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* Im and Re parts using weak post-selected measurement (expectations)

Y. Aharonov, D. Z. Albert, and L. Vaidman, Phys. Rev. Lett. 60, 1351 (1988).

D. Pandey et al., Phys. Rev. A 103, 052219 (2021).

* Im and Re parts using strong post-selected measurement (expectations)

E. Cohen and E. Pollak, Phys. Rev. A 98, 042112 (2018).

F. De Zela. Phys. Rev. A 105.4, 042202 (2022)
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S. Kocsis, B. Braverman, S. Ravets, M. J. Stevens, R. P. Mirin, L. K. Shalm, and A. M. Steinberg.
Science 332, no. 6034 (2011): 1170-1173.
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(a) Closed system Quantum Thermalization
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g

C. F. Destefani and X. Oriols, Phys. Rev. A 107, 012213 (2023).
Destefani, Carlos F., and Xavier Oriols. arXiv preprint arXiv:2305.02026 (2023).



Il - Unprecedented Characterization

(a) Closed system Quantum Thermalization

time

| . I, [Besed i -
!mmmoymomummmmmmm»mmw»»»mww -----------

C. F. Destefani and X. Oriols, Phys. Rev. A 107, 012213 (2023).

Destefani, Carlos F., and Xavier Oriols. arXiv preprint arXiv:2305.02026 (2023).



Il - Unprecedented Characterization 11

400

-

energies
J
[
[

(a) Closed system Quantum Thermalization

(K) = (Kp) + (Kp)

MWN;<K}
(K)

—<K >

—_—< >

60 80 100 120 140 160 180 200 220
time

C. F. Destefani and X. Oriols, Phys. Rev. A 107, 012213 (2023).
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D. Pandey, R. Sampaio, T. Ala-Nissila, G. Albareda,
and X. Oriols, Phys. Rev. A 103, 052219 (2021).
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(b) Expected current in THz electronics
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G Albareda, F. Traversa, A Benali, and X Oriols, Fluct. Noise Lett. 11, 1242008 (2012)
D. Marian, N. Zanghi, and X. Oriols, Phys. Rev. Lett. 116, 110404 (2016).
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(c) The cut-off frequency in nanoscale transistors

Consensus dwell time

Tp:= jooo dtjrlllj(?, t)|%dr

D. Pandey, M.Villani, E. Colomes, Z. Zhan and X.Oriols, Sci. Technol. 34, 034002 (2019)
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(c) The cut-off frequency in nanoscale transistors
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(c) The cut-off frequency in nanoscale transistors
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(a) Markovian open quantum systems

Markovian Markovian
Master Equation _ Stochastic Schrodinger
for reduced density Equation unravelling
matrix some G

ps(t) = trg[pse] = Ee | [p(2); ¢* (N (6); g5 ()] ]

K. Jacobs and D. A. Steck, Contemp. Phys. 47, 279 (2006)

L. Li, M. J. Hall, and H. M. Wiseman, Phys. Rep. 759, 1 (2018)
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(b) SSEs Unravelling Weak Values  ;¢(¢) - %% (t)

alpf (%5,1) _ n2 92 . :
_— — — f .

jES

H. M. Wiseman and J. M. Gambetta, Phys. Rev. A 68, 062104 (2003) & Phys. Rev. Lett. 101, 140401 (2008)
X. Oianguren-Asua, CF. Destefani, M. Villani, DK. Ferry, X. Oriols. Chapter of: Physics and the Nature of Reality (2023)
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H. M. Wiseman and J. M. Gambetta, Phys. Rev. A 68, 062104 (2003) & Phys. Rev. Lett. 101, 140401 (2008)
X. Oianguren-Asua, CF. Destefani, M. Villani, DK. Ferry, X. Oriols. Chapter of: Physics and the Nature of Reality (2023)
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H. M. Wiseman and J. M. Gambetta, Phys. Rev. A 68, 062104 (2003) & Phys. Rev. Lett. 101, 140401 (2008)
X. Oianguren-Asua, CF. Destefani, M. Villani, DK. Ferry, X. Oriols. Chapter of: Physics and the Nature of Reality (2023)
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H. M. Wiseman and J. M. Gambetta, Phys. Rev. A 68, 062104 (2003) & Phys. Rev. Lett. 101, 140401 (2008)
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But, even in non-Markovian so Almost SSE !

Ps(t) = B 198 (1); g () (W5 (0); g (0] ] mp  Ovide approximation by

classical intuition

H. M. Wiseman and J. M. Gambetta, Phys. Rev. A 68, 062104 (2003) & Phys. Rev. Lett. 101, 140401 (2008)
X. Oianguren-Asua, CF. Destefani, M. Villani, DK. Ferry, X. Oriols. Chapter of: Physics and the Nature of Reality (2023)



lll - A Recipe for non-Markovian Open Quantum Systems

(c) Quantum electron transport with Monte Carlo trajectories

N
g . g | Two-time correlations (PSD), noise distribution,
I Total(t) - 2 Ik (t) logical operation frequency etc.
k=1

D. Marian, N. Zanghi, and X. Oriols, Phys. Rev. Lett. 116, 110404 (2016)
D. Pandey, E. Colomés, G. Albareda, and X. Oriols, Entropy 21, 1148 (2019)
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(c) Quantum electron transport with Monte Carlo trajectories
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The BITLLES S|mU|at0 I D. Marian, N. Zanghi, and X. Oriols, Phys. Rev. Lett. 116, 110404 (2016)

D. Pandey, E. Colomés, G. Albareda, and X. Oriols, Entropy 21, 1148 (2019)
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(c) Quantum electron transport with Monte Carlo trajectories
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k=1
Time averaged current (T=0.03 ps)
60 02 Sudden
b) = \/0ltage —— Source Drain —— Gate | Voltage
d -~
o Change

Source

Current (nA)

Bottom Gate

SRR LAl 0 Instant.
Current
-20 J l 4 ps
LN l

&yf M‘ TOWT VY 01| window
-40 |
0.03 ps

-60 window
0 1 2 3 4 5 6 7 8
Time (ps)
The BITLLES simulator. D. Marian, N. Zanghi, and X. Oriols, Phys. Rev. Lett. 116, 110404 (2016)

D. Pandey, E. Colomés, G. Albareda, and X. Oriols, Entropy 21, 1148 (2019)



Conclusions

Weak Values (e.g. the y) characterize quantum systems
They are experimentally measurable through averages
“Any” simulated result is thus a prediction for an experiment
They promote Bohmian Mechanics to a practical tool :

« Resolve pathological scenarios

« Non-Markovian SSE Toolbox

25



Thank you
for your attention!

Questions?
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17

(d.1.) Quantum Work?
W (ty,t;) ~ E(t1), E(ty), path(ty, ty)

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)
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(d.1.) Quantum Work?
W(ty, ty) ~ E(ty), E(t,), path(ty,ty)
« Path if measurement =+ if not measurement

« Energy undefined if not measurement

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)



Il - Unprecedented Characterization

17

(d.1.) Quantum Work?
W(ty, ty) ~ E(ty), E(t,), path(ty,ty)
« Path if measurement =+ if not measurement

« Energy undefined if not measurement

\ 4

No uncontextual quantum work?

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)



Il - Unprecedented Characterization

17

(d.1.) Quantum Work?
W(ty, ty) ~ E(ty), E(t,), path(ty,ty)

(ZA® [ ®) } _pYED?
(Zlw(®) 2m

Waell...

Energy of the
system in X, t

EV(%,t) = Re{ + V(% t) + QX t)

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)
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(d.1.) Quantum Work?
W(ty, ty) ~ E(ty), E(t,), path(ty,ty)

Well...
X[H()|(t 3V (X, t)2

Energy of the .y, o o _ po [ BIAOMO) ) _7YG07 ) o0 0
systeminXx,t (ij(t)) m

4
Work on the t2 d

$ — e (3€ _ oY (¢ _ cw(=E

¢-th trajectory W*(ty, t2) : ‘. dtg (x (t)'t)dt & (x (tz);tz) E (x (tl),tl)

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)
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(d.1.) Quantum Work?

Well W(ty, t;) ~ E(t1), E(ty), path(ty, t;)

Energy of the V() Re{ (X|H®|p @) } _ PV (%, t)?

+V(x,t) + Q(x,t)

systemin X, t (2] (6)) om
$

Work on the t2 d

3 = Y (S — Y (xS Y(pé

£.th trajectory " (trt2) . dt — EV(%4 (), t)dt = EV(R5(ty), t) — EVY (%5 (ty), 1)
$

Work on the 1 £ .

quantum system (W(ty,t2)): = hm o (o] Ws (84, t2) = (P (E)|H (£) Y (t2))

(€T

—((t1)|H(t1) |9 (t1))

R. Sampaio, S. Suomela, T. Ala-Nissila, J. Anders, and T. Philbin, Phys. Rev. A 97, 012131 (2018)

D. H. Kobe, J. Phys. A Math. Theor. 40, 5155 (2007)
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(d.2.) Two-time correlations

(GJ]£0 = (C(t)i(t) = WIGED(t)IP) € C

No well-defined two-time correlation?

D. Pandey, R. Sampaio, T. Ala-Nissila, G. Albareda, and X. Oriols, Phys. Rev. A 103, 052219 (2021).
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18

(d.2.) Two-time correlations

(GJ]£0 = (C(t)i(t) = WIGED(t)IP) € C

Well...

(Z|G () } V(E D)= Re { (F|Flp®) }

Y(%,t):=R — ~
#7(%.0) e{ Zlp(©) Flp(O)

1
(G(t2)] (t1)) = 11m — > g¥(%° (1), t1)FY (X5 (L), t2)

o |o]

€0

D. Pandey, R. Sampaio, T. Ala-Nissila, G. Albareda, and X. Oriols, Phys. Rev. A 103, 052219 (2021).



lll - A Recipe for non-Markovian Open Quantum Systems

LIJ( Yl; 'YNJ ?Env: t)




Ill - A Recipe for non-Markovian Open Quantum Systems

Lp(})l,...,})N,j;Env, t) > Lp(fl,.. xN,, yEnv(t) t)

P1.ne(t) One non-M. - [¢(D); g¢ (t)>1___N
open QS



Ill - A Recipe for non-Markovian Open Quantum Systems

. LIJ(?c’l,.. XN ; yEnv(t) t)

One non-M: Wﬁ(t)' g¢ (t)>1___1v
open QS

m) P1.n(E)

OK!
But... no P
approx.!




Ill - A Recipe for non-Markovian Open Quantum Systems

|

LIJ( ;C)ll ) ;C)N; j’)Env: t)

p1.nEg(E)

. LIJ(?c’l,.. XN ; yEnv(t) t)

(
¥ (751, x§ (t), ..

.

N non-M open QS!

A0, F5 (0, t) > | (©); gg(t)>1

Y (%O, ., By, (O, F, E(t),t)—>|¢1€/(t);gvf(t)>lv

One non-M Wﬁ(t)' gf(t)>1...N
open QS

m) P1.n(E)

OK!
But... no P
approx.!
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|

LIJ( ;C)ll ) ;C)N; j’)Env: t)
p1.ne(t)

N non-M open QS!

(‘

. LIJ(?c’l,.. XN ; yEnv(t) t)

One non-M.
open QS

W (%1, 70, .. (0, 375 (©),) = 19 (i 9(®)

.

Y (%O, ., By, (O, F, E(t),t)elwﬁ(t);gg(t)h

> [P 9:®),

m) P1.n(E)

=

—

p1(t)

Py (t)

OK!
But... no P
approx.!

~
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|

LIJ( ;C)ll ) ;C)N; j’)Env: t)

p1.nE(t) One non-M:
open QS
N non-M open QS!

(Yl,xz (©), .., %5 (©), Fp (t),t) > |y; (t);gg(t)>1

(‘

.

. LIJ(?c’l,.. XN ; yEnv(t) t)
> [P 9:®),

=

p1(t)

Available

P). apprx.!

Y (%O, ., By, (O, F, E(t),t)—>|¢1€/(t);gvf(t)>lv

—

Py (t)

m) P1.n(E)

OK!
But... no P
approx.!

-

~

pr.n()?
P2
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|

LIJ( ;C)ll ) ;C)N; j’)Env: t)

(‘

.

p1.nE(t) One non-M:
open QS
N non-M open QS!

¥ (1,50, Z(©, 5 ©.6) > 9] ©ig¢(0)

Y (%O, ., By, (O, F, E(t),t)—>|¢1€/(t);gvf(t)>lv

. LIJ(?c’l,.. XN ; yEnv(t) t)
> [P 9:®),

=

p1(t)

Available

P). apprx.!

—

Py (t)

m) P1.n(E)

OK!
But... no P
approx.!

-

~

p1.n(E)?
P?
*

No need!
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LIJ( ;C)ll ) ;C)N; 5;Env» t)

<7T _Zlellcp

. LIJ(?c’l,.. XN ; yEnv(t) t)

OK!
But... no P
approx.!

-

0 P1n(D)
’ p1.nEg(E) One non-M: |¢€(t)'g€(t)>1...N m=) P1.N
open QS
( = 50
. Y (%1, 25 (0), ., 50, i (©,t) - |¢f(t);g€(t)>l = p
vailable
P, apprx.! |
L CHORE NGRSO B IHOTZI0) =y X6
) y
S =~ — N
7!?(55' £) = Re {(xb ...,xl_v)lldl _)jk "‘IleyD)}
(x1 o XN YY) .

p1.n(E)?
P?
*

No need!
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LIJ(Yl, ...,YNJ;E,W, t) > LIj(yl; " xNu }’Env (t) t) ‘ ﬁ (t) 5 tOIr(‘!O:P
. il One non-M. wﬁ(t)' g€(t)>1...N o :p.l.l;rox.l
open QS :
( ~
@ (F, 50, 0, T 0.0) » 16 D90) 0 PO | 5 )2
¢< 1 :PAvallabIeI . S P ?
. apprx.! %
W (B (O 3030 T O,8) 5 [ ©Oi0:0) T 2® | o needs
\. ./
_ . g N
Doe oo NEr e Xy |Tdy e T Td [ 9) .
n (@ 1) = Re{ R } , E[J_T](t) = 11m Lol z JT f(t), ey X3 (), t)
gy =3, 4 = (Y1J1P)
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