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Cryogenics and the quest for
better angular resolution

• The 2007 B-Pol instrument featured cold, 
modest aperture telescopes, with moderate 
angular resolution (1°or so).

• To achieve better angular resolution we need to
increase the aperture of the telescopes.

• Meanwhile we want to keep the telescopes cold, 
since we do not want to increase the 
background on the detectors.

• This challanges the cryogenic system.
• Cold telescopes in space already exist (and new 

ones have been designed) : 



Possible cryogenic solutions

• Herschel
(L2 orbit)

• The 350 cm 
telescope is
warm at 
launch and 
cools
radiatively to
about 70K



Possible cryogenic solutions

• Planck
(L2 orbit)

• The 190 cm 
telescope is
warm at launch
and cools
radiatively to
<50K (heavier
shielding, V-
grooves)



Possible cryogenic solutions

• Spitzer (Earth-trailing, 
Heliocentric orbit)

• The 80 cm telescope
is warm at launch. 

• It is connected to the 
He bath vapors from
the cryostat after 
radiative cooling at 
about 35K.

• It cools down to 5K 

Cryostat

Focal plane



Possible cryogenic solutions

• Millimetron
(L2 orbit):

• The 12 m telescope is
stowed warm at 
launch.

• It is deployed after 
launch and cooled
actively (circulation of 
cold Helium on the 
back side of the mirror
petals)



Possible cryogenic solutions

• EPIC
(L2 orbit, 140 cm 
telescope):

• The telescope
encolsure is
radiatively cooled at 
30K first (4 shields, 
deployable V-grooves)

• Then, an active cooler
cools the enclosure at 
18K and the telescope
at 4K 

Chui T et al. Thermal design and analysis of a multi-stage 30 K radiative cooling system for EPIC. Cryogenics (2010), in press



• It is evident that solutions to cool the 
telescope exist, even if complexity and 
cost increase with decreasing telescope
temperature.

• Which telescope temperature do we really
need for B-Pol ?



Which mirror temperature do we really need ?

BLIP CMB in the 350 GHz band would require Tm < 10K if Total Emissivity = 1%
BLIP CMB in the 220 GHz band requires Tm < 30K if Total Emissivity = 1%



620 mm

To improve the ang.res. to 10’ - 5’ at 150 GHz, a 1 - 2 m aperture is needed.

And we need to switch from multiple 
telescopes to a single telescope
configuration

From 2007 B-pol proposal :



The B-Pol cryostat
(from the 2007 

proposal)

• The SAMPAN study
(CNES) 
demonstrated that
forward V-grooves
are indeed efficient, 
and can achieve an
inner temperature of 
50K.

• In the inner volume 
we put a 800 liters
superfluid He
cryostat, reaching a 
2.5 years hold time. 

• The inner stage was
either a dilution
fridge (a-la-Planck) 
or an ADR to get to
0.1K . 



Cryogenic Architecture Alternatives
for a larger cold telescope :

• In any case: 
– Wider V.grooves/sun-shields, probably deployable

• Simpler solution :
– 30K for the telescope can be achieved by radiative 

cooling of the telescope with a careful choice of the 
shields - V-grooves

– The cryogenic system should keep the polarization
modulator at 2K and the detectors at 0.1K (basically
the same system as in the 2007 proposal)

• Complex solution :
– 10 K for the telescope requires the use of an active

coolant (circulation of cold gas from cryostat, or even
mechanical cryocooler). A more complex cryogenic
system, and definitely an expensive solution. 



Telescope
30K

Platform 300K

Solar panels

Cryostat
30K
2K

0.1K

deployable
V - Grooves

Simple (!) configuration



Platform 300K

Solar panels

deployable
V - Grooves

Complex configuration

Cryostat
30K, 2K, 0.1K

Telescope
<10K



Cryogenic Architecture Alternatives:

• The choice depends on
– Actual emissivity of mirrors (0.5% per mirror, using

at least 2 mirrors makes 1% total emissivity. Any
additional source of emission ?).

– Real need for CMB BLIP in the 350 GHz band

• On top of that, the delta-cost of the telescope
and of the deployable V-grooves must be
– Justified by a corresponding compelling delta in 

the science case
– At all affordable within a medium-size mission

budget



At 350 GHz the sky background is still dominated by CMB. In principle it
would be important to have this channel limited by CMB noise rather
than by mirror noise. This, however, requires a <10K mirror. The choice
here is driven by the importance of the 350 GHz channel performance in 
components separation. Simulations needed.

From Benford et al. Journal of Physics: Conference Series 155 (2009) 012001

B-Pol



Cryogenic Architecture Alternatives:

• The choice depends on
– Actual emissivity of mirrors (0.5% per mirror, using

at least 2 mirrors makes 1% total emissivity. Any
additional source of emission ?).

– Real need for CMB BLIP in the 350 GHz band

• On top of that, the delta-cost of the telescope
and of the deployable V-grooves must be
– Justified by a corresponding compelling delta in 

the science case
– At all affordable within a medium-size mission

budget



Delta cost

Deployable V-grooves

30

20

Delta mass -> + 150 Kg
Telescope 20
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