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eR Femtosecond orbital imaging
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QR Spin-orbit in Cu-Phthalocynine =

The neutral molecule has an unpaired spin on the metallic center

The lowest unoccupied molecular orbitals (LUMOs) are orbitally

degenerate &
+7
+3
0
—3
The spectrum of the anion is determined o
by the three energy scales
10 —
. jd=2 d=2 | 5
Charging energy U~1eV 5] 0.5 d=12 T4+ 7=
: > /s /A= Nt -
Exchange coupling J~ 1072 eV jé: 0 | d=38 é 0_ d=21} $0+ '
Spin-orbit coupling A~ 103 eV Lé T
B \ o5l pd=Zir
\d=6 r=-lo=
-10 - E—
U Uu-+J U+J+A

B. Siegert, A. Donarini and M. Grifoni, Beilstein J. of Nanotech. 6, 2452 (2015)
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We consider for simplicity a spinless model for the CuPc LUMOs:

The two orbitals model

N h PN ~ A
Hyol = Z (e + 27“’) d}zd& +UN(N —1).
l.=+1
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R The two orbitals model

We consider for simplicity a spinless model for the CuPc LUMOs:

Huyot = Y eN+hwT, + UN(N - 1). Pseudo-spin
£.=+1

The tip and substrate are non-interacting Fermi seas with
adiabatically modulated energies

~— | Laserpulse

fAIleads - Z[Enk + anevbias (t)]éj;kénk
nk

kept at the quasi-equilibrium chemical potentials 1, (t) = po + yeViias(t).

The tunnelling Hamiltonian reads:
Htun - Z tzlpk I'tlp Ctlp kdﬂ + tfguE é;rub kdfz + h.c.
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Tunnelling rate matrices

The single particle rate matrices T} ,, (E) = Zt “tpS(E — en)

contain the geometrical information concerning the tunnelling process:

\ /A
&7
;i

£, = =
Extendend tunnelling: I or I
angular momentum conservation

Local tunnelling:

angular momentum mixing g

T30, = T6P07, (rup) e (rup)

z

L3 =150

S. Sobczyk, A. Donarini, and M. Grifoni Phys. Rev. B 85, 205408 (2012)
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Tunnelling rate matrices

We express the tunnelling matrix in terms of Pauli matrices and pseudo-spin polarization

Ftip — Fglp(l + Ptip . O')

0 2

Y €T

COS P
Py = ( sin thi;) ) ¢yip = arctan ( 22%:1%2) + E[Sglrl(w; —p2) —1]

where we introduced the real orbitals

P:ip| is @ measure of the tip sharpness and ¢, is the direction of the tip polarization
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R Open system dynamics -

We describe the dynamics of this driven open system with a generalized master
equation for the reduced density operator / = Tricaas{ftot }

: i a0 b . .
p= —ﬁ[HmohP] - ﬁ[HLS(t)aP] + Leun (1) (7]

— A _/
~ ~

internal dynamics time dependent coupling to the leads

Po

The density operator assumes a block-diagonal form in the basis of the
molecular eigenstates 1

P2

We represent the dynamics in terms of occupation probabilities and pseudo-spin

P
po = Py P1:711+T'0 p2 = P
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At the charge neutrality point

we distinguish three dynamical regimes:

Above threshold

Py = —2T3"P Py + 2T P (£ 4 Py - T)

Py = —2T{P(5 + Pyp - T) + 2I5" Py + 2 ) TP,

n

Py=-2) T{P
n

. 1
T =[we, — Fglp;(ﬁﬂl,tip — P12.tip) Ptip] X T
~T5[T + (5 + Po)Pup)

After a short excursion into the O-particle state, the system
is trapped in the 1-particle pure state:

R Pseudo-spin dynamics

o = €+ % , and deep in the Couolomb blockade regime kg1 < U

—Apg

—Ap|

P=1 T = —5Pp Qubit preparation

-2
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R Pseudo-spin dynamics

At the charge neutrality point g = € + % , and deep in the Couolomb blockade regime kg1 < U

we distinguish three dynamical regimes: Y
S
—Apg|

Under threshold

> 7
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. n
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" Pseudo-spin dynamics |

At the charge neutrality point g = € + % , and deep in the Couolomb blockade regime kg1 < U

we distinguish three dynamical regimes: —An
S

—Ap |
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Populations
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Read-out mechanism
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Transmitted charge

Square pulse 1y, = (5 0 3)A
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Transmitted charge

Gaussian pulse yiip, = 0A, Ztip = 3A
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Transmitted charge

Gaussian pulse yiip, = 1A, Ztip = 3A
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Conclusions and outlook

 The two orbitals model for Cu-Pc shows pseudo-spin dynamics with tip
depenent driving

e With a bias pulse we prepare the molecular qubit in an tip dependent anionic
pure state.

* The charge transfer per pump-probe cycle allows for the electrical read-out of
the coherent pseudo-spin precession.

* Spin and pseudo —spin dynamics will be combined for a more realistic model of
Cu-Pc single molecule junction

* Impact of dephasing and relaxation processes which go beyond charge
tunnelling shall be considered (e.g. Jahn-Teller effect)

Thank yov for your attention !
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