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First order model
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FIit to Impedance to find parameters

Measured
Z(f)=R, +1(2Af )L+ Z () parameters
G=344 pW/K
10- 1,=29.5 pA
0.5 R=2.05 mQ
0.0 R=1.45 mQ
o] T,=98.5 mK
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154 g Free parameters and
204 statistical errors

o=172.3 +/- 0.7
S=0.8518+/- 0.0008

- C=(2.034 +/- 0.008) pJ/K
A S S S A A L=(262.9 +/- 0.6) nH
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Use parameters to calculate noise

measured noise .
all modeled noise Excess noise model
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Complex calorimeters
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Similar models

 Two different e
= —qst

hypotheses of where of R/Rn=0.1 _;nd%frddirr -

extra heat capacity is ol -

« Both described by 3x3 im |
matrix TES

« Can fit impedance g §

equally well

» Fitting gives about the TES | ¢ ¢ o L o e e
same o and 3

 Produce different § §
noise terms

» Total noise appears to
be about the same
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Is there a simple relationship
between Z, sighal, and noise?

 Heat capacities and thermal

conductances differ TES
* The individual phonon noise terms § §
differ between the two models

e However, Z Is the same

* The total calculated signal and noise § §
appeared to be the same e

 Is this true in general?

e Isthere asimple relationship
between Z, signal, and noise?
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Distinguishable by injecting power
INto hanging heat capacities
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Simplify math to find answer
TES Eﬁ(
AN [

: conductance
F A
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The real thermal conductance

. from the TES to the bath
Geq (a)) = RO tZ (w) Z, ZO Go " which is measured by |-V curves

R,+Z, Z. —Z(w)
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Equivalent bolometer

e Equivalent in two ways
— Response to power in the TES Is

the same
— Response to noise Iin the Bias
circuit is the same TES
 Models with same equivalent
bolometer have same impedance § Ceq

* Do they have the same total
noise?
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Model independent parameters

o and 3 are a model independent function Z
« Should be able to get these directly from Z at two

frequencies
 No modeling

Im[Z]
Low frequency A

High frequency
Z depends on
o B, R, bias Z=R(1+B)
| — Z
P ZO + RO 0 Z, Simple
Calorimeter
Complex
IBl - ZOO / RO -1 Middle frequencies E Calorimeter

Z Depends on heat

capacities and thermal couplings
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Circuit analogy to compute noise

Temperature
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Phonon
noise
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Fluctuation-dissipation

* For a network of resistors,
iInductors, and capacitors at
the same temperature noise is

V = ,/4kTRe[Z] B
« Want a similar expression for T;LK$
noise in a network

capacitances and thermal £
couplings in a bolometer
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Noise In equivalent bolometer

Assuming that the bath temperature is near the
temperature of the TES

Noise P, (@) = 1/4k,T 2 Re[ G; ()]

Noise is a function of the complex impedance

Ry+Z(w) Z,-Z,
because G (@="p7 =~ "G

Similar to Johnson noise of resistors

Can also calculate the Johnson noise of the
bolometer from the impedance

Don’'t have to know a lot about internal structure
of a bolometer to estimate thermal noise
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Bath temperature complicates
things

The previous calculation assumed all the

elements were at the same temperature

If TES Is at twice bath temperature, <21% error

If TES Is 10% above bath temperate,< 5% error

Only affects frequencies where external noise
dominates

Closer approximation may be possible
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Numerical verification

 Computed noise
for a number of
different complex
models

 Computed noise
directly from Z

 They agree
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Conclusions

Found a relationship between impedance, signal and
noise

— Useful for validating calculations and experiments

Can find o and 3 without model fitting by measuring
Impedance

Difficult to distinguish between models that reproduce the
same impedance on the bases of noise measurements

Detector response also similar between models if
absorber is well coupled to TES in the models

Modeling may not be needed to estimate noise from
Impedance because it is fairly model independent
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