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Magnetic Penetration Thermometer -
Comparison with Metallic Magnetic Calorimeter

* Use temperature dependence of magnetic susceptability of
paramagnetic (Au:Er alloy) or diamagnetic (superconducting
MoAu bilayer) film to sense temperature change in an x-ray
absorber.
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Figure 2: (Left) Basic schematic for both types of magnetically coupled microcalorimeters. (Right) Measured
SQUID signal as a function of temperature for MMC and MPT microcalorimeters. The geometry of the pick-up |
loop and coupling to the SQUID is identical for these two types of detector. Two different curves generated by

two different magnetic fields are shown for each sensor type.
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Performance of MoAu MPT

“Performance of Magnetic Penetration Thermometers for X-
Ray Astronomy” by P. Nagler et al., J. Low Temp. Physics, 2012.

achieved resolution = 2 eV FWHM at 1.5 keV; sub-eV possible

Histogram for |, =0.378 mAand T = 38.2 mK
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BiAu absorber: 2eV @
1.5 keV (+ small tail)
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Realization of Large ¢-T Response

 MPTs from molybdenum-gold bilayers avoid flux penetration
effects that reduced sensitivity of earlier Type-Il hafnium
devices, with low T_for a high resolution microcalorimeter

* MoAu bilayer is a Type-I superconducting material, with large
coherence length and weak pinning of flux

Measured M vs. T of MoAu MPT for I, = 1.001mA
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Screening Currents

* screening currents (effective magnetic penetration depth)
— MoAu is non-local; e.g. Sadleir found: 4,=0079 pm, &, =0.738 um, 7, =0.1709 K

Measured and theoretical ¢-T
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SQUID signal {flux quanta per mA)

Meissner Effect

e Suppression of the order parameter to minimize free energy
— F. London (1950): free energy normal/superc. (A, A field independent)
— G-L solution (Douglass, '1961): 2nd order transition if thin enough (seen in tunneling data)
— Landau model w. bias circuit {(minimize free energy for flux penetration in area fraction f)
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Landau Model with Bias Circuit

Meander inductance L is in parallel with SQUID input (+ stray) L, and
combination is in series with the large ballast inductor L,.

Region 1 = portion of sensor film that has expelled flux; Region 2 = stripes
between meander traces where flux penetrates; f = fraction of Region 2

Flux stays constant in niobium path thru L and L.
Free energy includes interface energy: v, = (&,(r) -A(r))sZ=Z) _ (%4);@)%?%

If L, =0, then free energy is linear function of f, and f flips discontinuously
between 0 and 1; if L, > 0, then transition is broadened.

Thermal fluctuations estimated from sy = 1/4/(3720
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Effect of Non-Uniform Applied Field

 Recall discrepancy: well below Meissner transition, ¢ should just reflect T-
dependence of A, but ¢ varies more at low T than expected from formulas
for uniform applied field.

* BCS theory gives a wave vector dependent kernel K{(qg) for the supercurrent
Jin response to an applied field:

J = _M'OK (q)A total ”0[1 + qZ/ K(q)]J = —qu applied K(O) = %
e Our applied field has dominant wave vector g = 271/(2p), where p =5 pm is
the meander pitch. Approximation for effective A.
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Meander Inductance from BCS Theory
for Non-Uniform Applied Field

BCS Kernal K(q,T) gives the supercurrent response
to vector potential A in Colomb gauge

Maxwell’s equations relate A to sum of applied
and response currents

e Solution method: Fourier expansion in x, find
Green’s function in z for K =0, solve linear
algebraic equation including K on z-grid
 Compute J, and magnetic and kinetic energies, to
evaluate inductance per unit length



Use of BCS Inductance in ¢ — T models

* Fit low-T data with material parameters A (0) and &, to find
inductance L_(T)

* Use L (T)in free energy of Landau model

Meander inductance versus Landau model flux-temperature
temperature, calculated from BCS curves computed using BCS meander
theory for our device geometry. inductance.
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Conclusions

Like MMCs, MPTs enable high energy microcalorimeters with
zero bias power dissipation and potential resolution < 1 eV

MPTs can provide d¢/dT as large as 1000 ®,/K, with no excess
noise, thereby reducing the importance of SQUID noise.

Long coherence length in a Type-l superconducting MoAu film
offers multiple advantages for efficient flux expulsion in MPT.

Region of steepest d¢/dT is the Meissner effect in the small
device; flux is expelled/penetrates to minimize free energy.

Steepness of transition can be engineered with choice of film
thickness and coil pitch relative to A_4(0), ratio of T/T_, and
bias circuit inductance.






