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Abstract

We propose an experiment on introducing a macroscopic object into the state of
"Schrodinger's cat" and obtaining information from both components through an
interfering beam.

Ever since the "Schrodinger's cat" [1] was invented, it was considered impossible
to test the hypothesis directly, that is, to simultaneously obtain information from
each of the states of the object. After all, having received a signal from one of the
states, we lose contact with the other. In 1986, Yurke and Stoler proposed a
scheme for an experiment that makes it possible to create and register a state like
"Schrodinger's cat". [2] The Yurke-Stoler state is an interfering photon interacting
with an anharmonic oscillator. In this way, an obstacle that previously seemed
insurmountable is successfully overcome: we can receive information from both
components of the composite state, because the interfering beam comes not from
any one of them, but from both, and information is transmitted not through the
presence or absence of a beam, but through interference. In this case, the
resonators and waveguides through which the beam passes are macroscopic objects
consisting of many atoms and electrons.

What prevents us from taking the last step towards reproducing the experiment
with "Schrodinger's cat" literally - placing a cat in a box, a video camera,
transmitting a video stream through beam interference and observing the cat's
behavior in two parallel branches of reality?

The setup might look something like the one shown in Fig. 1. The object under
study, located in a box isolated from the external environment, is transferred to a
quantum state depending on the random number generator. The object data is
transmitted to a phase converter, which does not delay the light passing through it,
but only shifts the phase of the light beam by 1/4 wavelength forward or backward.



The light source and receiver are outside the box.
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If the phase converter can be in the "Schrddinger's cat" state, and if two of its states
shift the phase in opposite directions, then as a result of interference, an external
observer will receive a zero flux of light at the output. If the phase shifts are of the
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Figure 1. Experimental setup.
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same sign, then the light will pass through the converter unhindered.

By combining the phase shift directions, we can transmit any information about
each of the states of the object under study to the outside world. In order to
transmit 1 bit of information about each of the two states, two parallel channels are

sufficient, consisting of a source, a converter and a sensor (Table 1).

Table 1.

transmitted channel 1 channel 2

value state 1 state 2 state 1 state 2
0 — A4 + A4 + A4 — M4
1 + A4 + A4 + M4 + A4

In any of the four possible variants of the transmitted data, when summing the




phase shifts over the channels, channel 1 will contain a bit from the first state, and
channel 2 from the second.

An observer outside the box cannot in any way determine from which of the states
he received a signal, so the collapse of the wave function does not occur.

This differs from the Yorkey-Stoler experiment in that there the random number
generator, the object under study and the phase converter are combined in one
device. Instead of a phase converter driven by a random number generator, we
have a random converter that has a 50% chance of shifting or not shifting the
phase.

Why should this stop working when the described intermediates are introduced?

It is believed that as a result of the interaction of an object like "Schrédinger's cat"
with the outside world, decoherence occurs. [3] That is, the two components of the
composite state cease to be coherent to each other. But we don't need them to be
coherent. It is sufficient that the beam components coming out of the phase
converter be coherent. And this is ensured by the design of the phase converter and
the large length of the light wave.

Composite states such as "Schrodinger's cat" are considered "fragile”, in
accordance with the principle of "quantum Darwinism" [4] they quickly disappear
for the observer, since information carriers often come from pointer states, that is,
individual components. But our information carriers are not random, but are
specially made in such a way that they bring information about the composite state.

Nevertheless, the element of chance in the transfer of information cannot be
completely excluded. Our information carriers - photons sometimes scatter. And it
may happen that on the way between the phase converter and the sensor, not both
components of the photon are scattered, but only one of them. This will be
equivalent to opening the box, since we received a signal from one of the
components. Thus, we will be able to transmit on average n = 1/D photons, where
D is the probability of a photon being scattered between the transducer and the
sensor.
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JloJIro J1m MBI CMOKeM HaOJIr0A4aTh 3a "KOTOM
[IIpenuurepa"?
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AHHOTAIMA

B cmamve npednacaemcs 3kcnepumenm no B88e0eHUI0 MAKPOCKONUYECKO20
obwvexma 6 cocmosinue "koma Lllpeouneepa” u nonyuenuro ungpopmayuu om ooeux
KOMNOHEHmM uepe3 unmepgepupyrowuts .

C tex mop kak "kot lIpeaunrepa" [1] ObLT mpUaAyMaH, CYMTAIOCH HEBO3MOYKHBIM
IIPOBEPUTH THIIOTE3Y HEMOCPEACTBEHHO, TO €CTh OJHOBPEMEHHO IOJY4YUTh
MH(GOPMALIMIO OT KaXIOT0 M3 COCTOSHUM oObekTa. Benp momyunB curHaig ot
OJHOTO M3 COCTOSIHMi, MBI TepsieM CBsi3b ¢ ApyruM. B 1986 roxy Mopkm u
CronepoM Oblla MpeIOKEHA CXEMa AKCIIEPUMEHTA, MO3BOJISIIOUIETO CO3/AaTh U
3aperucTpUpoBaTh cocTosHue THa "korta IIpexunrepa”. [2] Cocrostane Mopku -
Cronepa npeacrapisieT coboil natepdepupyromuii (GOToH, B3aUMOICHCTBYIOITUN



C AHTAPMOHUYECKUM OCLHILIATOPOM. TakuM crocoOoM yCIEmHO MpeoI0IeBaeTCs
MPENATCTBUE, Ka3aBIIEeCsd paHEe HENpPeoJOJUMbIM: Mbl MOXKEM TMOJIYYUTh
uHpoOpMAIIMI0O OT O00E€HX KOMIIOHEHT COCTABHOTO COCTOSIHMSI, IOTOMY YTO
UHTEPPEPUPYIOUTUH JIyd MPUXOJUT HE OT KAKOW-TO OJHOM M3 HUX, a OT 00eux, u
uHbopMaIusl TepelaeTcsl He uYepe3 Halu4yue WIM OTCYTCTBHE Jyda, a uepes
uHTepdepenuuto. [Ipu 3ToM pe3oHaTOpbl U BOJIHOBOBI, Y€PE3 KOTOPHIE MPOXOIUT
Jyd - MAaKPOCKOIHUYECKUE OOBEKTHI, COCTOSIIIME U3 MHOXKECTBa aTOMOB H
AJIIEKTPOHOB.

UYro ke MemaeT HaM cJenaTh MOCIASAHUN mIar K TOMY, YTOOBI BOCIPOU3BECTH
skcniepuMeHT ¢ "kortom Ilpeaunrepa" OykBajdbHO - MOMECTUTHh B SIIUK KOTAa,
BUJCOKaMepy, IMepeJaBaTh IIOTOK BHUAECO YEpe3 HUHTEpPPEpEeHUUI0 Jydya U
HaOJII0JaTh 3@ MOBEJICHUEM KOTa B JIBYX NapaJuIeIbHBIX BETBAX PEAIbHOCTH?

YcraHOBKa MOXET BBITJISECTh INPUMEPHO TaK, Kak I[OKa3aHo Ha pwuc. 1.
UccnenyeMbiii 00bEKT, HAXOIAIIUKUCS B SIIUKE, W30JUPOBAHHOM OT BHEIIHEH
Cpellbl, MEPEBOAUTCS B KBAHTOBOE COCTOSIHHE B 3aBUCHMOCTH OT TI€HEparopa
cy4dalHbIX yuces. JlaHHble 00BbeKTa mepenaroTes Ha (a3oBbId MpeoOpa3oBaTelb,
KOTOPBIM HE 3a7ep>KMBaeT MPOXOAAIINN yepe3 HEero CBET, a TOJIbKO CABUTAET (azy
CBETOBOIO Jiy4ya Ha 1/4 nauHbBI BOJHBI Bepea Wid Haszaid. VICTOUHHMK W IPUEMHHK
CBETa HaXOJITCs BHE SIIHMKA.
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Pucynok 1. Cxema ycTaHOBKH.

Eciu ¢a3oBelii npeoOpazoBaTelb MOKET HAaXOIUTbCS B COCTOSHUM "KOTa
[penuarepa" u ecnu ABa €ro COCTOSHHS Oynyt casurath ¢dazy B
MIPOTHUBOIIOJIOKHBIX HANpaBICHUSIX, TO B pe3yJibTaTe MHTEPPEPEHIIMH BHEIIHUN
Ha0IroAaTeNb MOJYYUT Ha BBIXOJE HYJIEeBOM NMOTOK cBeta. Ecnu casuru a3 Oyayt
OJIHOTO 3HaKa, TO CBET NMPOUJIET Yepe3 IpeoOpa3oBaTesb OECIPENITCTBEHHO.

KomOuHupyst HanpaBieHus casura ¢a3bl, Ml MOXKEM TIEpeIaTh BO BHEITHUN MU
M00yI0 HH(POPMALIMIO O KaXKJIOM U3 COCTOSIHUM UcciaeyeMoro oonekra. st Toro,
4yTOOBI TIepenath 1 Out uHbOpMAIMKM O KaXIOM U3 JIByX COCTOSIHHM JOCTaTOYHO
JBYX TapaJlIebHBIX KaHAJIOB, COCTOSIIMX W3 HCTOYHWKA, MpeoOpa3oBaTeis
natuuka (tTabmuua 1).

Taomuma 1.

nepenaBaemoe | kaHan | KaHam 2

3Ha4YeHHE coctosguue 1 | cocrostHue 2 | coctossHue 1 | cocTtostHue 2
0 - M4 + M4 + M4 — M4

1 + A4 + A4 + A4 + A4




B m060M #3 yeThipeXx BO3MOXKHBIX BapHUAaHTOB IIE€PEIAaBAEMBbIX JAHHBIX TIpU
CYMMHUPOBAHHH CABHUIOB (pa3 mo KaHajgaMm B KaHayie 1 okakeTcsi OUT OT MepBOTO
COCTOSIHUS, a B KaHaJie 2 — OT BTOPOTIO.

Ha6J'IIOI[aT€J'II> BHC JAIIHMKAa HUKAK HC MOKCT OIIPCACIIMTL OT KAKOI'0 M3 COCTOSIHUU
OH ITOJYYHJI CUTHAJI, IIO3TOMY CXJIOIIBIBAHUA BOJIHOBOM Q)YHKHI/II/I HC ITPOHUCXOHUT.

Ot skcnepuMenTta Mopkn - CTonepa 3TO OTIMYAETCS TEM, YTO TaM TeHepaTop
CIIy9alilHbIX 4YHCEeJ, MCCIEeAYyMbIi 00beKT U (a3oBbId mpeoOpa3oBaTelb
o0OBEIMHEHB B OJHOM YCTpoHcTBe. Bwmecto (¢aszoBoro mpeobOpa3oBaTens,
VOPABISIEMOTO TEHEPATOPOM  CIAyYalHBIX YHCEN, MBI HMEEM CIIy4aitHO
cpabaThIBaroIMil MpeoOpa3oBaTesib, KOTOPBIN ¢ BeposTHOCTHIO 50% cIBUTAET UK
HE CIIBUTAeT (a3y.

[louemy »5TO JAOKHO TMepecTtaTh padoOTaTh MpPU BBEIACHHHM  OIKCAHHBIX
MIPOMEKYTOUHBIX 3BEHBEBR?

Cuuraercs, 4yTo B pe3yJibTaTe B3auMoieicTBUs o0bekTa Trmna "kota [llpenunrepa"
C BHEIIHUM MHPOM MPOUCXOAMT JekorepeHius. [3] To ecTh JABE KOMIIOHCHTHI
COCTaBHOTO COCTOSIHUSA IMEPECTAIOT OBITh KOTEPEHThIMU JpYT Apyry. Ho Ham u He
HY’)KHO, 4YTOObl OHU ObUIM KorepeHThIMU. JlocTaToyHO, YTOOBI  OBLIU
KOT€PEHTHBIMU KOMIIOHEHTHI JTy4a, BRIXOsIIKE U3 ¢a3oBoro npeodpazonarens. A
ATO 00ECTICYMBACTCS 32 CYET KOHCTPYKIMH (Pa30BOTo Mpeodpa3zoBaTess U OOIBIION
JUTHHBI CBETOBOM BOJIHBI.

CocraBubie coctossHua tuna '"kora Ilpenunrepa" cuurtarorcs "Xpynkumu', B
COOTBETCTBHUH C MPUHIIUIIOM "KBAaHTOBOTO JapBUHU3MA" [4] OHM OBICTPO MCUE3arOT
IUIsl  HaOJroJaTensl, MOCKOJAbKY HOCHUTENM HWH(POPMALMM Yalle MNPUXOIAT OT
COCTOSIHUM-yKa3aTeJel, TO €CThb OTAEIbHBIX KOMHIOHEHT. Ho y Hac Hocutenu
MHpOpPMAIIMU HE CIyyallHbl, a CHEIUAIbHO CIeJIaHbl TAaKUMH, YTOOBI MPUHOCHIIN
MH(POPMAIMIO UMEHHO O COCTAaBHOM COCTOSIHUU.

Bce ke sneMeHT ciy4alHOCTH B MEpeHoce HMH(OpPMalMMU HeNlb3s MOJHOCTHIO
UCKITIounTh. Hamm Hocutenu uHdopmaiuu - GOoTOHBl MHOTAa paccenBaroTcs. U
MOXXET CIYYMTbCS TaK, YTO Ha IMyTH MEXAy (a30BbIM mpeoOpazoBaTeieM U
JaTYNKOM PaACCEIOTCSl He 00€ KOMIOHEHTHI ()OTOHA, @ TOJBKO OJHA W3 HUX. DTO
OyIeT paBHOCHUIIBHO OTKPBITHIO SIIIMKA, MOCKOJIbKY MBI MOJYYWJIIM CHUTHAl OT
OJTHOW M3 KOMITIOHEHT. TakuMm 00pa3oM, Mbl CMOXEM Tepeaath B cpeadHem N = 1/D
¢oroHOB, T11e D - BeposTHOCTH paccessHusl (POTOHA MEXIy IpeoOpa3oBaTeieM U
JATYUKOM.
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