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Where Was I? 



Why are we here? 

Quantum fluctuations just after the Horrendous Space Kablooie 
	  



What is the CMB? 
Measured by WMAP 

But - no earlier light visible 



So how do we measure the Cosmic 
Microwave Background? 



Cosmology Large Angular Scale Surveyor 



Telescope Design 

Focal Plane 

Detectors 



Focal Plane 

The Transition Edge Sensors operate on the 
normal-superconducting transition at 150mK. 



Sensitivity Level 

But only if  the detectors behave predictably – so how do we accomplish this? 



Testing! 









Innovations 

Improved Kevlar bonding 
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FIG. 3: Detailed sketch of the kinematic suspension. The spring preload ensures tension is maintained throughout thermal
cycling. The magnitude of the preload (60 N) is at 20% of the tensile strength of Kevlar. The kinematic suspension is rigid in
the x-y plane, and does not allow rotation about the z axis. The only degree of freedom is translation in the z direction, which
is less than 0.5 mm. Approximate dimensions of the angles are as follows: ⇥ = 30�, � = 60�, and ⇤ = 340�.
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FIG. 4: Thermal circuit of the source when installed in a cryogenic system. The heat capacity of the source is represented by
a lumped element that is dominated by the lossy dielectric MF-117 absorber. The thermal conductivity of the copper wires
that attach to the sleeve is much larger than the Kevlar threads. The source lengths L3.5K = 26 cm and L1K = 6 cm can be
tailored to meet the desired experimental thermal time constant.

mass of the absorber (3.26 g), we estimate the specific heat of MF-117 with the functional form Cv(T ) = 0.12T 2.06 mJ
g�1 K�1 between 3.5 K and 15 K. The last two digits used in the naming convention of the MF stock are correlated
with the metallic volume filling fraction of the mixture. Lacking a published value for the Cv(T ) of MF-117, we
compare the measured response to CR-110 [2] and CR-124 [19] as shown in Fig. 6 which bound the filling fraction of
the formulation in use. The CR series of lossy dielectric is available as a casting resin [9] and when mixed and cured
properly, is identical to the machinable MF stock.

For amorphous materials in general, the specific heat at low temperatures (< 10 K) can be described by the
function Cv(T ) = aT + bT 3, where the linear term is associated with excess heat capacity common to amorphous
materials [20, 21], and the cubic term is the Debye contribution. The data in Ref. [19] is approximated by this form,

Reduction 
to six 

threads 
from eight 
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FIG.3:Detailedsketchofthekinematicsuspension.Thespringpreloadensurestensionismaintainedthroughoutthermal
cycling.Themagnitudeofthepreload(60N)isat20%ofthetensilestrengthofKevlar.Thekinematicsuspensionisrigidin
thex-yplane,anddoesnotallowrotationaboutthezaxis.Theonlydegreeoffreedomistranslationinthezdirection,which
islessthan0.5mm.Approximatedimensionsoftheanglesareasfollows:⇥=30�,�=60�,and⇤=340�.
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Thermal Circuit 
Source cone and mounting sleeve 
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3K	  

0.1K	  

Link to first ADR stage 1K	  

High power 
cryocooler 

Intermediate 
power ADR 

Low power 
ADR 

Kevlar 

Kevlar 

Superconducting 
aluminum post 

Thinner Kevlar and aluminum posts will provide hold times 
2-3 times longer than the existing design 



CLASS and future missions 
will tell us even more about 

the birth of  the universe and 
ourselves   
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