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Use SQUID amplifier -- a flux-to-
voltage transducer

SQUID noise arises from Nyquist
noise in shunt resistance - scales 
linearly with T

However, SQUIDs of conventional 
design are poor amplifiers above 100 
MHz (parasitic couplings).

Presently the noise temperature of 
our HFET amplifier is  ~ 1.5K

But the quantum limit at 700 MHz is  
~ 33 mK
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More than an order of magnitude quieter 
than current GaAs HFET amplifier

Our latest SQUIDs are now within 
15% of the Standard Quantum Limit
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• A challenge: Zero-field region for the SQUID 
amplifiers
– SQUIDS DO NOT LIKE MAGNETIC FIELDS
– Needed “bucking coil” to reduce field in region of the 

superconducting electronics
– Field is a few Gauss
– Passive shielding can then take over
– Must manage tons of force between opposed 

magnets
– Designed, delivered by AMI, installed
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Field cancellation coil

Force compensation coil
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From outwards-in:
• Bucking coil
• Iron shield
• Cryoperm (mumetal) shields
• Superconducting shields
• SQUID amplifier package

• Compensation coil has 2 opposed windings

• Zero net force between compensation coil and 
main magnet

• Strain is in the single-piece mandrill on which 
these coils are wound

• Sensor/servo package minimizes field at center
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• |Buncomp| ~ 4 kG, far below the 80 kG critical field of NbTi.
• Currents are manageable.
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Microwave cavity 
dark matter searches

Axion models

Y'3HDI7I+M&"" 6>?+N&



!"#$%&' (( !)*+,--. !/01

#DNN&*:+&=I+34=3HD>24=>

W "73372(]D2==+>:NN79*:+*7N&2=>+&+)*4N2>2=M+>4HD924=+94+9;7+>9*4=M+8"+
"*4PH7Nx+;7=37+&'24=>+&*7+&=+&99*&39267+I&*E(N&997*+3&=I2I&97?

W A;7+)&*&N797*+>)&37+5;7*7+9;7+&'24=+H267>+2>+P4D=I7I?

W !/01 ;&>+>3&==7I+&+<&394*+4<+,+2=+N&>>+&9+&+>7=>292629:+529;2=+9;7+P&=I+4<+
N4I7H+34D)H2=M>?

W 8D**7=9+7')7*2N7=9>+&*7+>7=>29267+94+*7&H2>923+&'24=+34D)H2=M>+&=I+N&>>7>x+
9;7:+34DHI+>77+&=+&'24=+&9+&=:+92N7?

W F)M*&I7>+94+!/01 52HH+P7+>7=>29267+94+67*:+<77PH7+&'24=+34D)H2=M>+&=I+
52HH+729;7*+I79739+4*+*DH7(4D9+"73372(]D2==+&'24=>+529;+N& 2=+&+I73&I7+
37=97*7I+&*4D=I+c-(k 7f?

W C&P+7')7*2N7=9>+34DHI+&H>4+4P>7*67+&'24=>?

W A;2>+2>+&=+7'3292=M+92N7+<4*+&'24=+>7&*3;7*>z



!"#$%&' (( !)*+,--. !/01

ALY+YQ/


