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Motivasyon ve Deneysel Ornekler
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Motivasyon ve Deneysel Ornekler
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Fig. 3. Experimental cavity optomechanical systems,
(Top to Bottom) Gravitational wave detectors [photo
credit LIGO Laboratory], harmonically suspended gram-
scale mirrors (28), coated atomic force microscopy canti-
levers (29), coated micromirrors (14, 15), SiN; membranes
dispersively coupled to an optical ity (31), optical
microcavities (13, 16), and superconducting microwave
resonators coupled to a nanomechanical beam (33), The
masses range from kilograms to picograms, whereas fre-
-~ quencies range from tens of megahertz down to the heriz
level, CPW, coplanar waveguide.

T. Kippenberg and K. Vahala,
Science 321, 1172 (2008).
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Harmonik olarak tutturulmus gram-skalasinda ayna

=

The 1 g end mirror is suspended by two optical fibers 300 m

in diameter, giving a natural frequency Q=27 x172Hz for

its mechanical mode, with quality factor Q_ =3200.

Phys. Rev. Lett. 98, 150802 (2007).
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A hybrid on-chip optomechanical transducer for
ultrasensitive force measurements
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Sogutma islemi
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_ Cavity
Anti-Stokes resonance

Converts phonons to photons.
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Similar to parametric down
conversion.

Red detuned driving

Blue detuned driving
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Laser cooling of a nanomechanical oscillator into its

quantum ground state
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Electromagnetically induced transparency and
slow light with optomechanics
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Makroskopik kuantum fenomolojisini gosterimde
ne kadar ileri gidebiliriz?

Optical detection of
Superposition of SChFOdinger cat states
3 s . X
macroscopically distinct states? Of a cantllever

“‘membrane in the middle”

Fabry-Perot cavity with a thin SIN membrane inside
(J. Kimble Caltech)

Harris-Yale,

D. Vitali-University of Camerino Italy
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Ortasinda zar olan Cift tarafli nano-mekanik kovuklu sistemde
Optomekaniksel indirgenmis Saydamlik Deneyi
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cavity axis
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Birinci terim kovuk alanin enerjisi

Ikinci terim hareket edebilen aynayla kavite alani arasindaki etkilesmeyi
belirten optomekaniksel sabit parametre.

Uclincii terim hareket edebilen aynanin enerjisi.

Dorduncu terim laser gucunun temsil ettigi enerji

g :\/2Kg)/(ha)l).
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Isik basincinin tanimi:

Elastik
garp}chma
o Ap = p,— p; =—hk—hk =-2hk
':; Kovukicinde yolculuk zamam ¢ =2L / c,
n, ayna uzerine vuran toplam foton sayiay:
AP orar = NoAp = —2nyhk
impulse-momentum teoremi Ap,.. = Ft

Isik basing kuvveti:

Fo F e AP toral _ 2nyhk _ nohk _ "ohay /c _ myhay

t 2L/¢c L/c L/c L
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Model Sistem A : Tek tarafli nano-mekanik kovuklu sistem
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Model Sistem A
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Fiziksel yaklasim:

L Sideband resolved limit @, >>«

L K>> 7,

Condition for EIT in a optomechanical system
Er =V, T,

2K

ﬂ 9
7/—m—ix

2
where x=0-aw,.

K—IX+

PRA 81,041803(R) (2010)
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Deneysel Parameterler

Secilen parametreler:

1= _1064nm L=25mm m =145ng

@

k=27x215x10°Hz ®, =27x947x10°Hz |x/w®,, =0.227

l

a
Q =—"2=6700 The ground state <<
Vm cooling condition m
— Pc =3.8mW I.Wilson-Rae et al., Phys.Rev.Lett.99,093901(2007);

F.Marquardt et al., Phys.Rev.Lett.99,093902(2007);
A.Schliesser et al., Nature Physics 4,415(2008).

S. Groblacher, K. Hammerer, M. R. Vanner, M. Aspelmeyer, Nature, 460, 724
(2009).
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Real ve imajiner kisim F, =3mW
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Analog of EIT

G. Agarwal, S. Huang, PRA 81,041803(R) (2010)
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Real Kisim P, =3mW
Analog of EIT
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G. Agarwal, S. Huang, PRA 81,041803(R) (2010)
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Real ve imajiner kisim
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Model A’daki sonuclar
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FIG. 3: Phase as a function of normalized frequency d/w,, for input coupling laser power P, = 1

mW. The parameters are the same as Fig, (2).
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Model A’daki sonuclar
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Group delay as a function of the pump power. Time delay of the
probe in the presence of the coupling field as a function of the power

of the pumping or coupling field Acta Physica Polonica A 124, 46-49 (2013).
y, =2mx141Hz (solid line)

y, =2mx120Hz (dashed line) .



Model Sistem B: Cift tarafli nano-mekanik
kovuklu sistem
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Heisenberg Hareket Denklemi:

(c()={c(®))e™

q

S e

P

m

~+~

-ma,’q —hg,c c—y,p

¢ = —2x +i(w, — o, +gq)lc+ E.tee

—i(w,—a, )t

Duragan durum ¢ozumu:

p.=0, ¢ gl Co = —2
— Y, — 9 0 — 9
’ ’ maw.’ 2K +iIA

m

burada A=w, —w, + gq,

28



Model Sistem B

Zayif alan surlcu alandan cok zayif
Probe much weaker than coupling field
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Model Sistem B

Probe much weaker than coupling field
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Physical Review A 87, 013824 (2013).
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F1G. 8: The power dependent EIT width I'(d) as a function

of normalized frequency with 6 = w..

FPe = 0 solid, 5pW

(dashed). All parameters are the same with those of Fig. 2.
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