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Waiting-time distribution

• Hamiltonian of system & environment

waiting-time distribution: probability of two 

consecutive tunneling events with time span 
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‣ Oscillations detectable in a transport 
measurement without destroying coherences? 
Yes, by measuring the charge state of the 
system with an electrometer (e.g. QPC) that is 
insensitive to the individual dots!
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• real-time diagrammatic technique:             
perform perturbative expansion in          and 
integrate out lead degrees of freedom to obtain 
a generalized master equation for the reduced 
density matrix:

Htun
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here:  weak-coupling limit, i.e. only leading 
order in                  �↵ / |t↵|2
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splitting not resolved 
by leads since

�↵ . �, ✏
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• coherent charge oscillations between left and 
right quantum dot conveniently described 
with isospin              :I = �/2
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B = (�, 0, ✏ren)
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with                              and renormalized 
detuning                 

‣ quantities able to measure oscillations:   
finite frequency noise, generalized factorial 
cumulants [1], waiting-time distribution [2] 

⌧
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• excitation energies: 
U + EL,R � EL,R

<latexit sha1_base64="DmjP3POm1DIB9jRnuv8a6t7yfCc=">AAACHHicbVDLSgNBEJyNrxhfqx4FGQyCoIRdFfUYEMGDhyhuEkjCMjuZJENmH8z0isuSm9/hB3jVT/AmXgW/wN9wkuwhJhY0VFd103R5keAKLOvbyM3NLywu5ZcLK6tr6xvm5lZVhbGkzKGhCGXdI4oJHjAHOAhWjyQjvidYzetfDv3aA5OKh8E9JBFr+aQb8A6nBLTkmrvO4ZXbBPYI6c3R3aDZ7eLJ3jWLVskaAc8SOyNFlKHimj/NdkhjnwVABVGqYVsRtFIigVPBBoVmrFhEaJ90WUPTgPhMtdLRHwO8r5U27oRSVwB4pE5upMRXKvE9PekT6Klpbyj+60W9RHGqps5D56KV8iCKgQV0fL0TCwwhHiaF21wyCiLRhFDJ9QOY9ogkFHSeBZ2MPZ3DLKkel+yTknV7WiyfZRnl0Q7aQwfIRueojK5RBTmIoif0gl7Rm/FsvBsfxud4NGdkO9voD4yvX8L3oZ0=</latexit>

• for high asymmetry                the electron stays 
long enough in the DQD and coherent 
oscillations can be nicely observed

�L � �R
<latexit sha1_base64="s2vR4iT4frxlt9284FjpH4H9Z4s=">AAACIHicbVDLSsNAFJ3UV62vqEs3Q4vgqiQq6LLgQhcuqtgHNCFMptN26EwSZm7EErr3O/wAt/oJ7sSl/oC/4bTNwlYPXDiccy+He8JEcA2O82kVlpZXVteK66WNza3tHXt3r6njVFHWoLGIVTskmgkesQZwEKydKEZkKFgrHF5M/NY9U5rH0R2MEuZL0o94j1MCRgrssndJpCSBB+wBsuux1+/jOel2HNgVp+pMgf8SNycVlKMe2N9eN6apZBFQQbTuuE4CfkYUcCrYuOSlmiWEDkmfdQyNiGTaz6a/jPGhUbq4FyszEeCp+vsiI1LrkQzNpiQw0IveRPzXSwYjzaleiIfeuZ/xKEmBRXSW3ksFhhhP2sJdrhgFMTKEUMXNA5gOiCIUTKcl04y72MNf0jyuuidV5+a0UqvlHRXRASqjI+SiM1RDV6iOGoiiR/SMXtCr9WS9We/Wx2y1YOU3+2gO1tcPlPKkTQ==</latexit>

• DQD: consider consecutive outgoing electrons

Coupled DQD’s

H = H
u
dots +H

l
dots +W (nLunLl + nRunRl)

<latexit sha1_base64="dMz8+y0jcyg411z0NXwUU9Iy9EI="></latexit>

• duplicate system and add Coulomb term:

�L
<latexit sha1_base64="dgx0m6sR7IJ8fj6/VlmtgkEBYyU=">AAACCXicdVBLSgNBEO2Jvxh/UZduGoPgKkxU0GXAjQsXEcwHMkPo6dRkmvR87K4RhyEn8ABu9QjuxK2n8ARew85H0KgPCh7vVVFVz0uk0Gjb71ZhYXFpeaW4Wlpb39jcKm/vtHScKg5NHstYdTymQYoImihQQidRwEJPQtsbno/99i0oLeLoGrME3JANIuELztBIrsMD0XMQ7jC/HPXKlVrVnoDav8iXVSEzNHrlD6cf8zSECLlkWndrdoJuzhQKLmFUclINCeNDNoCuoRELQbv55OgRPTBKn/qxMhUhnajfJ3IWap2FnukMGQZ63huLf3pJkGnB9dx69M/cXERJihDx6XY/lRRjOo6F9oUCjjIzhHElzAOUB0wxjia80vdk/ieto2rtuGpfnVTq9iyjItkj++SQ1MgpqZML0iBNwskNeSCP5Mm6t56tF+t12lqwZjO75Aest0+Dp5s5</latexit>

�R
<latexit sha1_base64="yZ9zJM7KC9/6Z5mVm+uYXFswnr8=">AAACCXicdVBLSgNBEO2Jvxh/UZduGoPgKkxU0GXAjcso5gOZIfR0ajJNej5214jDkBN4ALd6BHfi1lN4Aq9h5yNo1AcFj/eqqKrnJVJotO13q7CwuLS8Ulwtra1vbG6Vt3daOk4VhyaPZaw6HtMgRQRNFCihkyhgoSeh7Q3Px377FpQWcXSNWQJuyAaR8AVnaCTX4YHoOQh3mF+NeuVKrWpPQO1f5MuqkBkavfKH0495GkKEXDKtuzU7QTdnCgWXMCo5qYaE8SEbQNfQiIWg3Xxy9IgeGKVP/ViZipBO1O8TOQu1zkLPdIYMAz3vjcU/vSTItOB6bj36Z24uoiRFiPh0u59KijEdx0L7QgFHmRnCuBLmAcoDphhHE17pezL/k9ZRtXZctS9PKnV7llGR7JF9ckhq5JTUyQVpkCbh5IY8kEfyZN1bz9aL9TptLVizmV3yA9bbJ41Dmz8=</latexit>

zR
<latexit sha1_base64="DmlRdD8m6vknovXMAua8eZ0ZIGQ=">AAACBnicdVDLSgNBEJyNrxhfUY9eBoPgKeyqoMeAF49RzAOTJcxOepMhs7PLTK+4Lrn7AV71E7yJV3/DL/A33DyEGLWgoajqprvLi6QwaNsfVm5hcWl5Jb9aWFvf2Nwqbu/UTRhrDjUeylA3PWZACgU1FCihGWlggSeh4Q3OR37jFrQRobrGJAI3YD0lfMEZZtLNfaeNcIfp1bBTLDllewxq/yLfVolMUe0UP9vdkMcBKOSSGdNy7AjdlGkUXMKw0I4NRIwPWA9aGVUsAOOm44uH9CBTutQPdVYK6VidnUhZYEwSeFlnwLBv5r2R+KcX9RMjuJlbj/6ZmwoVxQiKT7b7saQY0lEmtCs0cJRJRhjXInuA8j7TjGOWXGE2mf9J/ajsHJfty5NSxZ5mlCd7ZJ8cEoeckgq5IFVSI5wo8kieyLP1YL1Yr9bbpDVnTWd2yQ9Y719V0JoL</latexit>zL

<latexit sha1_base64="8gl77GT3Dq015RKfwfH98qXxjh8=">AAACBnicdVDLSgNBEJyNrxhfUY9eBoPgKeyqoMeAFw8eIpgHJkuYnfQmQ2Znl5lecV1y9wO86id4E6/+hl/gb7h5CDFqQUNR1U13lxdJYdC2P6zcwuLS8kp+tbC2vrG5VdzeqZsw1hxqPJShbnrMgBQKaihQQjPSwAJPQsMbnI/8xi1oI0J1jUkEbsB6SviCM8ykm/tOG+EO08thp1hyyvYY1P5Fvq0SmaLaKX62uyGPA1DIJTOm5dgRuinTKLiEYaEdG4gYH7AetDKqWADGTccXD+lBpnSpH+qsFNKxOjuRssCYJPCyzoBh38x7I/FPL+onRnAztx79MzcVKooRFJ9s92NJMaSjTGhXaOAok4wwrkX2AOV9phnHLLnCbDL/k/pR2Tku21cnpYo9zShP9sg+OSQOOSUVckGqpEY4UeSRPJFn68F6sV6tt0lrzprO7JIfsN6/AEw0mgU=</latexit>

|�i 2 {|0i , |Li , |Ri , |di}
<latexit sha1_base64="XWJnmuuHQZdzZ1D5Ao4OsToc7jo=">AAACQ3icbVDLSgNBEJyNrxhfUY9eFoPgQcKuCoqngAgePEQxD8iGMDvpJENmZ5eZXjEs+0V+hx/gUf0AD97Eq+DkcTCJBQ1V1d00XX4kuEbHebUyC4tLyyvZ1dza+sbmVn57p6rDWDGosFCEqu5TDYJLqCBHAfVIAQ18ATW/fzns1x5AaR7KexxE0AxoV/IOZxSN1cpfeX3AxGM9nnpceslIOunR2EZ4xOQmnZJ307Kdpl7ayhecojOCPU/cCSmQCcqt/IfXDlkcgEQmqNYN14mwmVCFnAlIc16sIaKsT7vQMFTSAHQzGb2b2gfGadudUJmSaI/cvxsJDbQeBL6ZDCj29GxvaP7bi3oDzZmeOY+d82bCZRQjSDa+3omFjaE9DNRucwUMxcAQyhQ3D9isRxVlaGLPmWTc2RzmSfW46J4UndvTQuliklGW7JF9ckhcckZK5JqUSYUw8kReyBt5t56tT+vL+h6PZqzJzi6ZgvXzC6/jtLs=</latexit>

basis:

wll(⌧)
<latexit sha1_base64="OG8rX0eMsN9iN1tL569Uog8j4kE=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBHqpiQq6LLgxmUF+4Cmlsl00g6dTMLMjTWEfoQf4FY/wZ249RP8An/DaZuFth64cDjnXu69x48F1+A4X9bK6tr6xmZhq7i9s7u3b5cOmjpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80fXUbz0wpXkk7yCNWTckA8kDTgkYqWeXxvcesEfIhJhUPCDJac8uO1VnBrxM3JyUUY56z/72+hFNQiaBCqJ1x3Vi6GZEAaeCTYpeollM6IgMWMdQSUKmu9ns9Ak+MUofB5EyJQHP1N8TGQm1TkPfdIYEhnrRm4r/evEw1ZzqhfUQXHUzLuMEmKTz7UEiMER4Gg7uc8UoiNQQQhU3D2A6JIpQMBEWTTLuYg7LpHlWdc+rzu1FuVbLMyqgI3SMKshFl6iGblAdNRBFY/SMXtCr9WS9We/Wx7x1xcpnDtEfWJ8/8EudCg==</latexit>

wuu(⌧)
<latexit sha1_base64="/Ef27fmlguIRu5Ef+3Os20+imrY=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBHqpiQq6LLgxmUF+4Cmlsl00g6dTMLMjTWEfoQf4FY/wZ249RP8An/DaZuFth64cDjnXu69x48F1+A4X9bK6tr6xmZhq7i9s7u3b5cOmjpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80fXUbz0wpXkk7yCNWTckA8kDTgkYqWeXxvcesEfIkmRS8YAkpz277FSdGfAycXNSRjnqPfvb60c0CZkEKojWHdeJoZsRBZwKNil6iWYxoSMyYB1DJQmZ7maz0yf4xCh9HETKlAQ8U39PZCTUOg190xkSGOpFbyr+68XDVHOqF9ZDcNXNuIwTYJLOtweJwBDhaTi4zxWjIFJDCFXcPIDpkChCwURYNMm4izksk+ZZ1T2vOrcX5Votz6iAjtAxqiAXXaIaukF11EAUjdEzekGv1pP1Zr1bH/PWFSufOUR/YH3+AA2jnRw=</latexit>

wul(⌧)
<latexit sha1_base64="jy2V2FVPmwVFrgvwRr0VSpYnLGY=">AAACD3icbVDLSsNAFJ34rPWV6tLNYBHqpiQq6LLgxmUF+4Cmlsl00g6dTMLMjTWEfoQf4FY/wZ249RP8An/DaZuFth64cDjnXu69x48F1+A4X9bK6tr6xmZhq7i9s7u3b5cOmjpKFGUNGolItX2imeCSNYCDYO1YMRL6grX80fXUbz0wpXkk7yCNWTckA8kDTgkYqWeXxvcesEfIEjGpeECS055ddqrODHiZuDkpoxz1nv3t9SOahEwCFUTrjuvE0M2IAk4FmxS9RLOY0BEZsI6hkoRMd7PZ6RN8YpQ+DiJlSgKeqb8nMhJqnYa+6QwJDPWiNxX/9eJhqjnVC+shuOpmXMYJMEnn24NEYIjwNBzc54pREKkhhCpuHsB0SBShYCIsmmTcxRyWSfOs6p5XnduLcq2WZ1RAR+gYVZCLLlEN3aA6aiCKxugZvaBX68l6s96tj3nripXPHKI/sD5/AP70nRM=</latexit>

• study waiting times:

‣           ,           for each subsystem separately

‣           cross-correlated waiting time

• without interaction             :W = 0
<latexit sha1_base64="nDGvl7IO6odHZFVt9E7ymRa3Ao8=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoBch4MVjRPOAZAmzk95kyOzsMjMrLCEHP8CrfoI38eqn+AX+hpNkD5pY0FBUddPdFSSCa+O6X05hZXVtfaO4Wdra3tndK+8fNHWcKoYNFotYtQOqUXCJDcONwHaikEaBwFYwupn6rUdUmsfywWQJ+hEdSB5yRo2V7lvXbq9ccavuDGSZeDmpQI56r/zd7ccsjVAaJqjWHc9NjD+mynAmcFLqphoTykZ0gB1LJY1Q++PZqRNyYpU+CWNlSxoyU39PjGmkdRYFtjOiZqgXvan4r5cMM82ZXlhvwit/zGWSGpRsvj1MBTExmYZB+lwhMyKzhDLF7QOEDamizNjISjYZbzGHZdI8q3rnVffuolKr5RkV4QiO4RQ8uIQa3EIdGsBgAM/wAq/Ok/PmvDsf89aCk88cwh84nz+r/ZZU</latexit>

two distinct frequencies                  , 
no cross-correlation

!� = |B� |
<latexit sha1_base64="L5HgELkfjRFs6GV2PMmY4FVPUlU=">AAACI3icbVDLSgNBEJyNrxhfqx69DIaAp7Crgl6EoBePEcwDskuYnXSSIbMPZnoDYckX+B1+gFf9BG/ixYNnf8NJsgeNFjQUVdU0XUEihUbH+bAKK6tr6xvFzdLW9s7unr1/0NRxqjg0eCxj1Q6YBikiaKBACe1EAQsDCa1gdDPzW2NQWsTRPU4S8EM2iERfcIZG6toVLw5hwLpeAMiuPBNF6o2D7Hq6kOhc6tplp+rMQf8SNydlkqPetb+8XszTECLkkmndcZ0E/YwpFFzCtOSlGhLGR2wAHUMjFoL2s/k7U1oxSo/2Y2UmQjpXf25kLNR6EgYmGTIc6mVvJv7rJcOJFlwvncf+pZ+JKEkRIr643k8lxZjOCqM9oYCjnBjCuBLmAcqHTDGOptaSacZd7uEvaZ5W3bOqc3dertXyjorkiByTE+KSC1Ijt6ROGoSTB/JEnsmL9Wi9Wm/W+yJasPKdQ/IL1uc3lhelTQ==</latexit>

complex cross-correlated behavior,   
six oscillation frequencies

How to explain the spectrum of the 
coupled oscillators? 

Hred = Bu · Iu +Bl · I
l + 2WIuz I

l
z

<latexit sha1_base64="Bj+3Q6Hfo9AdWsQHIVrbWVu3GuU="></latexit>
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• with interaction             : W > 0
<latexit sha1_base64="QXUbXiC/hblZgLz0HLTWXlN1/7g=">AAAB/3icbVDLSgNBEOyNrxhfUY9eBoPgKeyqoCcJePEY0TwgWcLspDcZMju7zMwKS8jBD/Cqn+BNvPopfoG/4STZgyYWNBRV3XR3BYng2rjul1NYWV1b3yhulra2d3b3yvsHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbqZ+6xGV5rF8MFmCfkQHkoecUWOl+9a12ytX3Ko7A1kmXk4qkKPeK393+zFLI5SGCap1x3MT44+pMpwJnJS6qcaEshEdYMdSSSPU/nh26oScWKVPwljZkobM1N8TYxppnUWB7YyoGepFbyr+6yXDTHOmF9ab8Mofc5mkBiWbbw9TQUxMpmGQPlfIjMgsoUxx+wBhQ6ooMzaykk3GW8xhmTTPqt551b27qNRqeUZFOIJjOAUPLqEGt1CHBjAYwDO8wKvz5Lw5787HvLXg5DOH8AfO5w+tl5ZV</latexit>

• consider subspace with one electron in each 
DQD:     

Coulomb term corresponds to 
antiferromagnetic Ising interaction 

���u,�l
↵
2 {|L,Li , |L,Ri , |R,Li , |R,Ri}

<latexit sha1_base64="P/JdOhK1d/qlWpZSevQaA8y6mBI="></latexit>

Iu, Il
<latexit sha1_base64="vWgEDQzbvx7yOndjby2TJdP4O0E=">AAACHXicbVDLSsNAFJ3UV62vqEsXBovgQkqigi4LbnRXwT6giWUynbRDJ5Mwc1MMIUu/ww9wq5/gTtyKX+BvOH0sbOuBC+eecy+Xe/yYMwW2/W0UlpZXVteK66WNza3tHXN3r6GiRBJaJxGPZMvHinImaB0YcNqKJcWhz2nTH1yP/OaQSsUicQ9pTL0Q9wQLGMGgpY556A797DZ/cIE+QpbkpzM9zztm2a7YY1iLxJmSMpqi1jF/3G5EkpAKIBwr1XbsGLwMS2CE07zkJorGmAxwj7Y1FTikysvGj+TWsVa6VhBJXQKssfp3I8OhUmno68kQQ1/NeyPxXy/up4oRNXcegisvYyJOgAoyuR4k3ILIGkVldZmkBHiqCSaS6Qcs0scSE9CBlnQyznwOi6RxVnHOK/bdRblanWZURAfoCJ0gB12iKrpBNVRHBD2hF/SK3oxn4934MD4nowVjurOPZmB8/QJWkaO+</latexit>

• use isospins 

• eigenvalues      of                        give rise to 
spectrum (                 ):

�
i

~ [Hred, ...]
<latexit sha1_base64="l1gnWn9FB/H0SCj1pZn/PybaM/g="></latexit>

• tunneling induces renormalization:

✏̃� = ✏� + �✏
<latexit sha1_base64="H/ohZLFcgGxFI/R8VOf25w+HpzA=">AAACNXicbZBLSgNBEIZ74ivG16hLN41BEIQwo0LcCAE3LiMYDTgh9PRUkiY9PUN3jRCGHMVzeAC3egAX7kSXXsHOQ9HoDwU/X1VR1B+mUhj0vGenMDe/sLhUXC6trK6tb7ibW1cmyTSHBk9kopshMyCFggYKlNBMNbA4lHAd9s9G/etb0EYk6hIHKbRi1lWiIzhDi9puNUAhI8gDSI2QiRq2gxCQ0VP6RSbgIIhAWv5N3bJX8caif40/NWUyVb3tvgdRwrMYFHLJjLnxvRRbOdMouIRhKcgMpIz3WRdurFUsBtPKxw8O6Z4lEe0k2pZCOqY/N3IWGzOIQzsZM+yZ2d4I/ttLewMjuJk5j52TVi5UmiEoPrneySTFhI4ipJHQwFEOrGFcC/sA5T2mGUcbdMkm48/m8NdcHVb8o4p3cVyu1aYZFckO2SX7xCdVUiPnpE4ahJM78kAeyZNz77w4r87bZLTgTHe2yS85H5+/Oa0N</latexit>

and

Analyzing the Spectrum

• small interaction             :  W ⌧ �
<latexit sha1_base64="Vkuuxp73pSTWFF6A8CUodKHulb4=">AAACB3icbVBLSgNBEK3xG+Mv6tJNYxBchRkVdBlwocsI5gOZIfR0epIm/Rm6e4Qh5AAewK0ewZ249RiewGvYSWahiQ8KHu9VUVUvTjkz1ve/vJXVtfWNzdJWeXtnd2+/cnDYMirThDaJ4kp3YmwoZ5I2LbOcdlJNsYg5bcejm6nffqTaMCUfbJ7SSOCBZAkj2Dqp2w45R+EtFgL3KlW/5s+AlklQkCoUaPQq32FfkUxQaQnHxnQDP7XRGGvLCKeTcpgZmmIywgPadVRiQU00np08QadO6aNEaVfSopn6e2KMhTG5iF2nwHZoFr2p+K+XDnPDiFlYb5PraMxkmlkqyXx7knFkFZqGgvpMU2J57ggmmrkHEBlijYl10ZVdMsFiDsukdV4LLmr+/WW1Xi8yKsExnMAZBHAFdbiDBjSBgIJneIFX78l78969j3nrilfMHMEfeJ8/7kqZyg==</latexit>

!u,!l
<latexit sha1_base64="TR8DlOp35FE64/zlIY26fGQl5lQ=">AAACHXicbVDLSsNAFJ34rPUVdenCYBFcSElU0GXBjcsK9gFtKJPpbTt0JgkzN2IIXfodfoBb/QR34lb8An/DaZuFbT1w4dxz7uVyTxALrtF1v62l5ZXVtfXCRnFza3tn197br+soUQxqLBKRagZUg+Ah1JCjgGasgMpAQCMY3oz9xgMozaPwHtMYfEn7Ie9xRtFIHfuoHUno004b4RGzZHQ204tRxy65ZXcCZ5F4OSmRHNWO/dPuRiyRECITVOuW58boZ1QhZwJGxXaiIaZsSPvQMjSkErSfTR4ZOSdG6Tq9SJkK0ZmofzcyKrVOZWAmJcWBnvfG4r9ePEg1Z3ruPPau/YyHcYIQsun1XiIcjJxxVE6XK2AoUkMoU9w84LABVZShCbRokvHmc1gk9fOyd1F27y5LlUqeUYEckmNySjxyRSrkllRJjTDyRF7IK3mznq1368P6nI4uWfnOAZmB9fULJJGjoA==</latexit>

|!u±!l|
<latexit sha1_base64="k3HUfM3HXkdLC7KwDj27Q95iwmE=">AAACLHicbVDLSgNBEJyNrxhfqx69DAbBU9hVQY8BLx4jmAe4IcxOOsmQmd1lplcMy/6F3+EHeNVP8CLiVX/DyeNgEgsaiqpqmq4wkcKg5304hZXVtfWN4mZpa3tnd8/dP2iYONUc6jyWsW6FzIAUEdRRoIRWooGpUEIzHF6P/eYDaCPi6A5HCbQV60eiJzhDK3XcSmBdpEGsoM86AcIjZmmeBYnK5zSZT4Idt+xVvAnoMvFnpExmqHXcn6Ab81RBhFwyY+59L8F2xjQKLiEvBamBhPEh68O9pRFTYNrZ5K+cnlilS3uxthMhnah/NzKmjBmp0CYVw4FZ9Mbiv14yGBnBzcJ57F21MxElKULEp9d7qaQY03FztCs0cJQjSxjXwj5A+YBpxtH2W7LN+Is9LJPGWcU/r3i3F+VqddZRkRyRY3JKfHJJquSG1EidcPJEXsgreXOenXfn0/maRgvObOeQzMH5/gVtdqqV</latexit>

• strong interaction             :W � �
<latexit sha1_base64="GbvNwXQNu1LI4poNz1KnzWOFoUg=">AAACB3icbVDLSsNAFL3xWeur6tLNYBFclUQFXRZc6LKCfUATymQ6SYfOTMLMRAihH+AHuNVPcCdu/Qy/wN9w2mahrQcuHM65l3vvCVPOtHHdL2dldW19Y7OyVd3e2d3brx0cdnSSKULbJOGJ6oVYU84kbRtmOO2limIRctoNxzdTv/tIlWaJfDB5SgOBY8kiRrCxUr/rxzHyb7EQeFCruw13BrRMvJLUoURrUPv2hwnJBJWGcKx133NTExRYGUY4nVT9TNMUkzGOad9SiQXVQTE7eYJOrTJEUaJsSYNm6u+JAgutcxHaToHNSC96U/FfLx3lmhG9sN5E10HBZJoZKsl8e5RxZBI0DQUNmaLE8NwSTBSzDyAywgoTY6Or2mS8xRyWSee84V003PvLerNZZlSBYziBM/DgCppwBy1oA4EEnuEFXp0n5815dz7mrStOOXMEf+B8/gDeBZnA</latexit>

‣  four frequencies            and

‣four    -dependent frequencies W
<latexit sha1_base64="XgnUjLXpb9XtKP217gFI/aBqlY8=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48JmAckS5id9CZDZmeXmVlhWYIf4FU/wZt49Vv8An/DSbIHjRY0FFXddHcFieDauO6nU1pb39jcKm9Xdnb39g+qh0cdHaeKYZvFIla9gGoUXGLbcCOwlyikUSCwG0xv5373AZXmsbw3WYJ+RMeSh5xRY6VWd1ituXV3AfKXeAWpQYHmsPo1GMUsjVAaJqjWfc9NjJ9TZTgTOKsMUo0JZVM6xr6lkkao/Xxx6IycWWVEwljZkoYs1J8TOY20zqLAdkbUTPSqNxf/9ZJJpjnTK+tNeOPnXCapQcmW28NUEBOTeRRkxBUyIzJLKFPcPkDYhCrKjA2sYpPxVnP4SzoXde+y7rauao1GkVEZTuAUzsGDa2jAHTShDQwQnuAZXpxH59V5c96XrSWnmDmGX3A+vgGy6pXT</latexit>

|L,LihR,L| : ! ⇡ W + ✏u

|L,LihL,R| : ! ⇡ W + ✏l

|R,RihL,R| : ! ⇡ W � ✏u

|R,RihR,L| : ! ⇡ W � ✏l
<latexit sha1_base64="6HTnBC8aNMBSa+04FSK1PbSweP8="></latexit>

oscillation in only 
one DQD

‣two     -independent frequencies W
<latexit sha1_base64="XgnUjLXpb9XtKP217gFI/aBqlY8=">AAAB/XicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF48JmAckS5id9CZDZmeXmVlhWYIf4FU/wZt49Vv8An/DSbIHjRY0FFXddHcFieDauO6nU1pb39jcKm9Xdnb39g+qh0cdHaeKYZvFIla9gGoUXGLbcCOwlyikUSCwG0xv5373AZXmsbw3WYJ+RMeSh5xRY6VWd1ituXV3AfKXeAWpQYHmsPo1GMUsjVAaJqjWfc9NjJ9TZTgTOKsMUo0JZVM6xr6lkkao/Xxx6IycWWVEwljZkoYs1J8TOY20zqLAdkbUTPSqNxf/9ZJJpjnTK+tNeOPnXCapQcmW28NUEBOTeRRkxBUyIzJLKFPcPkDYhCrKjA2sYpPxVnP4SzoXde+y7rauao1GkVEZTuAUzsGDa2jAHTShDQwQnuAZXpxH59V5c96XrSWnmDmGX3A+vgGy6pXT</latexit>

|L,LihR,R| : ! ⇡ ✏u + ✏l

|L,RihR,L| : ! ⇡ |✏u � ✏l|
<latexit sha1_base64="q0TrTG9eeBdBc8pqrIlKq20n4DA="></latexit>

Collective coherences induced by  
Coulomb repulsion! 

in phase

in antiphase

�
<latexit sha1_base64="h4YV+hf+oJrvDnIHcFW/3FK1VEk=">AAACA3icbVDLSsNAFL2pr1pfVZduBovgqiQq6LLgxmUF+4A2lMlk2g6dTMLMjRBCl36AW/0Ed+LWD/EL/A2nbRbaemDgcM653DsnSKQw6LpfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeTaiFg9YJZwP6IjJYaCUbRSpy9tNKSDas2tu3OQVeIVpAYFmoPqdz+MWRpxhUxSY3qem6CfU42CST6t9FPDE8omdMR7lioacePn83On5MwqIRnG2j6FZK7+nshpZEwWBTYZURybZW8m/usl48wIZpbW4/DGz4VKUuSKLbYPU0kwJrNCSCg0ZygzSyjTwn6AsDHVlKGtrWKb8ZZ7WCXti7p3WXfvr2qNRtFRGU7gFM7Bg2towB00oQUMJvAML/DqPDlvzrvzsYiWnGLmGP7A+fwBblaYdQ==</latexit>

| Im�| ⌘ !
<latexit sha1_base64="rijkVrAWfBxE6nPEZgeC4Jflte8=">AAACI3icbVDLSsNAFJ34rPUVdelmsBRclUQFXRbc6K6CfUATymRy2w6dSeLMpBBCv8Dv8APc6ie4EzcuXPsbTtsstPXAhcM593C5J0g4U9pxPq2V1bX1jc3SVnl7Z3dv3z44bKk4lRSaNOax7AREAWcRNDXTHDqJBCICDu1gdD3122OQisXRvc4S8AUZRKzPKNFG6tlVz7gae7cCe9zEQoILBR5SNsZeLGBAenbFqTkz4GXiFqSCCjR69rcXxjQVEGnKiVJd10m0nxOpGeUwKXupgoTQERlA19CICFB+PntngqtGCXE/lmYijWfq70ROhFKZCMymIHqoFr2p+K+XDDPFqFo4r/tXfs6iJNUQ0fn1fsqxjvG0MBwyCVTzzBBCJTMPYDokklBtai2bZtzFHpZJ66zmntecu4tKvV50VELH6ASdIhddojq6QQ3URBQ9omf0gl6tJ+vNerc+5qsrVpE5Qn9gff0AgNOkqQ==</latexit>

Summary & Outlook
• By performing a counting experiment on only 

one DQD all six oscillation frequencies can 
be measured and conveniently analyzed via a 
waiting-time distribution.

• For strong interaction the envelope function     
of             suggests a coherent antiphase 
oscillation of the electrons to avoid each 
others company. 

• Outlook: attractive electron-electron 
interaction [3], analogue system with coupled 
spin valves [1]

wul(⌧)
<latexit sha1_base64="6UXVSDpxKLsZeWLawCihrX3i+2U=">AAACEXicbVDLSsNAFJ3UV62vaJduBotQNyVRQZcFNy4r2Ac0sUymk3bo5MHMjRpCvsIPcKuf4E7c+gV+gb/htM1CWw9cOJxzL/fe48WCK7CsL6O0srq2vlHerGxt7+zumfsHHRUlkrI2jUQkex5RTPCQtYGDYL1YMhJ4gnW9ydXU794zqXgU3kIaMzcgo5D7nBLQ0sCsPtxlDrBHyBKR53UHSHIyMGtWw5oBLxO7IDVUoDUwv51hRJOAhUAFUapvWzG4GZHAqWB5xUkUiwmdkBHraxqSgCk3mx2f42OtDLEfSV0h4Jn6eyIjgVJp4OnOgMBYLXpT8V8vHqeKU7WwHvxLN+NhnAAL6Xy7nwgMEZ7Gg4dcMgoi1YRQyfUDmI6JJBR0iBWdjL2YwzLpnDbss4Z1c15rNouMyugQHaE6stEFaqJr1EJtRFGKntELejWejDfj3fiYt5aMYqaK/sD4/AHl/p4f</latexit>

&
<latexit sha1_base64="Gjg8I57h6TDB7GUSiPL+NVzpzwY=">AAAB/nicbVDLSgNBEOyNrxhfUY9eBoPiKeyqoMeAF49RzAOSJcxOepMhs7PLzKywhIAf4FU/wZt49Vf8An/DSbIHTSxoKKq66e4KEsG1cd0vp7Cyura+UdwsbW3v7O6V9w+aOk4VwwaLRazaAdUouMSG4UZgO1FIo0BgKxjdTP3WIyrNY/lgsgT9iA4kDzmjxkr33dNeueJW3RnIMvFyUoEc9V75u9uPWRqhNExQrTuemxh/TJXhTOCk1E01JpSN6AA7lkoaofbHs0sn5MQqfRLGypY0ZKb+nhjTSOssCmxnRM1QL3pT8V8vGWaaM72w3oTX/pjLJDUo2Xx7mApiYjLNgvS5QmZEZgllitsHCBtSRZmxiZVsMt5iDsukeV71Lqru3WWlVsszKsIRHMMZeHAFNbiFOjSAQQjP8AKvzpPz5rw7H/PWgpPPHMIfOJ8/HQGWCA==</latexit>

W↵ = W + �W↵
<latexit sha1_base64="RlIymeVuFJMxW4K6+ftRvYXJPn0=">AAACGnicbVDLSsNAFJ34rPUVdamLwSIIQklU0I1QcOOygm0KTSk3k0kzdPJgZiKE0I3f4Qe41U9wJ27d+AX+htM2grYeuHA4514O93gpZ1JZ1qexsLi0vLJaWauub2xubZs7u22ZZILQFkl4IjoeSMpZTFuKKU47qaAQeZw63vB67Dv3VEiWxHcqT2kvgkHMAkZAaalvHjh9F3gaAr7CzonrU64A/2h9s2bVrQnwPLFLUkMlmn3zy/UTkkU0VoSDlF3bSlWvAKEY4XRUdTNJUyBDGNCupjFEVPaKyRcjfKQVHweJ0BMrPFF/XxQQSZlHnt6MQIVy1huL/3ppmEtG5Ey8Ci57BYvTTNGYTNODjGOV4HFP2GeCEsVzTYAIph/AJAQBROk2q7oZe7aHedI+rdtndev2vNZolB1V0D46RMfIRheogW5QE7UQQQ/oCT2jF+PReDXejPfp6oJR3uyhPzA+vgGQEqBw</latexit>

↵ 2 {L,R},� 2 {u,l}
<latexit sha1_base64="DizC519MNmIHOM9t6fOSBubXxEI=">AAACNHicbVDLSgNBEJz1bXxFPXoZDIKHEHZVVDwJXjx4iGJUcEPonXTM4OzsMtMrhiV/4nf4AV71BwRvIt78BiePg0YLGoqqboquKFXSku+/emPjE5NT0zOzhbn5hcWl4vLKhU0yI7AmEpWYqwgsKqmxRpIUXqUGIY4UXka3Rz3/8g6NlYk+p06K9RhutGxJAeSkRnE3BJW2IZSahzkPCe8pPymfdXnYLfMwQgL+y8vKquc1iiW/4vfB/5JgSEpsiGqj+Bk2E5HFqEkosPY68FOq52BICoXdQphZTEHcwg1eO6ohRlvP+/91+YZTmryVGDeaeF/9eZFDbG0njtxmDNS2o15P/NdL2x0rhR2Jp9Z+PZc6zQi1GKS3MsUp4b0GeVMaFKQ6joAw0j3ARRsMCHI9F1wzwWgPf8nFViXYrvinO6XDg2FHM2yNrbNNFrA9dsiOWZXVmGAP7Ik9sxfv0Xvz3r2PweqYN7xZZb/gfX0DPVWrDg==</latexit>

(                                  )


