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A mesoscopic electrometer at the quantum limit
The  latest  astrophysics  projects  and  condensed  matter  experiments  require  ever  more 
advanced detectors and electronics to reach the ultimate detection limits set by quantum 
mechanics.  Mesoscopic  components  are  most  valuable  candidates  to  realize  cryogenic 
electronics, able to reach the desired quantum limit.
The goal of the present project is to develop an ultra sensitive electrometer. The considered 
circuit is a superconducting device, composed of a Cooper pair box, inserted in a microwave 
resonator. The box is coupled to a reservoir by means of a Josephson junction. This circuit 
allows a fine charge measurement, by measuring dispersively its quantum capacitance. 
The electrometer we are building will have immediate incidence on the dark matter direct 
detection  project  (EDELWEISS),  allowing  to  enhance  by  an  order  of  magnitude  its 
detection  threshold.  Scientific  outcomes  are  also  expected  in  condensed  matter  physics 
where tools are sought for amplifying signals out of quantum bits, and other mesoscopic 
physics experiments necessitating very low noise and low back-action.

In the course of the internship and the subsequent thesis, we will  also study a strongly 
disordered superconductor  for  use in  a  device dual  to  the Cooper  pair  box, namely the 
“phase  slip  box” (using  phase  slip  junction  dual  to  the  Josephson  junction).  This  very 
fundamental  regime of  phase  slips,  the  last  milestone  of  mesoscopic  superconductivity, 
would open numerous paths in the engineering of quantum electrodynamics.

The student  will  be working in  the  cryogenic detectors  team in the  CSNSM, in  strong 
collaboration  with  the  quantronics  group  in  the  SPEC  (CEA-Saclay).  A  permanent 
researcher will manage the internship and the thesis, together with a post-doc. The student 
will participate in the elaboration of the mesoscopic electrometer, to measurements and their 
interpretation. 

Methods  and  techniques:  quantum  circuits  design  and  operation,  cryogenics  at  the 
millikelvin, microwave measurements, nano-fabrication.

Possibility to go on with a PhD 

Please, indicate which speciality(ies) seem(s) to be more adapted to the subject:

Condensed Matter Physics:  YES      Macroscopic Physics and complexity:  NO
Quantum Physics:  YES   Theoretical Physics:  NO


