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1. Detection mechanism with MMC detector

• MMC(metallic magnetic calorimeter) 

- Deposited energy fluctuates the total magnetic moment(sensor) embedded in the metallic 
medium 

- Measure this fluctuating magnetic moment(magnetic flux) using SQUID

- Absorber : For the fast response(w sensor), use gold
(rich conduction electron)(but large heat capacity)      

- Magnetic sensor : 𝐸𝑟3+ ions in place of gold lattice
(small interaction between moments) 
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1.1 magnetic sensor (Au: Er)

• Thermal equilibrium state can be described by spin ½ two-level system with g = 6.8

- Heat capacity of magnetic moments : 𝐶𝑠 = 𝑁𝑘𝐵
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- Interaction between magnetic moments has to be 
accounted below temperature T ~ 50mK

- It reduce the response of magnetic flux and increases
the Heat capacity



1.2 dc-SQUID

• It reads the magnetic flux through the SQUID loop
• Set the bias current 𝐼𝐵 slightly above the twice the saturated 

current(2𝐼0) so that any additional current make fermi level 
difference(voltage) between two connected superconductors

• As the flux increases, inducted current oscillates because magnetic 
flux inside the loop has to be integer multiple of Φ0 = ℎ/2𝑒

• Resulting voltage drop is sensed by additional circuit   



2. Optimal parameters

• Consider flux noise due to the squid(electron thermal motion, …) 𝑆𝜙𝑠
, it results in the energy sensitivity 
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• Assume that flux noise is frequency independent and set  𝜖𝑠 ~ 25ℏ
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• Assume the geometry of page3 (cylindrical magnetic sensor, surrounded by SQUID loop at one end)
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3. Energy resolution

Now consider time structure of signal and noises (consider frequency dependence)

3.1 thermodynamic energy fluctuation

• thermodynamic noise of frequency 𝑓 =
𝑤
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• In MMC case, there are two source of energy fluctuation between 
magnetic moment and conduction electron, and thermal bath.. -> 
can expect there will be to characteristic time
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Optimal filter
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Result

• For 240 × 240 × 5𝜇𝑚3 gold absorber, 𝐶𝑒~1.0𝑝𝐽/𝐾 and rise time 𝜏0 = 1𝜇𝑠, decay time 
𝜏1 = 1𝑚𝑠 at 𝑇0 = 50𝑚𝐾 -> ∆𝑬𝑭𝑾𝑯𝑴 = 𝟏. 𝟒𝒆𝑽

3.2 Energy resolution by squid noise

NEP = 𝑆𝜙𝑠

𝛿𝐸

𝛿𝜙

𝐸0

𝐸𝑍 𝑓
= 2𝜖𝑠𝐿𝑠

𝛿𝐸

𝛿𝜙

𝐸0

𝐸𝑍 𝑓
= 2𝜖𝑠

𝐶𝑒𝑇0

0.042

𝜏1

1+ 2𝜋𝑓𝜏0 2 1+ 2𝜋𝑓𝜏1 2
,  𝜖𝑠 = 25ℏ(𝑒𝑥𝑝𝑒𝑐𝑡𝑒𝑑 𝑣𝑎𝑙𝑢𝑒? )

∆𝑬𝑭𝑾𝑯𝑴 = 𝟎. 𝟏𝟖𝒆𝑽



3. Summary

• Thermodynamic energy fluctuation is a dominant source of energy 
resolution degradation

• Making absorber as small as possible will be effective to improvement of 

energy resolution (∆𝑬𝑭𝑾𝑯𝑴 ∝ 𝑉𝑎𝑏𝑠𝑜𝑟𝑏𝑒𝑟)

• More weaker thermal coupling to heat bath 

advantageous to ∆𝑬𝑭𝑾𝑯𝑴 but opposite to pile-up resolving

need a new technique to pile-up resolving : heat switch??




