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' KBaHTOBbLIE aTTpaKTOpPLI ‘u NIOBAUEBCKOFO

Floguet states

* KoOHcepBaTUBHbIE CUCTEMDI:
Cob6CcTBEHHbIE YMCNA U COCTOAHUA
raMun/IbTOHMAHA

 [lnccMnatuBHbIE CUCTEMDI:
HeTpuBManbHbie yCTONYUBDIE
COCTOAHUA KBAHTOBbIX CUCTEM,
B3aMMOAENCTBYIOLLUX C OKPYKAOLWEN
cpeaou




' YHUBEPCUTET
' OTKprTbIe KBaHTOBbIE CUCTEMDI u JIOBAYEBCKOIO

YpaBHeHue JiInHabnaga Ansa matpuubl NIOTHOCTU:

b = Le(p) =|-i[H (D), o] +.

AUWdrOHaibHbIE INEMEHTbI Pun KOTOPOWA COOTBETCTBYIOT BEPOATHOCTU HAWTU CUCTEMY B
-OM COCTOAHUK

H(t) — ramunbTOHMaH CUCTEMbl, OTBEYAIOWMIA 38 YHUTAPHYIO 3BONIOUMIO
Auccunaymn;

S
1
D(p) = ) ¥ie(® (VkaJ ~ = (Vi p}) Vieh, .5
k=1

Cuctema NvHeliHBIX AnddepeHumanbHeIx ypaBHeHui ¢ N2 $hasoBbix nepeMeHHBIX

P11 P12z ' PN
N p21 Pzz pZN =(P11 Pz " PN ' PNN)
\ )
POn1 Pwnz 't PN Y
N Y, N2
e
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[1] H. P. Breuer and F. Petruccione, The Theory of Open Quantum Systems (2002)
[2] R. Alicki and K. Lendi, Lecture Notes in Physics Vol. 286(Springer, Berlin, 1987).



HHRArOPOACKWA FOCYAAPC REHHBIF ¥

' YHUBEPCUTET
' OTKprTbIe KBaHTOBbIE CUCTEMDI u HOBAHEBCKOFO

AnHamuKa B «npusBblYHOM» pa30BOM NPOCTPaAHCTBE

[Mpeobpa3oBaHune ypaBHeHUA JIMHAONAAA K MAaTPUYHOW popme nyTem
nepexoAa B NOJIHbIN OPTOHOPMUPOBAHHLIV 6a3uc matpuy, {F,}, k=1,...,N*-1 ana
npocTpaHcTBa a3pmunToBbIX matpuu, N x N (rpynna SU(N), “o606LieHHbie
maTpuubl fenn-ManHa”, R. Alicki, K. Lendi, 1987)

F0:]l Tr(Fk)_O Fk— F]L Tr(F;Fk):(g]k, V/,k.

PasnoxeHune B 6asuce NZ—1
Q= Z Uk - Fi, {vn=Tr(o- Fk)} €R,
k=0
OY ona nencrTenteNlbHO3HaYHbIX pa30BbIX NepeMeHHbIX v=G({t)v+ K

* EQAMHCTBEHHOE YCTOVIHMBOG CoOCToAHUNE paBHOBeCNA ANA aBTOHOMHOM
cncrtemol

* EQMHCTBEHHAA yCTOMYMBaAA Nepmuoanyeckan TpaekTopua AN Nepuoamyecku
MOAYNNPOBAHHOM cuctembl, &t)=&t+T)
e TpuBMaNbHAA AUHAMUKA?



o ' YHUBEPCUTET
' KsaHTOBbIM AUMeEp u JIOBAUYEBCKOIO

[AMUNBTOHUAH:

U
H(t) = J(b] b, + blb,) + ijz ni(ny — 1) + (E + &(t)) (nz — ny)

* Ny —4YUCA0 HACTUL B KAMA0MN AYENKE,
ny +n, = N = const

. b{z W by, —ONepaTopbl POMAEHUA U
YHUMTOMEHUA YaCTUL, Ha KaXaoMm CaidTe

* J = KoaddUuMeHT TYHeNIMPOBAHUA

*» U —cuna B3aMMoaeicTBUA Mexay
YacTULaMK

» [E — pasHOCTb 3HEPrMii memxay
NOTeHUMaNbHBLIMW AMaMK

e g(t) — mogynauma cuctemel,
3aBMUCALLAA OT BPEMEHM




S
1
D(p) = Z yr(0) | ViepVid - E{Vk+VkJP}
k=1

* JPMHTOBLI JUCCHNIATOPLL V), = bkb;

TpuBHAJBHBIY BUJ aCUMIITOTUYECKOH
MaTPHIIbI IIJIOTHOCTH: O = I/N

© Vi = (b + b)) (bx — bs1)

YHUBEPCUTET
NOBAYEBCKOIo

HURArOPOACKWA FOCYAAPC™RERHBIF YHAREPCHTET

a. <ij> a

FIG. 1: Driven Dissipative Condensate: (a) A lattice gas a
is immersed in a condensate b, which acts on the links (i, j)
(crosses) of neighboring lattice sites ¢ and j in the form a dis-
sipative current. (b) Schematic realization of the effective dis-
sipativ process in an optical super-lattice, which provides for
excited states gapped by € and localized on the links of neigh-
boring lattice sites (i7): A Raman laser couples the ground-
and excited bands with effective Rabi-frequency €2 and de-
tuning A = w — ¢ from the inter-band transition. The spatial
modulation of the Raman-laser yields in a position dependent
coupling, which excites only the anti-symetric component of
atoms sitting on neighboring lattice sites ¢ and j into the up-
per band. The inter-band decay with a rate I' back to their
lower band is obtain via the emission of phonons into the
surrounding BEC.

[1] S.Diehl, et al., Nat. Phys. (2008);
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HenuHeliHble ypaBHeHUA B u YHUBEPCUTET
NpubAUIKEeHUU cpeaHero nons fiobAHEBCKOTO

HHRArOPOACKMA FOCYAAPC REHHBIF

«CnnHoBbIe» onepaTopsl

Sy = oh (bfbs 16561 ), S, = —5 (blbs — by ), S, = & (4 — o)

y : N
Mpesen 6eckoHeuHoM cucTembl 1 84, S,] = iS. /N =0
nepexoz oT 0NepaTopoB K UX

OXKMZaemMblm <Sk> — tl"[QSk]

MpeHebperaem cnaraembimun O(1/N)

Sz
ddt = 2¢(t)S, — 2US.S, + 87 (S2 + 52),
S
dd_f = —2e(t)Sy +2US.S, +2JS, — 8V Sz Sy,
d.S,
= —2JS, — 8vS5,5.,
dt v~ =Y
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HenuHeliHble ypaBHeHUA B u YHUBEPCUTET
NpubAUIKEeHUU cpeaHero nons NIoBAYEBCKOrO

* toroBaa cucrema:

Y

9 = 2 sin(@) + 4ycos(p) cos(B)

cos(J) sin(¢)
Sin(d) cos(@) —2(E +&(t)) + Ucos(F) — 4y Sin(d)

¢ =2J

* Yuycno vactuu;:

n, = (cos(i) + 1) N

‘nz=N—‘n1
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BudypKaumnoHHble agnarpammol. YHUBEPCMUTET
CooTtBercrBue NOBAYEBCKOINO
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[1] Hartmann Michael, et al. "Asymptotic Floquet states of open quantum systems: the role of
interaction." New Journal of Physics19.8 (2017): 083011.
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Physik 529.8 (2017).
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ABSTRACT

Quantum systems, when interacting with their environments, may exhibit nonequilibrium states that are tempting to be interpreted as quantum
analogs of chaotic attractors. However, different from the Hamiltonian case, the toolbox for quantifying dissipative quantum chaos remains
limited. In particular, quantum generalizations of Lyapunov exponents, the main quantifiers of classical chaos, are established only within the
framework of continuous measurements. We propose an alternative generalization based on the unraveling of quantum master equation into
an ensemble of “quantum trajectories,” by using the so-called Monte Carlo wave-function method. We illustrate the idea with a periodically
modulated open quantum dimer and demonstrate that the transition to quantum chaos matches the period-doubling route to chaos in the
corresponding mean-field system.

Published under license by AIP Publishing. https://doi.org/10.1063/1.5094324




' YHUBEPCUTET
' KBaHTOBbIE TPAaeKTOpPMM (KBAHTOBbIE CKaUYKM) u IOBAUEBCKOIO

CamnaunHr peweHnin 3pPeKTMBHOro
ypaBHeHua WpeauHrepa

YpaBHeHue JinHabnapa

K ~ i K ;
6 = L) = —ilH®.01 + Y m() - Di(e). A = HO) =3 ) ViV

k=1
k=1

1 and then proceed along the following path of instructions [36]:
Do) = Vo V; ) { ka Vi,0}. (1) initiate the trajectory in a pure state |y ™!);
(2) draw arandom number  which is uniformly distributed
on the unit interval;
(3) propagate the quantum state |y(¢)) in time using the
effective Hamiltonian H (¢);

* YucneHHoe MHTerpupoBaHme (4) the squared norm |||(1)}[|* decays monotonically.
When the equality n = ||| (¢))||? is reached, stop the propaga-

* OTbICKaHMe HY/1IeBOro CyrnepBeKTopa tion and normalize the state vector, |y (1)) —> [y (@) /[ ()
(5) perform a quantum jump: select the jump operator Dy
with probability pi = yi| Dl ()II*/ Yy vl Dil (@)1
and apply the transformation |y (1)) — Dg |y (1)) /|| De| ¥ () |5
[1] R. Dum, et al,, Phys. Rev. A 46, 4382 (1992) (6) repeat steps 2—5 until the desired time ¢,, is reached.

[2] M. B. Plenio and P. L. Knight, Rev. Mod. Phys. 70, 101 (1998)

[3] Benettin, et al, Phys. Rev. A 14:2338-2344 (1976) Q(tp; Mr) — MLF Z?‘f:rl M{/j (tp) <1ﬁj (tp)|
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Npesa: oueHKa pasberaHna 6A1n3KMX KBAHTOBbIX TPAEKTOPUN

§=Hy— _VIVy

[1] R. Dum, et al,, Phys. Rev. A 46,4382 (1992)
[2] M. B. Plenio and P. L. Knight, Rev. Mod. Phys. 70, 101 (1998)
[3] Benettin, et al, Phys. Rev. A 14:2338-2344 (1976)
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YHUBEPCWUTET
' KBaHTOBbIe TpaeKTOpUMn ‘u JIOBAUYEBCKOIO

> (wW(t)[blbi (L)

k

2| =

0 0.5 1 1.5



o - ' YHUBEPCUTET
' KBaHTOBbIU NANYHOBCKUUN NOKa3aTe/ib u NIOBAUYEBCKOIoO

CxognmocTb

08.12.2022 KBAHTOBbIW XAOC: HEJIMHEMHAA IMHEMHOCTb




YHUBEPCUTET
NOBAYEBCKOIo

' OpHonapameTpuyeckas 3aBUCMMOCTb
1 ——

o 110

10.8 0.8
10.6 0.6
I
0.4 0.4
02 0.2
0 0.4

—N=100
——N=200

N=300

~ ~< 0.2 " —n=400
05 w w w o "
01 02 03 04 05 06 0.7 01 02 03 04 05 06 0.7
U U
HennHenHble YpaBHEHUA N =100 KBaHTOBaA Mmoadennb

J:
E =
A=15

y =0.1



- ' YHUBEPCUTET
' JlanyHOBCKMU NoOKasaTtenb u IOBAUEBCKOIO

2

1.5 8

05

0 0.5 1 1.5 2 0.5 1 1.5 2
U U

HenunHelHble ypaBHEHUS KBaHTOBas moaenb



NMpobnema HabnoageHMAa gUCCUNATUBHOIO u YHUBEPCUTET
KBaHTOBOrO Xaoca NOBAuERCKI®

Chaos ARTICLE scitation.org/journal/cha

Photon waiting-time distributions: A keyhole into
dissipative quantum chaos

Cite as: Chaos 30, 023107 (2020); doi: 10.1063/1.5127936 T
Submitted: 14 September 2019 - Accepted: 14 January 2020 - @3 U @
Pu b”shed Online: 3 February 2020 View Online Export Citation CrossMark

. I. Yusipov,' O. S. Vershinina,' S. V. Denisov,”* and M. V. lvanchenko'*-*




' T —— |u YHMBEPCUTET

0= L(0) = —ilH, 0| +D(0)

1 e ~ - Fa 5
H(t) = 5)@172&2 +iF(t)(a" — a)
KeppoBcKaa HeAMHEUHOCTb Mepuopunueckas moaynaums

1 A
D(Q) — VQVT — E{VTV’ Q}g V = \/,T)/& Aauccmnauma -

u3ny4yeHue pe3oHaTopa
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il

' Mogaenb OTKPbLITOro pe3oHaTopa

Habniopgaemasn ana onepatopa YHUUTOXKEHUA

a

§(t) = (¥'()

P(t))

A
o
o
oo
-
<=

HennHelHble ypaBHeHUA " 0 1 2.8 4
= =57+ F(t) —ix|el*¢

~ 0.05¢} /\v/‘/
0

-0.05
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JKCNepuMeHTaNIbHO Habaogaemble u YHUBEPCUTET
XapPaKTepUCTUKu TIOBAIERCKOTO

e KBaHTOBbIN NANYHOBCKMIN NOKA3aTeb — TEOPETUYECKUIA UHCTPYMEHT

* B puM3nYECKOM IKCNEPUMEHTE MOMKHO AETEeKTUPOBATb U3/TyYeHune
OTAeNbHbIX GOTOHOB PEe30HaTOPOM

e KakK KBaHTOBbIN XaoC BAUAET Ha CTaTUCTUKY UHTEPBAJIOB MeXKay

nsnyyeHnem ¢oToHoB?

KBaHTOBbIE CKAQUKM

b =Hp— VIV b (t) | =
v VY

leb(tr—1)|| =1
d

U3nyuyeHmne poToHa

Tk = U — lk—1




JKCNepuMeHTaNIbHO Habaogaemble u YHUBEPCUTET
XapaKTepPUCTUKM NORRUEECSKOI®

Pacnpe,a,eneHme UHTEPBA/ZI0B MeXdYy KBAaHTOBbIMN CKa4KaMU

t

Ll = @l = ol =ew |~ [ n@a|, <<y

tp—1

b PeKTUBHAA Anccunauma HOPMb

tr
Sk = Tl n(t)dt', |[V(tr)|| = exp[—sTk].
k
tre—1

NMyaccoHoOBCKOe pacnpeaeneHne Ana perynapHom AMHAMUKM

sp = const —> T =—1In(ng)/s = |W.(7) = exp(—sT)/s
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JKCNnepuMeHTaNIbHO HaGI'IIO,anMbIe u YHUBEPCMUTET
XapPaKTEPUCTUKHN 'HOHEA HEBCKOFO

LLiInpoKoe pacnpeneneHue

oo

W.(r) = /se_TSWS(s)ds

eYeo)
N RO

(b)



CTaTUCTUKA KBAHTOBOroO u YHUBEPCMUTET
ANCCUNATUBHOIO Xaoca fiobAHEBCKOTO

[yaccoHOBCKOe pacnpeneneHune — « perynapHan» KBaHToBaa AMHaMMKa

CteneHHOM MHTEpPBaA/1 — «XaOTU4YeCKaA» KBAHTOBAA ANHAMMUKA

(b)
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KBaHTOBbIN ANCCMNATUBHDbIU XaoC B u YHUBEPCUTET
KYOUTHbIX cuctemax TlobAtEBCKoro

Chaotic spin-photonic quantum states in an open periodically
modulated cavity

Chaos 31, 013112 (2021); https://doi.org/10.1063/5.0030260

D 1. 1. Yusipov'%?) @ s. v. Denisov?3, and M. V. Ivanchenko'*

H(t) = Hy+ Hpp (1) HHip,

0
HS - EJZ’

|
Hyp(t) = ExaTaTaa—l—iF(t) (aT —a),

‘ Hint —

b | Ogf

(a'J_+J.a). ‘




KBaHTOBbIVM AUCCUMNATUBHDbIN XaoC U

OCLUUNNATOPHAA CMEPTb B KYOUTHbIX u YHUBEPCUTET
JIOBAYEBCKOrO
CMCTemax RAMDPDACKS BCYAAPCTREHHBIF ¥

Cnabas Bbluncnaembie Be/INYUHDI
MOAYNALNA (1) = ('lf (t)|aly(z))
A=0.5 v(t) = (W' (1) (1)),
n(t) = (¥ (O)1L|w()).
g=1.0
CunbHas ’
mMmoaynaums A=0.5 ~ o HV‘ f\' 1» ‘

A=3.0




MHoOro4yactMyHaa 10Kann3auma u

w YHUBEPCUTET
KBaAaHTOBbIN Xa0C NOBAYEBCKOIo

HURArOPOACKWA FOCYAAPC™RERHBIF YHAREPCHTET

AHOEepCcoHOBCKaA 04HOYaCTUYHaA MOAEe/b:

—i= g — Yro1 — Piua

w w
E[Eﬂ[—__

Localized wavefunction

=l =l
$a
24(4 — 12)

[1]* o< exp( )
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MHoOro4yactMyHaa 10Kann3auma u

KBAHTOBbIN XaocC

K
. ) 1
p =|—ilH,p] 1+ Z y | VipVid — E{VJV;“ p}
k=1

N
MHoro4acTH4Has CHCTeMa Cc— I-IHII!:"['I»IIJ.HI'«'![I'I Ha p-EL[IETKE pasMmepomMm N:

H= Z hnb+b + Z b? bn+1bn+1 Z (b*bn+1 + bn+1b )

n—l ,
h
%/—/ YT '
Cny4aiHble BzauMogeicTBHe [lepeMelieHHe
MmoTeHOHANIBI HacTHII HacTHI

MHoroyactTiyHaa nokanusauma npu h > hyp, =~ 3.6 [1]

Tt

Vie = (bk + bk+1) (bye = bi+1)
BeefieHbl B KOHTEKCTe AUCCUMNATUBHOW WHMeHepuu [2,3]
MMmeloT pUsnyeckyro peanusaumio [4]

[1] A. Pal, et. al., Physical Review B, 2010, Vol. 82, no. 17., P. 174411.

[2] D. Diehl, et. al., Mature Physics, 2008, Vol. 4, no. 11., P. 878—8R3.

[3] C.-E. Bardyn, et. al., New Journal of Physics, 2013, Vol. 15, no. 8, P. 085001.
[4] D. Marcos, et. al., Mew Journal of Physics, 2012, Wol. 14, no. 5, P. 0550065.
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{Ak}h=1 — cobcTBEHHBIE YUnCNa NMHABNAaANaHa

ANV — 6runxaiiwee cocepHee c.u.
ANNN — Banaiiwee k 6anxaiiwemy coceaHee c.u.
A — Ak
Zk = JNNN

0.6

0.4

0.2
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