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Reminder: Blackbody Radiation

blackbody radiation:
(per area dA, solid angle dΩ, bandwidth dν)

pBB =
2hν3

c2

1

e
hν
kBT − 1

ν� h/kBT≈ 2ν2

c2
kBT (Rayleigh-Jeans)

for any antenna AA,effΩA = λ2.

an ideal antenna surrounded by
it sees in ∆ν

PA = pGBAA,effΩA∆ν ≈ kBT ∆ν.
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System Noise Temperature

sample signal ∆ν ∆t & 1.

total measurement time τ = N∆t.

for a measurement of time ∆t noise fluctuates

∆P ∼ P = kBTsys∆ν

then for large N:

∆PN =P/
√
N = P/

√
∆ν τ

= kBTsys

√
∆ν

τ
(Dicke)

for rigorous statistical derivation, cf. e.g.

B.M. Oliver Proceedings of the IEEE, Volume 53, Issue 5, page 436-454 (1965)
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System Noise in MADMAX

gray body with emissivity εν emits:
pGB = ενpBB ≈ kB ενT ∆ν

αν + tν + rν = 1 and εν = αν (Kirchhoff)
(αν : absorbtivity, tν : transmissivity and rν : reflectivity)

enclosure / mirrors

80 (?) dielectric discs d=1mm
for small 

antenna & receiver

perfect mirror
more realistic

Need: Understand Noise Tsys = Tsys,receiver + Tsys,booster

First 4K Test Cryostat 4/11



Why What How When Conclusion

Other Questions

Material
Properties
@ cryogenic
Temperatures

Booster Mechanics
@ cryogenic Temperatures
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A 4K Kryostat

ra
d

ia
ti

o
n
 s

h
ie

ld
s

4K cold plate

LHeLN LN

7
7

K

7
7

K
schematic, not to scale

cables and other details not shown

4 HF-cable
feedthroughs
(up to 50 GHz)

300mm

0.5m or 1m
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Holding Structure Vacuum Pumps
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Measuring Noise
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Measuring Noise
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Measuring Noise
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Measuring Noise
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Timeline

November
delivery

end 2017
setup, commissioning,
first cool down

2018
first receiver measurements
waveguide noise measurements
material measurements
other purposes tbd
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Conclusions y

enclosure / mirrors

80 (?) dielectric discs d=1mm
for small 
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Thank You very much
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