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MOTIVATION

 Classical & guantum physics:
System in contact with a colder bath.

« Quantum physics:
Cooling mechanical degrees of freedom using the
radiation pressure of light.

= Interacting body should first be cold or coherent.



ALTERNATE COOLING METHOD

* Presented paradigm: Thermal hot states can be
used to significantly cool down a quantum system.

* It Is demonstrated that due to the driving with
thermal noise, the inferaction of other modes can
be effectively enhanced, giving rise to a
“transistorlike™ effect.

It furns out that thermal noise, when appropriately
used, can assist cooling.



THE SYSTEM UNDER CONSIDERATION

* Hamiltonian: H=Hy+ H
Hy = hwga'a + hwyb™ + hw.cle
H, = hg(a+b)T(a+ b)(c+ )




TRANSFORMATION

Rotating interaction picture with respect 1o:
hwy(a'a + bTh)
Radiation pressure is invariant.
System Hamiltonian simplifies to
H) = hAa'a + hw.c'c
where A = w, — wy.

The frequencies are chosen such that A = w,,
which is the optimal resonance for cooling.



QUANTUM MASTER EQUATION

. 7
p=Lp=—zH pl+ (Lat Ly +Lec)p
with the generators being defined by
5 =",
Ly, = (1 4+ np)kDy + npk Dy
L.=(14+n)yDe~+ nexD,

and D,(p) = 2zpx’ — {xTx,p}



WEAK COUPLING APPROXIMATION

Mode b is considered as an external “bath”.
The Liouvilllan can be decomposed as

L= e »Cint 55 »Cbath

Sys
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MASTER EQUATION FOR THE REDUCED
SYSTEM Pa,c = trb [,0]

Pa,c(t) =LiyePa,c(t)

== B/ / ds eﬁrs[:intpa,c(t IS 5) X Pb
0
with Er = Esys it £bath and £bpb —"0¥

Pa,c(t) =LeysPa,c(t)

1

==1 ﬁtrb [H17/ dS €£r8 [ngpa,c(t = S) %Y pb]
0)



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (A)

The master equation up to second order in the
coupling g.

Pa,c(t) =LiyePa,c(t)

1 ©.@)
. ﬁtrb [Hla/ ds [GEIS(HI)HOCL,C(t i 8) ®pb:|]
0

Corresponding to a “dissipative interaction picture”
with respect to L, .



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (B)

Start from H; = Ag(a + b)'(a + b)(c+ ¢') and neglect
the term proportional to a'a because we assume
mode a to be weakly perturbed from its ground state.

Bath bis allowed to have an arbitrary temperature.
=B = Bl sl 4= e ol

With § = bTb — ny, .



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (C)

* AS W — wWp = We, The rotating wave approximation
IS
H! = hg(a'bc + ab'c) + hgd(c + ')

» For the partial frace two-time correlation functions
of mode b are needed,

(beﬁlsbw —Jeaieny

<56£I85> = 6_2"’8(71% + ny)



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (D)

Within the fime scale given by the exponentials, one
can neglect the effect of the mechanical reservoirr.

T A p s »
eﬁrsa L (/<;—|—2A)sa il (ﬁ;—l—zwc)sa
1- N b B
QLrSC = ('y—|—zwc)sc ~ o Wes

And the integration can be performed.



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (E)

- In Li... ONly counterrotating terms are kept.
2

ECOOI — g_/{/ ((1 —I_ nb)DacT —I_ anaTc)

i 2r9° (N3 + np)
heat — 4/{/2 _|_ wg

(DCT _I_DC)

- The effect of L,.., IS a renormalization of the mean
occupation number of the mechanical bath.

2r9°(ng + np)
v(4r% + W?)

Ne > Ne = N +



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (E)

* With the renormalized Liouvillian, the master
equation can be written

pa,c =3 (Zsys ah Ecool)pa,c

* The equations for the number operators:
2

P = =2k — = ((np + 1)fig — nphe — Aafic)
Y

. g2

Ne = —2VNe — — (nb’fzc — (np + 1)Ng — ﬁa'fzc) + 2971,
Y



SEQUENTIAL APPROXIMATION OF THE
INTERACTION HAMILTONIAN AND THE
DAMPING MECHANISM (F)

Assuming  {fiaTe) =~ (fig) (), analytical expressions
for the steady state expectation values are found

i Ne — 1] 4L <(ﬁc+77)2 fe "anﬁc>1/2
& b

withn =1+ np(1 4 k/v) + 26°/g°.



RESULT
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CONCLUSION

» The notion of cooling by heating is established.

« Cooling processes can be assisted by means of
incoherent hot thermal light.

* It would be interesting to fully flesh out the potential
for the effect to assist in generating nonclassical
states “the bit" or entanglement.



