Outline:

First Lecture: general introduction, application to
conventional SC junctions (non-int, steady-state)

Second Lecture: effect of interactions (DCB),
quench dynamics, time-dependent FCS

Third Lecture: topological superconductors
featuring MBS, two terminal, multiterminal,
Interaction effects



Environmental effects finite capacitance
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ideal voltage source

Macroscopic impedance

nClassical effects —, Phase diffusion

"Quantum effects ____, Dynamical CB



Dynamical Coulomb blockade in tunnel junctions

P(E) theory
Pothier et al. PRL (91)



Aim: understanding DCB in more general situations
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DCB-shot noise relation: PRL (01)
Yeyati,Martin-Rodero, Esteve,Urbina
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DCB in MAR regime: PRL (05)
Yeyati,Cuevas,Martin-Rodero



Coupling to the environment
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Blockade and Full Counting Statistics
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Current blockade in a normal single channel contact

(energy independent transmission)

ALY et al. PRL (01)
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Experimental test: ASC in resistive envinvironment
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Test in QPCs

Experimental Test of the Dynamical Coulomb Blockade Theory for Short Coherent
Conductors
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C. Altimiras, U, Genuser. A, Cavanna, D. Mailly, and F. Pierre”

PRL 99, 256805 (2007)



Extension to superconducting contacts:
DCB in the MAR regime?

coherent MAR Divergent effective charge

\ nex~2A/V—oow Jfor V50
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Why are charging effects negligible?

Signatures of DCB in MAR regime?




Blockade for single mode environment
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Tunnel limit

eV = 2A/n

<eV <

24+ w,
n

2n
T ) Idco Img(w)Img(m+ neV)

A—neV

m :fdm Img(o)Img(e + neV K, (0,0)- jdw Img

) 2
f (0, +keV) Hf(co2+IeV){
j—1

_

2
ﬁ f(o, + kevﬁ
k=1

axi-81/z <i>jw

\

<
P

m+m0)lmg(m+ neV)Kn

0+0,,0

_

—

MAR processes as
shots of charge ne



104/

N
YA
v 13
~~
YA
%®;
M

o
=
1

o, =0.2A

1=0.20
1=0.30

0,01

05 1,0 2,0 2,5

1,5
eV/A




=
o
[=}

e<8l>/zG A

Evolution towards ballistic limit
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effective charge

Antiblockade and Landau-Zener transitions §
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Transient Dynamics
and
Time-dependent FCS



Time resolved measurements: QD sequential regime

Gustavsson et al., PRL (2006)

Flindt et al., PNAS (2009)
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Time resolved measurements: superconducting atomic

contacts
Janvier et al., Science (2015) A Ey B c
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Transient dynamics Counting Statistics
(time resolved)
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General framework: model + Keldysh formalism

Generic nanodevice model H=Hc+ H;+ Hp+ Hy

ei;{/Z
i Y counting O A
R

N S feld 0 B ) { Keldysh contour
= 0= z
—— % . / / A
=— E— /> Z(X, t) = (T exp § —1 HT,X(t )dt ,O(O))

C
Generating function /1

p(0) = pL ® pc ® pr
Z(x,t) = "':”X “Probability” of n charges at time t

T

S(x,t) =InZ(x,t) Transient Cumulant Generating Function

(@X ) n ) C, - sharpness
S(x.t) =Y Cult)—— S 7aN

, - width

C; - skewness

Transient current ((["(t))) = s | Je L
cumulants -




Single level dot: non-interacting case
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Single level dot: transient charge and current
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Single level dot: charge transfer probabilities
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Yang-Lee zeros and higher order cumulants
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Yang-Lee zeros: effect of interactions
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Analogy with phase transitions

Zeros of partition function

converging to a branch cut

on real axis for V=2
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Quench dynamics in superconducting nanojunctions
R. Seoane, A. Martin-Rodero & ALY, PRL 2016
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Dependence on initial conditions
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Full counting statistics analysis (QPC regime)
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Asymptotic probabilities of many body states

QPC regime
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R. Seoane et. al. PRB 2017

Evolution of Yang-Lee zeros
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R. Seoane et. al. PRB 2017

Initialization by a sudden voltage drop (QPC regime)
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Consistency with experimental observations

Long lived trapped quasiparticle states

M. Zgirski et al. PRL 106, 257003 (2011)

Specific theory  Olivares et al. PRB (2014)
Zazunov et al. PRB (2014)

Coherent manipulation of ABSs C no drive 1 pulse
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Conclusions (Second Lecture):

Inclusion of interactions within Hamiltonian approach
(illustration in terms of dynamical CB)

Time-dependent transport: transient dynamics
and time-dependent counting statistics

Analysis of time-dependent FCS in terms of DYLZs

Metastabilty in superconducting nanojunctions:
robustness of odd states in QPC regime



