise there is up to 300% uncertainty in the diameter. 	


•Diameter uncertainty creates factor of 20 uncertainty in energy.	



Assumed albedo	


    = 0.04	



Assumed albedo	


     = 0.34	



Big and ���
dark.  	



Small and���
bright.   	



Which is it?	


Apparent brightness ���

--->H magnitude	





Finding #2:	


Physical observations are required  ���
in conjunction with discovery ���
for hazard and warning assessment.	





Uncertainty Upon Discovery	



•Must have color, albedo, or radar information to know the size. 	



Assumed albedo	


    = 0.04	



Assumed albedo	


     = 0.34	



Big and ���
dark.  	



Small and���
bright.   	



Which is it?	


Apparent brightness ���

--->H magnitude	





How Does ���
It Work ?	



Ratio between the ���
Solar Spectrum and the 
Reflected Spectrum reveals 
the composition.	



Solar 
Spectrum!
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Asteroids Grouped by Color 

Bowell et al. (1978)	

 Tholen (1985)	


Bus (1999)	



8 filters, visible wavelengths 	

 49 spectral channels,���
visible wavelengths	



3 filters, visible wavelengths 	





42 spectral channels, visible + near infrared (0.5 - 2.5 microns)	


	



Bus-DeMeo Taxonomy	


(DeMeo, Binzel, Slivan, Bus 2009)	
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Wavelength���
(0.5-2.5 µm)	





Colors Can Indicate Albedo 

Albedo      	



Tedesco et al. (1989)	



• There is a strong correlation 
between color group (taxonomy 
alphabet type) and albedo.	



• Therefore, by grouping by colors, 
we can constrain the albedo.	


	


• By constraining the albedo, 
we reduce the uncertainty 
in the size estimate.	





Albedo 0.36	



NASA         Hawaii ���
IRTF  	



Rapid Response –���
Remote Connection	



Case Study #1	


2009 DD45	





 	


19 ± 4 meters	



2009 DD45	


	





IRTF	
  NEO	
  Rapid	
  Response	
  Program*	
  

*Co-­‐Inves*gators:	
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  Binzel	
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  (Paris	
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Spectral Reconnaissance	



Bus-DeMeo Taxonomy	


(DeMeo, Binzel, Slivan, Bus 2009)	
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Wavelength���
(0.5-2.5 µm)	





Size matters, but there’s more . . .	


•  Estimate the bulk physical properties 

such as mass, density.	


•  Estimating the bulk properties requires 

knowledge of the composition.	


• Most detailed knowledge of composition 

comes from direct samples:	

Meteorites !	



We have thousands of direct samples ���
of NEOs in the form of Meteorites.	





The Power of Reflectance Spectroscopy: 
Meteorite Analogs	



Carbonaceous ���
Albedo 0.05 - 0.10.���

Density 2.1-3.1 g cm-3	
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Chondrite or Stony Iron���
Albedo 0.15 - 0.25.���

Density 3.0-4.8 g cm-3	



Asteroid data from Burbine (2000)  Ph.D. Thesis M.I.T.	



Iron ���
Albedo 0.10 - 0.20. ���
Density 7-8 g cm-3	



Meteorite data from Britt & Consolmagno (2003).	



Percentage of���
all meteorite falls	



Re
fle

ct
an

ce
	



Wavelength	





The Power of Reflectance Spectroscopy: 
Do we know what we are doing?	
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The Power of Reflectance Spectroscopy: 
Do we know what we are doing?	



 1998 SF36  =  25143 Itokawa	





The Power of Reflectance Spectroscopy: 
Do we know what we are doing?	







Case Study #2 
(99942) Apophis	



April 13, 2029	



Image: JPL/NASA	



  NASA IRTF 3m   "
  8 Jan 2005  V17.4"

Magellan 6.5m"
22 Feb 2006  V19.6  "



Mineralogic fitting	



(LL Chondrite Range)"

Meteorite matching	



(averages)	



LL"

L"

H" HED"

Band Area Ratios	



Meteorite Analog:���
���

Most likely���
LL Chondrite	



Binzel et al. (2009)	





• Grain density 3.5 ± 0.1 g cm-3	


• Bulk density 3.2 ± 0.2 g cm-3 	


• Micro-porosity 7.9 ± 4.2 %	


• Composition is olivine, pyr-

oxene, relatively low metal.	


•  For 270 m diameter [1], ���

resulting mass estimate ���
   = 3.3 ± 1.5  x 1010 kg	



• Corresponding energy in the���
range 500 ± 200 megatons. 	



Apophis as an LL Chondrite	



Meteorite data from Britt & Consolmagno (2003).	

[1]  Current size estimate from Delbo et al. (2007).	





• Grain density 3.5 ± 0.1 g cm-3	


• Bulk density 3.2 ± 0.2 g cm-3 	


• Micro-porosity 7.9 ± 4.2 %	


• Composition is olivine, pyr-

oxene, relatively low metal.	


•  For 270 m diameter [1], ���

resulting mass estimate ���
   = 3.3 ± 1.5  x 1010 kg	



• Corresponding energy in the���
range 500 ± 200 megatons. 	



Meteorite Link = First Line of Defense	



Meteorite data from Britt & Consolmagno (2003).	

[1]  Current size estimate from Delbo et al. (2007).	





Apophis	



Mass 
Accuracy"

Current Status for Apophis	



Colors, spectra"

, albedo, size"



NEO Spectral 
Reconnaissance	
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• Visible data tally includes ���
   ECAS & SDSS.	
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• IRTF SpeX ���

  accounts for ���
  85% of all NIR ���
  NEO data.	



• Spectral reconnaissance for   ���
  ~10% of total NEO population.	

 Not included:���

Data for  >300  
Mars-crossers	
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•  Physical measurements for hazard assessment���
are in parallel with NEO science goals.	



•  Physical observations are required  as part of 
reliable hazard assessment. “Know thy enemy.”	



• Apophis case study: Spectral link to  
a specific well-studied meteorite group, ���
provides the first line of defense for ���
informing hazard assessment and mitigation.	



Findings / Conclusions	





FIN"



Back Up Slides	







Size Determination	


•  Discovered object has brightness value m as ���

measured by the detector.	



•   m  is converted to standard V magnitude.	



•   V is converted to H magnitude by:���
	

 H = V - 5 log (r Δ) - φ(α)���

where r, Δ, α  are determined by orbit. 	



•   H is converted to diameter D by:���
	

 log D = -0.5 log(ρ) + 3.13 - 0.2H ���

 where ρ is the albedo.	





Mass 
Accuracy"

, albedo, size"

Characterization Pyramid	



Colors, spectra"



Case Study 	





F-type spectrum:	


	


  	


“carbon-rich, low density;	


primitive if low albedo���
and hydrated”	



“Carbon-rich, 	


anomalous ���

ureilite”	





Direct Measurement of���
Low Albedo NEOs	



•  Model templates for ���
application to NEOs ���
by Rivkin et al. (2005).	



Rivkin et al. (2005)	



•  Standard Thermal Model (Lebofsky & Spencer 1989) shows 
low albedo asteroids in near-Earth space are warm 
enough to emit in the near-IR.	

	



•  First application using IRTF SpeX (2.5µm) to NEOs ���
(1998 ST27) reported by Abell (ACM 2002; Thesis 2003).	





The Power of Reflectance Spectroscopy: 
Mineral Analysis	



FeNi Metal	



Feldspar ���
(KAl,CaAl2,NaAl)Si3O8	



Enstatite���
Mg2Si2O6	



Pyroxene���
(Ca,Mg,…)Si2O6	



Olivine���
(Mg,Fe2+)2SiO4	
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