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Supernovae are one of the powerful probes for 
understanding the eventual fate of the Universe 

   Distances to ~6% from brightness 
  Redshifts from features in spectra 

600 million light-years away 





Cosmic Arithmetic'



Universe is 
ACCELERATING 

!M 



A Perplexing Result'
!  Expansion of Universe is accelerating!(?) 

!  Implies something new: “Dark Energy” 

!  Regions of empty space repel each other! 

 ?  “Cosmological constant”… 

                 Einstein’s greatest blunder? 

 ?  What’s going on in the vacuum?  



Vacuum Energy and the Casimir Effect'
!  Vacuum energy is real -- we can see it: 

!   Predicted in 1948                                        
   by H.B.G. Casimir 

!   Since measured to 
   better than 5% precision 

!   So -- since vacuum fluctuations are real, why 
   isn’t dark energy enormous  (10120 times larger)??? 



"  Calibration of, and 
     corrections to, brightness  
     measurements are  
     a significant source of   
     uncertainty in measured  
     cosmological parameters. 

!  Unless we improve  
     calibration standards (for flux  
     as a function of color) to  
     < 1%, this will be a limiting  
     systematic uncertainty for  
     upcoming projects …  

7.7 billion light-years from Earth 



… and others 
Launch date ~2020 

First data ~2019 



!  8.4 m aperture 
!  Survey: 20,000 sq. degrees 
!  9.6 sq. degree field-of-view 
!  6 filters from 320nm to 1060nm 
!  Site: Cerro Pachon, Chile  





!  2% uncertainties in photometry fundamentally limit measure-
ments of wa to > ±0.40 and w0 (when wa is floated) to > ±0.12. 

!  Future SNIa surveys nearly useless for cosmology without 
significant photometry improvement. 

Kim, Linder, Miquel, 
& Mostek (MNRAS, 
2004): 

Conley 
(2011): 



Not Easy 
Need to get above the ATMOSPHERE 

Rockets 
(ACCESS) 

Another possibility: Balloons 

But even after you very carefully 
calibrate them, stars are VARIABLE 
(majority on the > 1% scale). 

Wouldn’t it be nice to just have a 
(man-made) source up there … ? 



NRC Institute for National 
Measurement Standards 

Justin Albert, Karun Thanjavur, 
Spencer Bialek, James Hartwick 

Univ. of Victoria 

Arnold Gaertner, Jeff Lundeen 
NRC-INMS 

Matt Dobbs, James Forbes, Khoi 
Nam, Nate Long 

McGill 

Keith Vanderlinde, Ray Carlberg 
Toronto 

Christopher Stubbs, Peter Doherty, 
William High, Isaac Shivvers 

Harvard 

Keith Lykke, Steven Brown, Claire 
Cramer, John Woodward 

NIST   

Yorke Brown, Max Fagin, Will Voigt, 
Nina Maksimova 

Dartmouth 

Funding graciously 
provided by: 

http://projectaltair.org 



v.1 (used for 
2011 flights): 

v.2 (used for 
2012 flights): 



Optical Systems 
-  Lasers (4) 
-  Integrating Sphere 

Instrumentation/Sensing 
-  NIST Photodiode 
-  Attitude 

Support Systems 
-  Power 
-  Cutdown 
-  Recovery 

Communication Systems 
-  GPS 
-  Telemetry 
-  ELT radio beacon 

Total weight < 6 lbs 

Payload Design 

12” 

9” 





Astronomical Journal 143, 8 (2011) 



635 690 





+45! to 
-45!  

-63 to +63 











Demonstration Flight: ALTAIR 2 
04/13/2012 



ALTAIR 2 Results 
04/13/2012 

Demonstrated: Ability to control flight profile 



ALTAIR 2 Results 
04/13/2012 

Demonstrated: Ability to maintain payload at normal temperatures 



ALTAIR 2 Results 
04/13/2012 

Demonstrated: Measure payload’s real time attitude 



Payload 
Side View                Front View 

 Angular power spectrum of false 
CMB B-mode signals generated 
by errors in polarization sensitivity 
angles (from Shimon et al, PRD 
77, 083003)  

McGill University 
(Matt Dobbs & Keith Vanderlinde) 

 Calibrate polarimetry  



!  Our next flight: New Hampshire night flight this early 
spring – test observing strategy. 

!  Following that, flights over Mt. Hopkins (Arizona) NIST 
facility this spring. 

!  Additional Canadian flights: over HIA/DAO and Mont 
Megantic.  Initial tests of microwave payload in early 
2014. 

!  Optical payload: work toward flights in Chile (and 
Hawaii) in 2014 and beyond. 

!  Microwave payload: flights over South Pole (SPT-Pol) 
and Cerro Chajnantor.   
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•  Man-made sources are, in principle, able to reach up to two orders of 
magnitude better photometric calibration precision than any natural 
light sources. 

1) Can take them into the lab before and after use, unlike stars. 
2) Can monitor them in-situ, in real time. 
3) Can be used to calibrate white dwarfs (and the Moon) very precisely, 

and on a detector-based standards scale. 
4) Small balloons are inexpensive. 
5) Your choice of spectrum & color on                                     demand 

demand (including microwave! etc.),                                           … and 
brightness, … location in the sky,                                       the sky, and 
time of night (or day), … 

•  AJ 143, 8 (2011), arXiv:1101.5214 (astro-ph). 
•  This is a core program for LSST: will be the                                    

primary photometry calibration method for                                         
LSST SNIa observations.   





!  We will achieve O(0.1%) 
calibration with simple NIST-
calibrated photodiodes. 

!  Beyond that, an in-situ radiometer 
could achieve O(0.01%) or   
better …    


