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0 [lpuroTtoBrieHHble KBaHTOBbI€ COCTOSIHUA, MOHHbIE JIOBYLUKU
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[1) co3faHne Mosiekynbl 6e3 arnekTpoHOB
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Breitenbach et al., Nature 387, 471 (1997)
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Figure 1 Experimental scheme for generating bright squeezed light and

squeezed vacuum with an optical parametric oscillator (OPA). The electric field % b

quadratures are measured in the homodyne detector while scanning the phase 6. pm peme "{ photon
crystal photon pair crystal

L . . pair
A computer performs the statistical analysis of the photocurrent /, and recon-

structs the quantum states. EOM. E|ECUO'0I31iC mOGLHator.. DM- dichroic mlrrﬂr: FIG. 2. Spontancous parametric down-conversion. a) De-
. . . generate configuration, leading to single-mode squeezed vac-
SHG! second harmonic generator' HRI hlgh reflector. uum. b) Non-degenerate configuration, leading to two-mode

squoczccl vacuun.

Breitenbach et al., Nature 387, 471 (1997)
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KorepeHTHOe cocTosiHMe

Reconstruction of non-classical cavity field states with snapshots of their decoherence

S. Deleglise, I. Dotsenko, C. Sayrin, J. Bernu, M. Brune, J.-M. Raimond & S. Haroche
Nature 455,510, (2008)
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Figure 1| Reconstructing a coherent state. a, The set-up, showing the
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Reconstruction of non-classical cavity field states with snapshots of their decoherence
S. Deleglise, I. Dotsenko, C. Sayrin, J. Bernu, M. Brune, J.-M. Raimond & S. Haroche
Nature 455,510, (2008)

a 5




CocTtosHue Kota LLpeanHrepa
Reconstruction of non-classical cavity field states with snapshots of their decoherence

S. Deleglise, I. Dotsenko, C. Sayrin, J. Bernu, M. Brune, J.-M. Raimond & S. Haroche
Nature 455,510, (2008)
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Wigner function (2/r)

Figure 3 | Reconstructing Schrodinger cat states. a, b, The Wigner the atomic state superpos



O6O00OLWEeHHbIV NPUHUMN HeoNpeaeneHHOCTH

npumepsbl

P. Bosso, S. Das, and R. B. Mann

Planck scale corrections to the harmonic oscillator, coherent, and squeezed states
Phys. Rev. D 96, 066008 (2017)

TABLE I. Some relevant examples of HO are considered, . - i
including their mass, frequency, and levels at which GUP effects TABLEIL  Period of oscillation of (Ag)* and (Ap)* for several

become dominant, as given by Eq. (14). systems, as given by Eq. (35).
Type Ref.  m (Kg) w/2rz (Hz) n//o Fa Type Ref. m (Kg) /2 (Hz) T42|6% —¢|(s)
Optomechanical [16] 10-11 105 3 % 1040 Optomechanical ~ [16] 10~ 10° 161 x 10
system system
Bar detector [15] 1.1 x 10° 900 3 x 1o Bar detector [15] 1.1 x 10° 900 1.81 x 10%
AURIGA AURIGA
Mechanical [14] 33 x10~5 5.64x 103 2 x 1035 Mechanical [14] 33 x 107 5.64 x 10° 1.53 x 10°!
oscillators oscillators
77 %108 129 %105 3 x 103 77 %107 129 x10° 1.26 x 10°!
2x 1078 142 x10° 10%7 2x 1078 1.42x10° 3.99 x 10°!
2x 107" 747 x10°  2x 10% 2x 107" 747 x 10°  1.44 x 103
LIGO detector [27] 40 200 4 % 10°° LIGO detector [27] 40 200 1.00 x 1078

[14] M. Bawaj et al., Probing deformed commutators with macroscopic harmonic oscillators, Nat. Commun. 6, 7503 (2015).

[15] F. Marin et al., Gravitational bar detectors set limits to Planck-scale physics on macroscopic variables, Nat. Phys.9, 71 (2013).
[16] I. Pikovski et al Probing Planck-scale physics with quantumoptics, Nat. Phys. 8, 393 (2012).

[27] B. P. Abbott et al., Observation of gravitational waves from a binary black hole merger, Phys. Rev. Lett. 116, 061102 (2016).



Teopema ApHuwoy (Earnshaw)

Cuncrtema ToYEYHbIX 3apAanoB HE MOXET rnoaagep>XmBartbCA B COCTOAHNN
yCTOVIHMBOFO paBHOBECUA IJTEKTPOCTATUHECKUMMU TMNMOJTAMN.

N

Teopema BEPHa AJNA MarHUToOCTaTtukKn B Cltydae NoCTOAHHbIX ONMNOSieEN U TOKOB;
Teopema HenpmMmeHnmMma and HaBeaeHHbIX 3apAaAaoB B CUCTEMAX C
OTpI/ILI,aTeJ'IbHOIZ nondapmn3yemMocCTbio, AnaMarHeTUKOB 1 CBEPXNPOBOAHUKOB,
OHaKO BbIMNOMHAETCA A5 CUCTEM C NONMOXUTENbHOMN nonAaApn3yemMoCTblO.



INeButnpyrowan narywka Nemma

OTO nepBoe HabnoaeHne nesnTaumn
XMUBOro ob6beKTa 1 nepBoe HabngeHue
nesuTauUum Npu KOMHaTHOW TemMnepartype

MonekynsipHbIi MarHETU3M o4YeHb cnab, Kak npaBuUno B MUMSTMOH pas3
cnabee, yeM B dbeppomMarHeTukax, B pesynsrare ObITyeT MHEHME, YTO
Martepuarbl BOKPYr Hac Kak npaBusio HeMarHUTHbl. OgHaKo MarHUTHbIE
nong, HeobxogmMmble Anst HAbnaeHua nesuTaunmn, kak npasuno ~100 pas
bornblue, Yyem ang nesuTaunum CBEPXNPOBOAHNKOB.



O
Magnet levitation at your fingertips

stability functions (MB)
r 1 -1

o> 0 .
& ‘J Kh

R ;T_

Mevitating [
i ovli magnet
Bi cylinder - !

Figure 2 Levitation at your fingertips. A strong Nd-eB
magnet (14 tesla) levitates 2.6 metres below a pow-
erful superconducting magnet. The field at the levi-
tation point is about 500 Gauss.

TeopeMa 3pHUJOy, ﬂBnﬂI’OLL"aﬂCﬂ CneﬂCTBmeM ypaBHeHMﬁ Figure 1 A NdFeB magnet (an a||oy of neodymium_

iron and boron; 4 mm high and 4 mm in diameter)

MaKCBenna’ 3anpeu‘"aeT COCTOAHUE yCTOIZHMBOFO levitating at the axis of a vertical solenoid of radius
paBHOBECUA B MarHUTHOM Mone, Tak Kak Ans yCTOM4YMBOro =10 om and fengih =2 n & magnetc fied of 100

gauss. The levitation is stabilized by a bismuth cylin-

paBHOBECKSA HEOBXOAMM MaKCUMYM MOTEHLMAaNbHOM dor =~ 1510") i ver dacer D= .
QHEPInn. [lnamarHeTukn HapyLakoT 3Ty TeopeMYy, TaK KaK magnet. The righthand plot shows the stability func-
oTpULLaTENbHBIA 3HAK MarHUTHOWM BOCMPUUMYMBOCTU it sy Do
NnpMBOAUT K TpeBOBaHMNIO MUHMYMA, a8 HE MaKCUMyMa e e e een

tive AU/ emerges above the point where K,=0.

aMmnnunTyabl NOJiA.



MoHHble noBywku Paul’ n Penning’

Nosylika Paul’ npeacTtaBnseT ns cebs kBaapynornbHoe aneKkTpuyeckoe noen u
nepeMeHHoe none, ocLUMNNupytoLLiee Ha pagmMo4acToTe;

NosyLika Penning’ npeacrasnseTt u3 cebss oqHopoaHOe akcuanbHoe nose Ans
yaepXXaHusa paananbHOro ABMKEHUS 3apsiXKeHHOW YacTuLbl 1 KBagpynornbHoe
arneKTpuYeckoe rnorne Ana caep>KMBaHUSA NPOAONbHOrO ABMXEHUS.

[ns co3naHusa KBaapynonbHOro Nomns UCnonb3yeTcsl cuctema m3
NMHENHBIX U KOMbLIEBbLIX 9NEKTPOAO0B, MAEHTUYHbIX MO0 ABYX
rmnepbononaoB BpalleHust. Pe3ynsTupyoLmin noteHuman ato
akcuManbHO CUMMETPUYHbIN KBaApYyNOnbHbIA NOTEHLWan.

‘IJ'{] 3
3 yu — ’}"h
2a2

P =



YpaBHeHUs ansa noBywku Penning’

NosyLika Penning’ npeacrasnseTt u3 cebs oqHopoaHOe akcuanbHoe nore Anis
yaepXaHusa paaunanbHOro ABMKEHUS 3apsiXKeHHOW YacTuLbl U KBagpynornbHoe
arneKTpuYeckoe rnorne Ana caep>KMBaHUA NPOAONbHOrO ABMXEHUS.

N3HavanbHaa ngesa Penning trap (1930) nameHeHne noHmsaumm B NpUCYTCTBUN MarHUTHOIO Nnong
nepneHanKynapHoOro MOMeHTy 4YacTtuubl. OgHaKo B ero ycTaHoBKe He BbIf1o arneKkTpoaoB

nepneHanKynApHbIX MarHUTHOMY MOS0, N SNEKTPOH BblT orpaHnyeH (confinment) TofbKO B O4HOM
HanpasneHuun. Pierce fob: yNnApHbIe NoNsa U onucarsn noBeaeHne 3apsaKeHHON YacTulbl.

= —

FL. =qgv x B. o.— 1 p

m
U | .
D(z,r) = j(?; (Z’.E — ;}.2)

LA co3gaHnAa KBagpynosibHOro noJia UCnorsrb3dyeTcqa cucrema m3
NMVMHEWHBbIX U KOSbLEBbIX aANeKTpoaos, MOAEHTUYHbLIX MOS0 ABYX
rmnep6on0|/u:|,os BpaLleHn4d. nOBerHOCTb ANEKTPpoaoB MAEHTUYHA
3KBMMNOTEHLMANBHON NMOBEPXHOCTH.

mZ=qk, L

and

. - . - - UFdc -
,fu,f:r:q(Eﬁ—}— ) x B) , Eﬂ”:(gdz)p‘
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Peanunsauus

D. Leibfried, D. M. Meekhof, B. E. King, C. Monroe, W. M. Itano, and D. J. Wineland
Experimental Determination of the Motional Quantum State of a Trapped Atom
PRL, 77, 4281 (1996)

(b)

KorepeHTHOe cocTosiHNe



Co3paHue monekyrnbl 6e3 3reKTPoOHOB
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FIG. 1. Binding two same-sign charges with oscillating elec-
tric fields. (a) The 1D case requires a linearly polarized field:
(b) the 2D case requires a circularly polarized field: (¢) the 3D
case requires circularly and linearly polarized fields, with a
and b defining the laser-driven trajectory. Note that cycle-
averaged potential alone cannot bind in 3D.
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FIG. 2. Average potential UXM: (a) binding in 2D (a =
Jauw); (b) “weak” linear field b/a<ky, (b=2a.u.,
a = 8 a.u.)—the repulsion is along the z axis; (¢) ‘‘strong”
linear field b/a > k, (b = 8 a.u., a = 2 a.u.)—the repulsion is
in the radial direction; (d) for b/a = k, (b = 4.36 a.u., a =
2 a.u.) the potential is flat inside the cylinder.

O. Smirnova et al Phys. Rev. Lett. 243001 243001 (2003)
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