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OUTLINE

Zero point energy and vacuum effects

Dynamical Casimir in superconducting
circuits

Non-contact quantum friction

Experimental proposal

New ldeas
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CASIMIR EFFECT

« Zero-point energy in vacuum e Zero-point energy with boundaries

1 1
Eozzihw)‘ — 5 Eo(d)=Z§hw,\,=oo
A A’

But Ey — Ey(d) # oo!

Quantum vacuum fluctuations also

produce forces:

Hendrick Casimir
(1948) e Between two atoms (Van der Waals force)

e Between and atom/particle and a plate
(Casimir-Polder force)
e Between two imperfect mirrors

Lamoreaux F 2 he
experiment — = = — — —
(19%7) A 240 d2 B \‘:i *“\-\\%73 1 ;\‘:{ Charge and current
AR e fAltaratatinseinduced
. <0 0| 0 B hpteepieawtion
e Casimir force between two f{ S ;{5\/\, J‘;;:\ fluctuations
perfectly conducting plates o R %




QUANTUM VACUUM EFFECTS

Vacuum fluctuations
at the event horizon
results in the
breaking up of pairs
of virtual particles.
One is trapped in the
BH and the other

escapes to infinity

An accelerated
observer in vacuum
sees afieldin a
thermal state.

Vacuum fluctuations
“promoted” to
thermal fluctuations

Hawking Radiation

How about direct observation of vacuum fluctuations?
—>Amplification of vacuum fluctuations

Parametric amplifier

= signal {w,)
UMD (w;,) X
nonlinear idler (w;)
medium

Dynamical Casimir effect

%

-
ai

Ny,
! -

J
'ﬁl
pholon pair ] “_:. -
&
ol ' vaduem
R Nuctuations
'."L.""'h S, r-.-’.-r\,_":.’_,f 1 —

N

|
-—
S —

Note: HR and UE only
involved an observer,
which only detects
the state of the field
and does not affect
the modes of the field

as in DCE

A mirror undergoing
nonuniform
relativistic motion
can modify the mode
structure of vacuum
non-adiabatically.
Can result in the
conversion of virtual
photons (vacuum
fluctuations) to real
detectable photons.



Introduction

Vacuum excitation due to time
dependent external conditions

Accelerated neutral objects

}

DISSIPATIVE FORCES
PHOTON CREATION



Introduction

Vacuum excitation due to time
dependent external conditions

Accelerated neutral objects

}

DISSIPATIVE FORCES Variation of electromagnetic

=)

properties of the media
PHOTON CREATION (conductivity, permittivity, etc)
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SOME INTUITION

classical
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Introduction SOME INTUITION

classical

Existing
—  EM field

B s EMWave

Accelerated mirror

quantum = Photon creation
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Mirrors

OLD RESULTS FOR MOVING MIRRORS

Simplest case: massless scalar field in 1+#1 D
Dirichlet boundary conditions

L) 12 2
— r 12l — o(t, = o (t. —
L 2/0 da (u o) ) h(t.0) (iL(r)) 0

Static equidistant spectrum



Mirrors

OLD RESULTS FOR MOVING MIRRORS

Simplest case: massless scalar field in 1+#1 D
Dirichlet boundary conditions

L) 12 2
— r 12l — o(t, = o (t. —
L 2/0 da (u o) ) h(t.0) (iL(r)) 0

Static equidistant spectrum

b(t.7) = Z a0 () sin (E.f(lri)) G INStANtaNCOUS basis (useful for

- intermediate calculations, no
intention to define N(t)!)

Set of coupled harmonic oscillators




Mirrors

SECULAR EFFECTS

external frequency = eigenfrequency

Equidistant spectrum
All modes are coupled

The number of particles created
grows quadratically with t.

Total energy in the cavity grows exponentially (Dodonov & Klimov 1996)



Mirrors

More general boundary conditions
Massive case mmmalp NON-equidistant spectrum

Cavities in 3+1 dimensions *
posibility of parametric

resonance for a single
mode (or a few modes)

\

exponential growth

Villar & Soba, PRE 2017



Introduction
Very difficult to observe..

£ _ A g (7‘??1(:.1')2
Rate of photon production T 6072 c2 \ ¢
by a single oscillating mirror ‘

in vacuum Umax

c

— 1007 Q=10GHz A = 10cm?

1 photon/day!!



Introduction
Very difficult to observe..

N 44 523 ( Umax ) 2

Rate of photon production T~ 60m2c2 \ ¢

by a single oscillating mirror ‘

in vacuum Urna . _
fmaz _10=7 Q= 10GH=z A — 10em?

C

1 photon/day!!

For cavities the situation is

better due to parametric ‘

resonace... but still difficult ) . -
Nmaz = € @ < e'! @

* |In order to produce 5 GHz photons, we need mechanical oscillations with 10GHz

e Actual limit: 6GHz



Mirrors

2 moving mirrors ‘ “interference” effects in

the particle creation rate
<G— —

“breathing” mode “shaker” mode

h h

Mainly studied for Dirichlet fields in 1+1

Dalvit & Mazzitelli (1999) - Villar, Soba & F.C.L. (fully numerical approach (2017)



Mirrors

values of g

f.
) = H)L

qmt
R(t)=A —eApsin (¢) + €Apsin (1\ + (,J) = AN+ edR(t)

ﬁ

[/ Secular behaviour for integer

i-:.‘.

L(t) =€A; slll(

/ ‘

when aor b do not vanish
Method: conformal transformation

€T A‘l[‘ -_1;!1' q+1 : H

=5 | T(—lJ cos(Q) - Moore equation - RG improved
A | solution

b= iz.—({(_—l}”ﬂ sin(o).

Dalvit & Mazzitelli (1999) - Villar, Soba & Lombardo (2017)



Mirrors

-

-
) qmt :
L(t) =€Apsin | — | =0+ edL(t) 150.0 |
qmt . A
R(t) = A — €Agsin (¢) + eApsin T = AN+ edR(t) o
P -
50.0
a= _\% !AL 4R( 1)+t cos(o)] -\J
b= i%‘l—f(—l)qﬂ sin(o). 500,

05
x/A

1.

shaker mode, q=3 (compared with 1 mirror oscilation)

Dalvit & Mazzitelli 1999



EXPERIMENTAL VERIFICATION OF DCE (2011)

By applying a time-
dependent magnetic flux
through the SQUID we
get a time-dependent
inductance, which in turn
produces a time-
dependent boundary
condition for the field in
the waveguide

P, coplanar waveguide
»

Dot (1)

Effective
Lgff

(b) ;Kr_Mmirror

Transmission line

photon-flux density 7"

o - oo o= o= o

z =0

x

==

RS ij Y

:(SLoff‘

1t

Modulated inductance of SQUID at high frequencies (> 10 GHz)

Wilson et al, 201



(a)

{i,, coplanar waveguide
»

Effective
Lgff

(b) .

| . mirror
Transmission line :
L} 1
photon-flux density n%"* :
I ' e
Time dependent boundary condition =10 <>§
g 2 QE | I :
'S - C )
Crb0.0)+ (G0 a0 (0.0 'S(SLQW
1 0P(x,t)
" Lo O =0 =0

Circuit QED

Wilson et al, 2011



DIFFERENT EXPERIMENTAL REALIZATIONS OF DCE

mirroe
' N
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Q@ ==
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SQUID

(b)

(d)

somitransparent
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resonator
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Circuit QED




MORE RECENT EXPERIMENTAL RESULTS

(doubly tunable resonator)

Particle creation with simultaneous excitation of both SQUIDs

Observation of interference effects.

Qp = On=—2ky

961 il
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Figure 3. (a) Photon down-conversion. Measured with a single pump applied to the left flux line at the
bias point (0.3,0.3) ®g. (b) Histogram taken at the point marked with a black circle in (a). We measure
two w-shifted states. (¢) Double-pump measurement. where the phase difference. ¢ between the pump
signals is varied. Here the SQUID bias is (0.2,0.2) &g and the generated radiation for 6 = —1 MHz is

displaved.

Svensson et al 2018



DOUBLY TUNABLE SUPERCONDUCTING CAVITY

Model Scalar field in the cavity

n\220k .
(%) TJ¢(2) = E.% COS fL(t)¢(2)

h 2C'O < 12 2 412
Lcav_(%) 7/0 da:(¢ —v )+

2
+|(2) - e

2

SQUIDs at x=0 and x=d
$o = ¢(t,0)  ¢da = ¢(t,d)

Wustmann Shumeiko 2013



Model Scalar field in the cavity

Phases across the SQUIDs controlled
by external magnetic fluxes

SQUIDs at x=0 and x=d
¢0 == ¢(t) O) ¢d = ¢(t) d)

Wustmann Shumeiko 2013



Model Scalar field in the cavity

Phases across the SQUIDs controlled

by external magnetic fluxes

SQUIDs at x=0 and x=d
¢0 = ¢(ta O) ¢d = ¢(t’ d)

Quantum field in 1+1 dimensions with terms localized on the borders Wustmann Shumeiko 2013




Model

Setting v = 1/VLoCo =1, Ck = CF = Cy, Ec = (2¢)?/(2C;) and Ep cav = (h/2¢)?*(1/Lod) we have

(5 — ¢” — 0)
with the ”"boundary conditions”

h? .
E—Cqso +2E% cos fL(t)po + EL cavddy =0
ﬁ2

E_&;d +2E% cos f2(t)pa + EL cavddy =0
C



Model

Setting v = 1/ LoCo =1, CL = CF = Cy, Ec = (2¢)?/(2C;) and Ep cav = (h/2¢)?*(1/Lod) we have

..

¢—¢”:0)

@ 2E% cos f(t)po + EL cavddy = 0
@ 2E% cos fR(t)pa + B cavddly = 0

Unusual boundary condition sy localized degrees of freedom

with the ”"boundary conditions”

Neglecting this term — time dependent Robin boundary conditions — Approximate
Dirichlet boundary conditions on a time dependent position

o(t,d) + Leff(t)¢’(t, d) ~ ¢(t,d + Leff(t)) =(



PARTICLE CREATION IN A DOUBLY TUNABLE CAVITY

Particle creation 4 (®) = 1 0)0(tp — tep rsin(Q gt + ¢r r) == Time dependent magnetic flux

2e. J. 2 : N
P(z,t) = 2\ Cod Zn:qn(t) cos (knz + ©n) i Expansion of the field in terms of

modes of the static cavity

2ER R 9C
kndtan (knd T <Pn) - ELCOS fo . CO(; (
,cav

2ELcos ff  2C; .
k.d
EL,cav s COd( )

knd)* . Equations that define the static
spectrum

kndtan g, = —

Lombardo, Mazzitelli, Soba & Villar 2018



Particle creation 4 (®) = 1 0)0(tp — tep rsin(Q gt + ¢r r) == Time dependent magnetic flux

2 2 : R
P(z,t) = %31 / Cod an(t) cos (knz + @) = Expansion of the field in terms of

modes of the static cavity

2ERcos f& 20,
kndtan (knd + @n) = éL B > — ng(k"d)2 < Equations that define the static

spectrum
2E~ cos f i 2C; (ko d)?
EL,cav C'Od "

k,dtanp, = —

Insert in the Lagrangian ===y set of coupled harmonic oscillators

Lombardo, Mazzitelli, Soba & Villar 2018



FIELD EQUATION

R
Gn +K2q, = ;2‘;0{ erf(t)0(tr — t) sin(f3) sin(Qrt + dr) cos(knd + ©n) Z G (t) co8 (knd + ©rn)

2V

+ Tag 20(O0(tr — ) sin(fy) sin(@ut + 1) cos o ; @ (t) 08 Prm,

Particle creation
with

in [2 (knd in 2¢p
8in | (2k;nd+<pn)] _81;1:3 + 20 c06? (knd + ©n)

and X0 = 2CJ/(COd)) %L,R = 2E§’R/EL,(2V; €L.R < 1.



R
Gn + k2gn = ;2‘;04 erf(t)0(tr — t) sin(f3) sin(Qrt + dr) cos(knd + ©n) Z G (t) co8 (knd + ©rn)

| | FM. e0(t)0(tr — t) sin(fy) Sin(QLt + ¢1) c08Pn D gm(t) 08 Prm,
Particle creation m

with
8in {2 (knd + ¢n)] _ B 20
2k, d 2k, d

and X0 = 2CJ/(COd)7 %L,R = 2E§’R/EL,0&V) €L.R < 1.

M,=1+ + 2x0 co8® (knd + @)

g“(” L (:l‘:!“ 4 “;:J’[ : t<0 Helsenber‘g -
2k, vV 2k, representation : :
Number of particles in mode n
) ekt piknt . , outt out|n. \ _— 2
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Bogoliubov

~out __ : ~ 1M ko AinT
@t = D _(nmiy + Bnmin) transformation



SPECTRUM

(knd) tan (knd + ©n) + x0(knd)? = b Nonequidistant spectrum unless
s - Y /
(k. d) tan ¢, + xo(k.d) by — b(I;’R > 1

L!R —-— L,R L,R
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SPECTRUM: SUMMARY

Particle creation

 The spectrum is determined by the static parameters of the SQUID’s

 Parameters can be adjusted to have equidistant or non-equidistant
spectra

 The space of parameters is richer and easier to adjust compared
with the case of mirrors (would involve a manipulation of their
electromagnetic properties)



ANALYTICAL RESULTS

Particle creation

Gn + w2 (t)gn = z ZS(J) sin(Q;t+¢;), i=L,R

m#n j

wi(t) =k2 — Zag) sin(Q;t + ¢;)

R
Shen = dz\/zﬁ%ezz sin f%(0) cos (knd + ¢n) cos (kmd + ¢m)
SL = 2Vy. ez, sin fL(0) cos g, cos ¢
™ &M, S
af = 2V5* er sin f(0) cos?(knd + ©n)
n = BM. n n
al = 2Vg- ez, sin £2(0) cos?(¢n).

d’M,,



Particle creation

n+wi®gn =) > SY) si, j=L,R

m#n j .
external frequencies and phases

wi(t) = k2 — ) al) sin(Q;t + ¢;)
j

N
er sin f**(0) cos (k,d + ©,) cos (knd + ©m
e sin £7(0)cos (kud + 1) eos )
WE o
ez, sin f~(0) cos @, cos @,
d?/M,M,,
2Ve' . (R 2
3 er sin f**(0) cos*(k,d + ©r)
2VLn All couplings depend nontrivially
0

gL sin fZ(0) cos®(pn).  ON the parameters of the SQUIDs




Method of multiple scales (MSA)

—tk t k,,t

+ B.(T T = €t Average over

fast oscillations

Gn(t,7) = An(T)=

Particle creation

4k —= =—-B, Zamd —2kn)e™ + Y " Y " SY) [Am (6(Q — kim + kn )€™ — 6(Q; + km — kn)e ™)
m#n J
-B 5(9 — kp — ke %]

L Zama —2kn)e® — 3 =) " SY) [Bm (8(Q + km — kn)e*?s — 8( + kn — km)e™*%)
m#n j

+Am6(Qj — kp — k)]

Resonance conditions




A single resonant mode: (); = O p = 2L,

dA - * "

Particle creation
dB . o
4k, dtn = —Ay[o + alle™0r]

Exponential growth with a rate:

[y = ——1/(aR)? + (ak)? + 2aFak cos

S
w
S
~

Nn ~ el“nt _ enﬂet n = O(l)



A single resonant mode: (); = O p = 2L,

dA _ L
4k3n dtn = _Bn _O(,{; -+ afe_“/’Rd

Particle creation
dB _ L

Exponential growth with a rate:

T = ——/(aB)? + (ak)? + 2080k cfs or

Interference due to phase difference of external magnetic fluxes



Two resonant modes: O, =Qr=k,, +k,

dA, .
4k, = — B (SE + SE e r)
dt mn mn
Coupled iB
A-B eqns :
| S = A (S + S
dAm L L R —1QR
coupte 4k, — = —B,(S;, + 5. e )
A-B egns dBn .
4k, = — A, (SE 4+ SE er),
Exponential growth |Pmn|

L R _—1
with arate  4./k. k., I = Smn + Smne G



Two resonant modes: O, =Qr=k,, +k,

dA,, .
4k, —" = —B,(SL + SE e~¢r)
Coupled dgt
A-B eqns :
A = (S S
dAm _ L R _—i¢r
coupte 4k, — = —B,(S;, + 5. e )
A-B egns dBn .
4k, = — A, (SE 4+ SE etor),

interference

Exponential growth |an| L R
with a rate 4, /kmkn an — Smn + Smn




ANALYTICAL RESULTS

SUMMARY

Resonance conditions

QL,R = 2I€n QL,R = |kn :I:kgl

Parametric resonance for a finite
number of modes

* Rate of growth depends on eigenvalues and phases
* Interference - dephased external excitation

« “Contrast” can be easily tuned with the static parameters



NUMERICAL ANALYSIS

METHOD
=(m) 2 (m) __ (L +R (m)
0 < t < t Solve USing €n +u"??-(t)€n - Z (5??_}(t) + bnj(t)) €5
~ UF Runge-Kutta-Merson | n#
e,,(qm)(t) — e~ hnls  for t < 0 (initial condition)
tF < t < tnlax E,S:n) (t) — anﬂle—’iknt _|_ /Bnrne‘iknt

Multiply by e and average to obtain /Bnm

— Nn(tp) — Zm |/8nm(tF)|2

Numerics: P. Villar & A. Soba



NUMERICAL ANALYSIS

RESULTS

Ni
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Non-leading resonance:

Usual leading order resonance in MSA Qj = Qgr = 2k,

Beyond leading order: Qrp =Qgr =k,

N4
1x108

800000 f Q=2k;
600000 f

400000 | Q=k;

200000+ L// x/,
0 e S— l

0 100 200 300 400




Different external frequencies:

N;
50l Qp = ko + ky
QL = A”-Q — ;{31

106_

10}

100}

- - -
- -
Be -

in phase
out of phase

" 1 g o N L N gmey 1 " M g ey " " M J T
200 400 600 800 1000

\Anphase 0R+0,
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DETUNING

MAIN RESONANCE

second mode /N,

QL =~ QR =~ QZ{?Q

6.82 4000

3500
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3000

ek 2500
Q,d 2000
6.79 |- 1500
1000
QO ~QOp ~ 2k S |
. 500
: } 6.77 0
first mode Ny 6.77 6.78 6.79 6.8 6.81 6.82

Qqd



CONCLUSIONS: DCE

Numerical an analytical analysis of the particle creation in a doubly tunable
superconducting cavity

The description of the system involves generalized boundary conditions or
degrees of freedom concentrated on the boundaries

Parameters can be tuned to change the characteristics of the spectrum

Rate of particle creation strongly depends on the eigenvalues and phases of
the static eigenfunctions

Interference effects by dephasing the external magnetic fields on both SQUIDs

Analytical results based on Multiple Scale Analysis (more recently on Magnus
approximation - Fosco, F.L. & Mazzitelli 2018)

Numerical results confirm and extend analytical analysis

F.C. L., F.D.Mazzitelli, P. I. Villar and A. Soba (2018)



QUANTUM FRICTION
CASIMKREPORDER

Iﬁﬁ%@*@%@fﬁf@ dhitions
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Quantum Friction: fact or fiction? (2010)



OTHER DISIPATIVE EFFECTS

Friction between imperfect moving mirrors (Pendry 1997)

dielectric 1
+v/2

Simplest case:

[%5 — 1]2 3hv
e+1] 267244

Dissipative forces due to excitation of internal degrees of freedom
(C. Fosco, F.C. L., F.D. Mazzitelli, 2010 y 2011)

Plane mirrors which are not in contact undergo

constant-speed relative parallel motion



QUANTUM FRICTION

Quantum friction can be understood in terms of an
exchange of virtual photons between the two bodies,
which in turn excite their internal degrees of freedom



RELATED EFFECTS

e Quantum Cerenkov (v > c_m)

e Atom - Atom

e Atom - Plate (Casimir Polder)

e Tip of an Atomic Force Microscope - surface

e Dynamical Casimir (Real photons /accelerated
objects)
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For speeds of 1% of the speed of light (very high) the force results in two

orders of magnitude less than that of static Casimir (which is even less
than the force between perfect conductors)

Fe

M.B. Farias, C.D. Fosco, F.C.L. & F.D. Mazzitelli.
"Quantum friction between graphene sheets.”
Phys. Rev. D95, (2017) 065012



FRICTION FORCE:
ATOM-MIRROR

v
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L. Viotti, M.B. Farias, F.C. L, & P.I. Villar, “Thermal corrections
to quantum friction®, Phys. Rev. D 99 (2019) 105095



DECOHERENCE OVER THE ATOM

Enhancement of the decoherence due to friction

8? ——————

M.B.

Farias &
F.C.L.
Phys.
Rev. D93,
065035
(2016)

—_ )\ =

0 0.02 0.04 0.06 0.08 0.1 0.02 0.04 0.06 0.08 0.1
v Q

The presence of the plate reduces the decoherence time, but only for non- vanishing

relative velocity. For very small velocities, decoherence time is not reduced, even for
greater values of the coupling constant between the plate and the vacuum field

tp is shown as a function of the plate’s characteristic dimensionless frequency, for
different values of its macroscopic velocity v. A clear minimum appears for every value
of v, and it is located in Q = w,. Decoherence is maximal in the resonant case, hence
making the decoherence time vanish. Far from the resonance, for () >> wg, decoherence

time tends to the limiting value that corresponds to the case A = 0 (the case with no
plate)



QUANTUM FRICTION INPRINTS ON THE
GEOMETRIC PHASE OF A MOVING ATOM

e As a consequence of quantum friction, we compute the
non-unitary geometric phase for the moving particle under
the presence of the vacuum field and the dielectric mirror

e We show in which cases decoherence effects could, in
principle, be controlled in order to perform a
measurement of the geometric phase using standard
procedures as Ramsey interferometry

F.C.L & P.I. Villar, Europhys.
Letts. 118, 50003 (2017)



Model: moving atom + EM field

H = h/2 A 0, + Hse + Hg

(b)




O(r,t) = / d°k / dw (qb(k,w)&k,we“k“‘—““ +h.c.) EM potential
0

— (dressed photons)

creating and destroying “photons” in a
wider meaning, since they are
creation and destruction operators of
5 h Q_ka e(w) — 1 composite states (field plus material)
o(k,w)|” = Im
212k e(w) + 1

e(w) p— wgl/(wg — w2 — ZCUF) Drude-Lorentz permittivity
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GEOMETRIC PHASE

qbg — arg Z \/ek(T)Gk(O) <k(0)|k(7')> e Jo dt{k] 5 1k)

k

GP is gauge invariant in that it only depends upon the path in state space

of the considered system.

GP for nonunitarily evolving mixed states leads to the well-known results

when the evolution is unitary.

Cucchietti, Zhang, F. L., Villar, Laflamme
Phys. Rev. Lett. 105, 240406 (2010)

Tong, Sjoqvist, Kwek, and Oh
Phys. Rev. Lett.93, 080405 (2004)
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EXPERIMENTAL PROPOSAL

M.B. Farias, F.C.L, A.Soba, P.I. Villar & R.S. Decca: Nature Quant. Inf. (2020)

Our feasible experimental setup would
be based on the use of a single NV center
in diamond as an effective two-level
system at the tip of a modified AFM tip.

The distance can be controlled from a

few nanometers to tenths of nanometers
with sub-nanometer resolution. The NV

system presents itself as an excellent
tool for studying geometric phases

12cm diameter Au-coated Si disks

rotated up to Q = 27000 rad/s. non-inertial effects can be completely
neglected in order to model a particle
moving at a constant speed on the
material sheet. Since it is critical to

State-of-the-art phase-detection experiments in
NV centers in diamond permit the detection of ~ 50
mrad phase change over 10”6 repetitions

keep the separation uniform, to
prevent spurious decoherence, it is
important to asses the plausibility of
the proposed experimental setup.



The NV center consists of a vacancy, or missing carbon atom, in the

diamond lattice lying next to a nitrogen atom, which has substituted for
one of the carbon atoms

The NV center offers a system in which a single spin can be initialized,

coherently controlled, and measured. It is also possible to mechanically
move the NV center



EXPERIMENTAL PROPOSAL

fiber
interferometer

‘ cantilever
In the proposed NV center ' j

experimental  setup, >
the  sample s b (—/s\
constituted by a Si

disk laminated in

metal (we propose to gap
use Au or n-doped Si

coating).

Si disk

Parameters of the Drude-Lorentz model for Au are wpl = 1.37 10*16rad/s; I'/wpl ~ 0.05, and
wpl = 3.510"4 rad/s; I'/wpl ~ 1 for n-Si). The coated Si disk is mounted on a turntable.



Measurement of the
separation between the AFM

tip

The nominal separation “a”
between the tip and the
sample are 7.2 and 3.4 nm.

The AFM tip moves vertically
appox. 27.3 nm to keep the
separation constant.

The overall change in thickness of
the rotating plate could be as
large as 50 nm at a given radius,
the feedback control maintains
the specified separation “a” to
better than 6a =1 nm. The
experiment is doable at a = 3 nm,
with da (possible fluctuations in
distance) induced decoherence
effects being negligible compared
to the quantum friction ones.
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Numerical simulation in
experimental conditions with n-Si
(u =0.0025) and Au (u = 6.4 10*-5)
coating disk.

The inset shows [8¢ul — [6¢pu=0|
for a range of velocities u derived

by the assumption of values of “a”
ranged between 3 and 10 nm; all of

them for the case of Au coating.

In experimental conditions, we can achieve different velocities u depending the metal
coating of the Si disk. When it is coated with n-doped Si, the dimensionless velocity u is
bigger, u = 0.0025 making it measurable with the actual technology.



CONCLUSIONS: FRICTION

We have found a proper scenario to indirectly detect quantum friction by
measuring the geometric phase aquired by a particle

The system preserves purity for several cycles, which allows us to ensure that
the GP could be measured

After many cycles the correction to the accummulated GP due to the velocity of
the particle becomes relevant

We have proposed an experimental setup which determines the feasibility of the
experiment and would be the first one in tracking traces of quantum friction
through the study of decoherence effects on a two-level system

In experimental conditions, we can achieve different velocities depending the
metal coating of the Si disk. When it is coated with n-doped Si, the
dimensionless velocity u is big enough, making GP measurable with the actual
technology

The emerging micro- and nanomechanical systems promising new applications
in sensors and information technology may suffer or benefit from non-contact

quantum friction )
M.B. Farias, F.C. L., P. Villar, A. Soba & R. Decca; Nature Quant. Inf. (2020)
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New stuff

Optomechanical cavity:
phonons to photons

N. Del Grosso, F.C. L., P. Villar - Phys. Rev D (2019)

Entanglement, Decoherence &
Geometric phase: GP sensor

L. Viotti, F.C. L., P. Villar - Phys. Rev. A (2019)
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Enhanced decoherence for a neutral particle sliding on a metallic surface in vacuum

Ludmila Viotti, Fernando C. Lombardo©, and Paula I. Villar
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Detectable Signature of Quantum Friction on a Sliding Particle in Vacuum

Fernando C. Lombardo,':? Ricardo S. Decca,® Ludmila Viotti,! and Paula I. Villar!:2

Advanced
Quantum
Technologies,
2021
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FIG. 6. Correction to the geometric phase ¢, (normalized
with respect to the static correction d¢.-0) as a function of
the dimensionless velocity u, considering different polariza-
tion directions of the particle. Red line (circle) corresponds
to # = w/2 and ¢ = w/2 values which yields a polarization
along the y axis, parallel to the surface and perpendicular
to the motion. Gray line with (hexagon) corresponds to the
f = 0 case, yielding a polarization perpendicular to the di-
electric surface, along the z axis. Green line with (triangle)
corresponds to the case in which the atom is polarized in the
direction of motion # = 7/2 and ¢ = 0. As it has been
reported, for very small velocities the presence of the quan-
tum field dressed by the dielectric is dominant. However,
for bigger velocities, the theory predicts that d¢ux0 becomes
relevant making it possible to detect differences as the geo-
metric phase accumulates. Parameters used: N = 100, =1,
rofws = 1072, A = 0.2.
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Quantum Otto cycle in a superconducting cavity in the nonadiabatic regime

Nicolds F. Del Grosso®,' Fernando C. Lombardo ®,' Francisco D. Mazzitelli ®,”> and Paula I. Villar'

Quantum Thermodynamics in superconducting
cavities and circuit QED

PHYSICAL REVIEW A 105, 052217 (2022)

Shortcut to adiabaticity in a cavity with a moving mirror

Nicolds E. Del Grosso @,! Fernando C. Lombardo ©@,! Francisco D. Mazzitelli,> and Paula 1. Villar!
\epartamento de Fisica Juan José Giambiagi, FCEyN UBA and IFIBA CONICET-UBA, Facultad de Ciencias Exactas y Naturales,
Ciudad Universitaria, Pabellon I, 1428 Buenos Aires, Argentina
2Centro Atémico Bariloche and Instituto Balseiro, Comision Nacional de Energla Atémica, R8402AGP Bariloche, Argentina

M (Received 1 February 2022; accepted 10 May 2022; published 23 May 2022)

Shortcuts to adiabaticity constitute a powerful alternative that speed up time evolution while mimicking
adiabatic dynamics. In this paper we describe how to implement shortcuts to adiabaticity for the case of a
massless scalar field inside a cavity with a moving wall, in 1 + 1 dimensions. The approach is based on the
known solution to the problem that exploits the conformal symmetry, and the shortcuts take place whenever
there is no dynamical Casimir effect. We obtain a fundamental limit for the efficiency of an Otto cycle with
the quantum field as a working system, that depends on the maximum velocity that the mirror can attain. We
describe possible experimental realizations of the shortcuts using superconducting circuits.

We analyze the efficiency of the quantum Otto cycle applied to a superconducting cavity. We consider its
description in terms of a full quantum scalar field in a one-dimensional cavity with a time-dependent boundary
condition that can be externally controlled to perform and extract work unitarily from the system. We study
the performance of this machine when acting as a heat engine as well as a refrigerator. It is shown that, in a
nonadiabatic regime, the efficiency of the quantum cycle is affected by the dynamical Casimir effect that induces

a sort of quantum friction that diminishes the efficiency. We also find regions of parameters where the effect is so
strong that the machine can no longer function as an engine since the work that would be produced is completely
consumed by the quantum friction. However, this effect can be avoided for some particular temporal evolutions
of the boundary conditions that do not change the occupation number of the modes in the cavity, leading to a
highly improved efficiency.

Ly L

FIG. 1. The four strokes of the Otto cycle in terms of the length
of cavity L and the mean energy of the quantum field inside it.




Quantum Sci. Technol. 6 (2021) 045018 https://doi.org/10.1088/2058-9

Quantum Science and Technology daractarlaetion it
ol [ TR Integrable ; ' i |
gl o Quantum | A - Wesonen
S A “.\ ;r'\ )MI o & Chaos - g
UL EY D oed i
fa) . Correction to the : ‘

PAPER Time geometric phase : s

Local Y
. . . o XL
~ Sensing quantum chaos through the non-unitary geometric P I st e e (et
phase .
Nicolas Mirkin* 7, Diego A. Wisniacki, Paula I Villar and Fernando C Lombardo
YA

— 0.1

------ 2 PHYSICAL REVIEW A 10§, 022218 (2022)

===+ unitary

2 Geometric phase in a dissipative Jaynes-Cummings model:
Theoretical explanation for resonance robustness
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Motion induced excitation and radiation from an atom facing a mirror

César D. Fosco,"' Fernando C. Lombardo'i",l‘* and Francisco D. Mazzitelli'*

We study quantum dissipative effects due to the non-relativistic, bounded, accelerated motion
of a single neutral atom in the presence of a planar perfect mirror, i.e. a perfect conductor at all
frequencies. We consider a simplified model whereby a moving ‘scalar atom’ is coupled to a quantum
real scalar field, subjected to either Dirichlet or Neumann boundary conditions on the plane. We
use an expansion in powers of the departure of the atom with respect to a static average position,
to compute the vacuum persistence amplitude, and the resulting vacuum decay probability. We
evaluate transition amplitudes corresponding to the excitation of the atom plus the emission of a
particle, and show explicitly that the vacuum decay probabilities match the results obtained by
integrating the transition amplitudes over the directions of the emitted particle. We also compute
the spontaneous emission rate of an oscillating atom that is initially in an excited state.

In a previous work we computed the probability of excitation and photon emission for a single neu-
tral atom undergoing non-relativistic, accelerated motion, in the presence of a perfectly-conducting
plane. We considered a simplified model where the atom was coupled to a quantum scalar field. In
this paper we extend those results to the more realistic case of the atom coupled to the quantum
electromagnetic field. We pay particular attention to the spontaneous emission rate produced when
the accelerated atom is initially in an excited state, and to its comparison with the case in which
the atom is at rest in front of a moving mirror.

(c) ka=>5
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