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ABSTRACT

ABSTRACT

Non-Hermitian quantum mechanics is an important extension of
quantum mechanics to study the property of the microscopic system affeced

by environment. In the past decades it has developed rapidly, of which
the progress of parity- and time-reversal (P7) symmetry is the most
noticeable. Thus the significant discoveries in theory and experiment
attract many researchers' attention.

We investigate the dynamics of PT symmetric two-energy-level atoms
in the presence of two optical and a radio-frequency (rf) fields. The strength
and relative phase of fields can drive the system from unbroken to broken PT

symmetric regions. Compared with the Hermitian model, Rabi-type

oscillation is still observed, and the oscillation period and frequency are also

adjusted by the strength and relative phase in the region of unbroken PT

symmetry. At exception point (EP), the oscillation breaks down. To better
understand the underlying properties we study the effective Bloch dynamics
and find the symmetry breaks when the z components of the fixed points

are not zero and the projection in x—y plane can be controlled with high

flexibility compared with the standard two-level system with P7T symmetry.

These are help to study the potential character of the system with PT
symmetry.

We investigate the dynamical properties for non-Hermitian triple-well
system with a loss in the middle well. When chemical potentials in two end
wells are uniform and nonlinear interactions are neglected, there always

exists a dark state, whose eigenenergy becomes zero, and the projections onto

viI



The dynamics of non-Hermitian two- or three-state systems

which do not change over time and the loss factor. The increasing of loss
factor only makes the damping form from the oscillating decay to
over-damping decay. However, when the nonlinear interaction is introduced,
even interactions in the two end wells are also uniform, the projection of the
dark state will be obviously diminished. Simultaneously the increasing of
loss factor will also aggravate the loss. In this process the interaction in the
middle well plays no role. When two chemical potentials or interactions in
two end wells are not uniform all disappear with time. In addition, when we
extend the triple-well system to a general (2n+1)-well, the loss is reduced
greatly by the factor 1/2n in the absence of the nonlinear interaction. This
can be used to improve the fidelity of signals when propagating in some

media, which has important guiding significance for the practical application.

Key words: Non-Hermitian; P7T symmetry; Dynamics; Broken;Dark State;

Bloch Mode
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ke 1.6 i, PIROE AR T 1) —|2) F1|3) > [2) Z MR . e, A
g, (o =1,2) J&f 26 i 75 1 00 SR 0% AR I o, 2 R IR BR%, &, (TR
Z BT SRR . B (2,0) RUEL) (z.) 43 52 % 6 8 10 IE SRR GRS 43
EC (=, t)—%eaga exp[ +i(k,z—,1)] (1. 1)
AEGET A, R
E, =ez,cos(k,z,—mt)=E)(z,.t)+E}(z,.1) (1.15)
Hrbe, v e,+ k, Mo, 70 BB K k7 m AR R IR PR FIHUR
RSN (1L 14) KPER. Ll ~, Bl =% i a 5
H
H, =§—m—ha)m|1><1|—hw02|3><3| (1.16)
BT DA R 2 |2) R ARG Braopen Y BUE |2 FI(L) o [3) 2 IO RE RS . 7EREBEE DL
N IR 2 TR AR AT A
H, =—-d".EY —a").EY (1.17)
Hor, B E WA o) D IE U G5 S )

Y= Z Ef)(z,t)+ES)(zﬂ,t) (1. 18)

[F] I AR A 4 d 20 i A 1E D e o0 e (72 ]

d=d" +d"
~(1|d|2)c, +(3|d|2) 0, +(1]d|3) o,
+(2|d|1) o] +(2|d|3) 5] +(3|d|1) o}

FEIX B M I 205 o o b BCIR S AT IR e #e 70 B, 3R = AT 2 TR o o
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LW R of =[2)(]. o] =|2)(3
Mo =[3)(1] .« HOW BT AT AF PRI 35046 g

H, =-hgo, exp[—i(klz—a)lt)]—hG% exp[—i(kzz—a)zt):l : )
1. 19
_ hQ'O'3 eXp[—i(kﬂZﬂ — a)’ut)] +h.c.

ﬁﬁmmﬁ$W%Xﬁﬁﬂmw%’G;MM@éu&

0= Sl 302 s i e R S S I B

B I i) 22 £ )
H'=H,+H, (1.20)
RTINS, BAMG LA, W X EH AN
U (1) = exp(imt|1) (1| +im,t|3)(3]) (1.21)
FEULTE AR, A7 200 W

dU" (1)
dt

H=in

U(t)+U"(1)H'U(¢) (1.22)
Horp el 55— 0, RATFH A ALE KRR
e‘fABe5’4=B+§[A,B]+9;[A,[A,B]]+--- (1.23)
FATRILIUAS SR 25 73 ) 7
Ut (1oU () =0e™,  U'(t)olU(t)=ole™
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WHE Z BS54 (L2 ARHIR, BATTn] LA 2 AN AN 5 I [R5 5 o

p2
H=o—+ha, [1)(1|+ 74, |3) (3]
_hg(o.le—iklz + O_l’reiklz ) _ hG(O_ze—ikzz + o_l‘reikzz)
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W 1.6 BT, Tl R RO SR T AR A ) KA S, BIA, = 0, - 0,
T, = 0, oy, (Fo 0, — 0, = 0y — 00, = 0, FFHOCH B 0B MR,
W T AR, RN 2 J7 1, TOARHIRL S X b o=k ,z, . AT = RESUE T
5 B 10 B LA PR 00 0 20 T L

p2
H =+ [1)(1]+ 14, [3) 3] (1.24)

—hg(O'l +0'1T)—hG(O'2+0'1T)—hQ'(0'3e’i¢+0';ei“’)
XAERH H. Guo 55 AWFFTHI MG B —FE[73], AN Z Ab 2 A AT A I 4 55137
B 1) F1[3) BEAE A AE T — i B ROk, FRAIN A e 7 sb B il B KR A

VAT BN R P BE G W

1.3.2 FUMBERBIRREIME
I A, >> T, TR AEGE|2) I F R CREIRE), DR T L 2200
REZLI0 2 S0 3 HL R 0 1 R o RS i o S 1 07 R
i) = Hly) (1.25)
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ihd,y, = Ay, —hgy, —hQ'e "y,

iho,y, =gy, -Gy,

ihdy, = Ay, —hGy, - e"y,
B F R AR PR —na A=A gy a, A <<
A>>T, w, ¥ o Bl [A] PRIE AR AL IA BPATIRES, WA2 O, =0 JUIA] LA1S 2]

g G
l//2=—Xl//1—Xl//3 (1.26)

AR T R R IR, RIEFIE IR -nA, WD TP L)

FUERSK A, FAEARR, A2 T WD EESKME TR
iho,y, =hl A +g—2 % +h(£—ﬂ'e‘”’jw
t71 1 A 1 A 3
mawfd{%+%%}@+4%€—gaq%

HIE, B Tn] LA 2T 200G s Wi

Hﬁzh(g+%;mwﬂhh@%+%;}$@|

(1.27)
G \ _—ip G 1,0
H{%;—Qe jﬂﬂﬂ+%€?—ﬂe ygo
1.3.3 A BIZ R AFRETSHEHR
N T A AR PN RE Y, R AR e (1. 24) WA — R

Jrik[73]. X H, BATELE (1.24) BEAEFEEL
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A, —hg —hQ'e™
H=| -hg 0 ~hG (1.28)
-nQ'e” —-hG  hA,

L 2ms 7l A& WL AT 0

N

Hly,)=Alw,) (1.29)

o 2,(5:= 0, ) 73 S WA 25 W00 () = AN ARAEAR, S RIS RAIERS . ARIEA TR

;) == [G% +2, (A, -2 | +[G+ge (A, —1,)]2) + (e *gG -, )3) (1.30)
TYANAAEAG G AL A, A2 LUR J7 RE () i

B -2 +G+Q?)+2gGQcosg+(g* - N, +(G* = 22 A, + AA,A, =0 (1.31)
EEOHREOR e |2), RS RE (10300 Hond v 1 28 Ko 2

GQ'+ge (A, —4,)=0 (1.32)
ot 2y & SCHAHN ARG R . — RGO, XA SE O EwieE (1.24)
UK, HARMAE A —e AL, Fibe Bk g=0 7.  FRH M
RNNTEE
a) Mg=0W, KR (1.32) MRARWAZ] (1.30), FATH LI 2]

A A, =2 (2 6?) (1.33)

Hp A=A, ZXOG T RER . LRI (1.33) Bl XS AL ¢ = 0 I W A A7 5 1)
At

b) M g=rx i, [FIFENIITIETATAT LA 215 A (K 4 AF 2
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X5 Scully #HRZFAE LG R — 2. 2R M, JATZETHE AL S5 i A
N, HREW X0 T IR, A LMENR ¢ =G AHMEM.

P15 055 I 1 B 28 S A [

lv,)=—G|1)+g|3) (1.35)
R IV 1) ATEAS
PR N LT (1.36)
G g

T3NS A ANAAEZS th 5 2 B3R5 AOR M, EBATT 0 K2 I AR K5 DL

XHE AN TEAE T .

1.4 MBI

KEET ARG TEBRTILASG, A HAFFC Rt JE Ok B e %
KFEEEM . AR B0 TR R G ML 9T, 8T HR IR R
MR GALIF AT RGN E M . AL EEHRA=ARTETIEE
KRG BN )W

S A ST A SRR R GAE XU TSR IE R, OF BLZE KR
ST, ANHEMMNRERSE (EE—FOANE) . EIER BRI T
PT K B [ AAE 35 LA R 3 1y % Sk 25, BFSUmisat R mmsh e, &
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XHRIF S AT 7 1) 48 2 ANAE I O 5 Sl AR AR B R G AT 32 (i

S ER I BAIWESE T R AR = PE R L, WS T =B A, AR

T LR BAE R E S I R GE N o AT SO B R RS S0 R, ]
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L mBATCXAR EK RS, JCHAE PR FRIG M S SR TR 1 T il
ARFR EEN G DK PISE T REB S )5, DA~ — R A 4341
WFITPTRFRA R RE SO Y ) AR S iR 2 o IX LG T — R R TS
BFBECH: s 01— A LA, FESbIEAl B n] S48 1 Al K IS 21 R (1 5)

LSV

2.1 GP HFI2HEMR

TIN5 B (K35 R BECs,  HLIT/E IS X i B AR 1 501 ) 2k e 5 i
K, AFEIXABEF BECs K30 )1 %0k Sl 2 R KIS, %45 SR B 9T
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EE

e A EEA GRS SR, A SO BRSBEd BECs 13 11 LR
211 BIRBH P FREWE-ZEMBRRENZ N ETE
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2m 2. 1)

3 Jfdrdryg! " (U =)
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AP ELAE P B O AR SRR AR, WIFEAT A IR IR OL T, it
BRI PE T, WRESRORE T B bR L 0 B2 DL R B (U A A, T I
A2

SO, B IO AATAy () =Y +o(r) « WAL, W(r)=<y(r)>, M¥(r)
BT HATE RGP LIGE T, T8 5 AR BRI pR 2. 10 o(r) 42
BRSSO, AERERRIOFEBARN N — B2 AN, L <g(r) >=0.

PRI B TR 7 Il AR B AR Mg T ABRATT iy LA ] — 1]
FR R EABIOR fi] A B W RO AR A 3

U(r)=4zh’as’(r)/m
Hertm RPETIE, a ly s POCIHRRE, F 8(r) RAEIE 7 Z 1] (KA A FT 2 A
HEATELAE o

R B 1 )3 SEAT RO B A P B €7 1 B AL O s DU AN BT AR B8 7
B, IPR LR (K7 A AR AN, 5 X g =4an’a/m, JFETH SRR % 1
Bt~ DN TSR RO A, 1T AT 5

m%—\f{—%vzw(rﬂgmf@w (2.2)
LB Gross-Pitaevskii (GP) J5 2.

2 RS BT RSRRAIE b B €2 DR T SR A, D o B S nT e SR i 2 GP

JikE (2.2) 3], Bl el MR
W(r,1) =, ()P, (1) +c, (D, (r) (2.3)

(1) BRI THBEG =12 10, c(0)= N0 expli6, ()], N,(r) WHBE TR T

20



o PTXRRIIPS R T R85k

B, BMETHEN=N+N,=c [ +|c, [ &—E, 0.) NHPF+H BECs FIFHL .
W D, (r), FATTAT LUK 2R G0 R FR SO A

4D, D -,

' 2 2

) (2.4)

LERFRIBP UL @, (r) WL EAZA— A1 [drdo, @, =0 il [dr [@,, P =1. HHAUA
GP U7 R, [N AR OB R BCH A B R R
n(O) =[N, () =N, @O/ N=[l e, |, [ [/ NFHMHLL: o) = 0,(6) - 6,(t) » eI+

TOBT IR Iy A H A e 8 S AR A S B I TR) s AR R 8l ) 25 R -

iy =2(E,+E,)y1-n" sinp—E, (1-7")sin 2¢ (2.5)
) _ n ' L 2
hO@=AE,-nkE, 2(E0+Ej)—mcosgo+EJ77(2+cos2¢)) Ej\1-n° cosp (2.6)
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DTSRRI T AP PR D (r) « T FHIRA I B 71Kk D, (r)

2. 1.2 R=ZR-ERRKE
Hi John Crank #1 Phyllis Nicholson & B B X 22 0hs X, 228 TSR AR WA AEAT
AN A (o, t + K 1 2) AL R ARA 2L T e
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dt dx

OREAT AR o N o0 2250 23 SUA3 BUSRAR du(x, ¢+ K/ 2) 1 de BRI RMEL A5G, 3o
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du(x t+§)
) _ u(x,t+k)—u(x,f)+0(k2) (2.8)

dt
o QPux,e+k/2)/ dx? I AME T BAHT R dPu(ex,2)/ dx® T dPu(ox, ¢+ k) / dx? 3 ABEL 1)

RHEE], KSR O(h*), RoRA:

Fuei
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= +O(h? (2.9)
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Bl (2.8)0 (2.9 AN (2.7 H, FFEABKRZET OW) R Ok*) , KRG AT 153K

WA T u! = u(x,, 1) oz Rk
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. i J oy 4
W W _ oMo 2ul" +ug, jui—l 2u; +u;, (2.10)
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WRIEHIIG A AT S T4, 30 (2010 FoAa I SN, IEar Dok AL
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UGN I

2. 1. 3 SR IUPH A i iR B A BB Ok A
XTGP 2 (2. 2), BANH e —4: 0G0, R I s W G N BR8] £ =it ,
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a_\ll{l d
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BECs [ 3L @, (r), HEPE @ (r) 48N (2.5) (2.6), WHiZAEFF BECs [15h )12

PR ) AT B35 2E 1A

1.5¢

Bl 2.1 XFRIABEF BECs 3 e85k
FEAT T, AT FEA A BA T 3t 5 — i A s i th A3 81 GP
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H ,= y(ala,-ala,)-2iyala, - J(a'a, +a,ah) (2.15)
Heva, fMal (j=L2) G528 J A s B KA EH AT BB Ly
Relffmz, Bi2mZEN —y » HAMERIMAE N e A, v AR R
SREEII S, J A PIABE RS G . X BLRACE & A A B AE 8 ) 2
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2iy —J
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KARGLPEE T PP PTXFRIER, HERIEA N

— -J
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ESbA)
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- ¥+ iy
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(2.18)
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X I8 PR ASAE A K
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VB RS EWE (2.17) ARZJUKRFEFRT, RIS 50X R 200 e 8l . an4
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AR BT T n =y +lyf o B R

iv==2plw [ [ (2.24)
st o FATPTLURIL, SR Iy s A A T R S e e . o T 0CH AR
MR (2.16), KUWES (217) MXRUGE H, = Hop o+ il HRTA R 5
W B () —> e "y (t) o B FRBATFE— FHIEIALAER 1 B 1 sh g 2 s
R, RISy, =(1,0) .

K2. 3% T y=0, J=1i, ANEyBUER RGN 157247 0 Z2M—51] 4 g
TR T PTXFRN, PIAS e LU ek BBORE -7 LS A e 2% A5 S AN g ] A4k
OO0, AT 4 0 S AEAT R 2 8OUE F X BER 1 B RERIBN 447 . 481
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45 .

3.1 PTHIHIBUMERRFENRERE

MR 2 — B A TE R KR S N IEER THORES, AT USRI (1. 27)
AT BB S B Wi o O THIEST PTXIRRINI IR f (y =0), Tf1 %8 g=G
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