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Quasiparticle recombination
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Measurement of energy relaxation
IN a superconductor
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Quasiparticle heat conduction in
a superconductor |\ -
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Quasiparticle (heat) transport is exponentially suppressed at low temperatures in a
superconductor

Measurement inc. inverse proximity effect, Peltonen et al., PRL 2010.
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Typical quasiparticle numbers
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Single-electron turnstile with NIS-
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One electron is transferred through
the turnstile in each gate cycle: I = ef.

Superconducting gap
blocks single-electron
tunneling at low energies




Hybrid single-electron turnstile

Current (pA)
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Errors in pumping

Thermal errors

Photon-assisted tunneling (coupling to environment)

Multi-electron processes (co-tunneling, Andreev tunneling
etc.)

Residual and generated quasiparticles in a
superconductor



Thermal error rates

Optimum operation point of the turnstile is at eV = A,
where the error rate is 1
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Influence of em-env
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Dynes Density of States
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Careful filtering and shielding
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Counting single-electrons

O.-P. Saira et al., PRB 82, 155443 (2010)
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Andreev 2e transitions also observed

a ] ) 1 ] b
o b e——— 0 i V. Maisi et al., PRL 106,
- \ / - 217003 (2011)
05 = - ’;‘
W 00 [} I } 1] § 176 1 :30. . .1,.54- B ;38. o'rr ' 0:30 ‘ 0.65 . .D.Im. ' 1'76 ' .wfao' - .1_I84. ' -‘\,Ias
o [ (5_ e e
20 = - .8 _
s [ ]z ]
0s L ] H N
L et () ] p
0.0 =4 1 1 = PN PN . N N M PP B
- 0 1 2 1,88 1,89 1,90 0,69 0,70 0,71 1,76 1,77 1,78
n time (s)
' =
1000 1000
100
100 N
L
= [ 10
10
o 1
[ ]
1 " " " " ['] " [ " [ N " ['] P al
0 50 100 150 O 50 100 150 O 50 100 150 01
t(ms) '05 -04 -03 -02 -01 00 01 02 03 04 05

n
g



Counting single-electrons on a turnstile
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The rates can be attributed to:
1. Residual density of quasiparticles in the superconductor
nqp: I‘\]_e — nqp
P T 92 R D(Ep)

2. Dynes parameter (DOS in the gap) 7: I''¢(0) = ~
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How ideal is Al superconductor?
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Two major conclusions:
1. Residual quasiparticle density < 0.033 (um)-3:
Typical gp nhumber in the leads = 0

2. Sub-gap density of states <2 X 10" D(E;)

O.-P. Saira et al., PRB 85, 012504 (2012).



Relaxation of generated
quasiparticles (l)

SINIS structures with different S-lead geometries
H. Knowles et al., APL 100, 262601 (2012).
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Note: injection and relaxation of gp’s has been traditionally studied close to T, see e.g.
A. Schmid and G. Schon, JLTP 20, 207 (1975).



Relaxation of generated
quasiparticles (ll)

NISIN structure
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Summary

Quasiparticles can be controlled and modelled
- record-low quasiparticle densities [0.03 (um)-3]
achieved by filtering and gp trapping
- residual gqp number can be suppressed to <<1
in "practical” conductors

- injected quasiparticles pose a difficult problem
and need care

DETECTOR CURRENT INDICATING THE
NUMBER OF ELECTRONS ON THE ISLAND
BETWEEN TURNSTILES 1 AND 2

With proper qp control
SINIS turnstile may
eventually qualify for
quantum metrology

DETECTOR

CURRENT PLATEAUS AT / = ef, 3ef

TURNSTILE 2

— -

‘GI G!"GZ





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


