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(BRI IF Y SCARAE(EL, WA 25 i H & 42 )m) PT X}
PRI, AT LA J(CPT, F) = |{CPT, F}||°FT %75,
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1
I(CPT,F)+ J(CPT,F) = ||[[CPT, F]|°FT 4 |{CPT, F}||°FT = 1 /d[CPTZF(z)OPTF(:c)

— CPTF(2)CPT2F(z) + CPT?F(z)F(x)CPT — CPTF(x)CPTF(x)CPT)

1

+ / d[CPT?*F(2)CPTF(z) + CPTF(z)CPT*F(z) + CPT?*F(x)F(x)CPT

+ CPTF(x)CPTF(x)CPT] = % / d[CPT?F(z)CPTF(x) + CPT*F(x)F(x)CPT]

= SUCPTFI?T & [ACPTF@F@CPT) = 51+ [CPT | F|°TT|CPTL) = 1.

XEKE [(CPT, F) Fl J(CPT, F) Z&~FfE i, B
F R4 )5 PT SRR BUR G — A5, X 582100
B H BRI PT SRR~ A — 2.
BT ERGHE, #ar TR M e B8
PT X FRME —Fp o720, Z0E T, MW H i
JaiB PT XFRME 5% H 5 CPT B 58
Pk o6, WS H B B o 5 % i
HY5 CPT R AT A 56, 207 kT D
f e B H A Ry 3 PT R FR T 43 FE k3 43
A SEAA N WA 2 i H 25227 PT XK
(). Xt F 45 e Bl H, nl LIS B RRE(E B,
FIUAH L (R AE PREL 6, VAT F I X, T
1S3 B R H Y PT X FRER AT FI Gl 43

4 F| F vb W& AR 1R By 55 3 A0 R
H| W eh E W E By PT S AR
XA T B X i H e w24k PT

SRR L, A5 243 1 5% — e o 6 11 20 T 7

|

2

|
. ZFERIERET FikE PR E T F, s R
FHG 2 H RSB SR, 21 m e 2 i H A9
PT XJHR1E.

4.1 FH CPT &FH F EFRARENE
FISEAER AN E BB
AN L b —HR R AT, i CPT
BOh b —8T FRSEER ReF FHERR ImF RS2
HEF F RIS S R H 0 — LR R 3 1 ¢
Z AT DL et i s i RS R A O
CPTF —F
= [(CLl — bll)CPT¢1, (CLQ — le)CPT¢2, ety
] — [(a1 + b1i) ¢y,
(aQ + b2i)¢2; ) (an + bn1)¢nﬂ e )]
4> ImF = %H(C’PTF — )| °PT, Al LA RN A

T F R R AL R R b, WA T, R L
R H REE B, BRI .

(an - bnl)CPT¢n; e

1 1 . .
Z”(CPTF - F)”CPT = 1 Z H(an - bn1)¢n - (an + bnl)(anCPT

n=1

d[CPT((an — bni)CPT, —

3
3
3
Il
—

Il
| =
3 M8

[
—_— Y

| =

Me £

| =

1

n’

3
I

(an + bpi)dn))((am —

i) CPT hrm, — (A + bni) )]

d[((an + bui)dn — (an — bpi)CPThn)((am — i) CPT G — (am + bimi)pm)]

d[((an + bui)dn — (an — bpi)CPThn)((am — i) CPT G — (am + bini)pm)]

- i 3 /d[(an + byi) (@ — b)) nC PTG — (@ + bui) (@ + byni) b bim

n,m=1

— (an — bpi)(am — bini)CPT G CPT b + (an — bni)(am + bmi) CPTéndm]
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Z (lanl® + \bn\?)/da— (lanl? - |bn|2+2anb”i)/d6— (lanl® = ba]? —2anbni)/d5

o+ ) [ 4832 < Dl

.M»—‘

J3—J7 I,
CPTF + F = [(a; — bi)CPT ¢y, (ag — boi)CPT ¢, - -+, (an — bpi)CPT ey, - -]
+ [(a1 + bii)dr, (a2 + b2i) @2, -+, (an + bni)dy, - - +)].
A ReF = ||(CPTF + F)||9PT, AT LAR R pREL F SR AL R A o, W03E, TT LA A5 210G %
it H E’J%?HEE (18 SIS - A

1 — .
f||(C’PTF+F )|[CPT = ZZ an — bni)fn + (an + bni) |7

Z /d [CPT((an — bpi)CPTéy + (an 4 bpi)pn)) ((am — byni) OPT dpy + (@ + bini)dm )]

nml

DS [ Al@n+8a0)60 + (@ = BAICPTG) (a1 = b} CP T + (am + b))

nml

Z /d an + bn1)¢n (an — byl )CPTd)n)((am - ml)OPTd)m (am + bm1)¢m)]

nml

_ = Z / (an + bpi) (@m — bini)dnCPTém + (an + bpi)(@m + bimi)dndm
n,m=1
+ (an — bui)(am — b)) CPT ), CPT hpy + (an, — bni)(am + bini) CPThp ]

o0

(lan]? + [ba]2) /d5+(|an|2—|bn|2+2anbni)/d5+(|an\2—|bn|2+2anbni)/d5

,4;\»—l

n=1

HanP ) [ 4= faal? < 3 e
n=1 n=1
WL,

|CPTF||CPT = /d CPTCPTF(z))CPTF(x Z /d [((an + bpi)dn () ((am — b ) [dm (—2)]")]

n,m=1

iy [ Qe+ o) (@~ b o~ DS [ dnamu @) (=2

n,m=1 nml

1 1
+ dbybm fn (2)[$m (—2)]"] = ZICPTE + F|FT 4 2| (CPTF = F)[ .

\
HUVET FESERUER AR R, e 0N, RIS B2k PT XAk, K2R
SR T T 92 T R S AR . A I # 0, RN AEAGE SRR 0 I RER B,
AT R0, SRR FE I s A H
4.2 #IJI#J'I"HA.{; WEH'J PT X-J- IJ\HE PT Xﬁ%ﬁﬂﬂﬁ fiZJTﬁk %‘RGF = O Fﬁ‘ﬁ ¢n
(WIREL B, DA HER, 6 LB T PT XRS5 40
FmE =0, JrA AE R o, IR B, (LA B sy, M H & PT ERFRIY, K2
ST, SR ARG R 6, BT PT AR N8R, SRS A S

040302-8


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 % 3R Acta Phys. Sin. Vol. 73, No. 4 (2024)

040302

ATCE T Z S H B PT XFRPER)
WiFh 7= 1) J(CPT,F), I(CPT,F); 2) ReF,
ImF . T SCBOM R ACTE S 3 F o TR Y, Je o
PRI P RE T 28 2 B0 A DO i 02
o2 PT XFRME A0, 17 AS 56 e i sl 43 1) i Ak
fi ] T 1) 200 1)y X0 f B . (HRT & 7R RS F AT
RESE AT, R J(CPT, F) AT DL Ak 351 1 1
Jarl PT XKy, 1M ReF AREF T AL 25 1 2
()R EB PT X FRER4

R HE4 R PT R, Rk
S5 ReF Fl PT XFRERS> J(CPT, F) . #5210
i H o PT S FRBEERAY, 12 — A 2 m 7y X 7
B ImF , X T8 —Fh 2 3R B OCTE R
PT % 7k &% 4% J(CPT, F)#1 PT XF Fk % Bkt 3% 4
I(CPT,F). #Waiiie H 58 iy, ol I
Keyd: ImE Al PT XFRME SR 4> I(CPT, F), 04 1
%

F1 WEZIMG R H PT SRR By

Table 1. Compare two depiction methods of PT-symme-
try of Hamiltonian H.

SRk EH iy S
HZ 2R PTXFR J(CPT, F) ReF
HERHPTXFE  J(CPT, F), [(CPT, F) ImF
HIEPTRFRSE Sk I(CPT, F) ImF

T B R, YA RIS ] RS
5 a PT XFRBE By, F5 20 [(CPT, F) 27
F 0, A ReF &N 0, B~ ReF AF|F X 43

JAFR PT YRR PT XHFRSE el Blert. 5w &
i HJE PTAEXIFRAY, WIAAAERG Bl it H AR
PREL ¢, (VBB B, S 8K, (B —E 22l 5L, r
PLReF A—3EN 0. HTFSE N 5% Hbe
GUE R B, X EEAR TSN < LINHE.
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Abstract

The theory of PT-symmetry describes the non-hermitian Hamiltonian with real energy levels, which means
that the Hamiltonian H is invariant neither under parity operator P, nor under time reversal operator T, PTH
= H. Whether the Hamiltonian is real and symmetric is not a necessary condition for ensuring the fundamental
axioms of quantum mechanics: real energy levels and unitary time evolution. The theory of PT-symmetry plays
a significant role in studying quantum physics and quantum information science, Researchers have paid much
attention to how to describe PT-symmetry of Hamiltonian. In the paper, we define operator F according to the
PT-symmetry theory and the normalized eigenfunction of Hamiltonian. Then we first describe the PT-symmetry
of Hamiltonian in dimensionless cases after finding the features of commutator and anti-commutator of operator
CPT and operator F. Furthermore, we find that this method can also quantify the PT-symmetry of
Hamiltonian in dimensionless case. I(CPT, F) = ||[CPT, F]||CPT represents the part of PT-symmetry broken,
and J(CPT, F) = ||[CPT, F]||CPT represents the part of PT-symmetry. If I[(CPT, F) = ||[CPT, F]||CPT = 0,
Hamiltonian H is globally PT-symmetric. Once I[(CPT, F) = ||[CPT, F]||CPT # 0, Hamiltonian H is PT-
symmetrically broken. In addition, we propose another method to describe PT-symmetry of Hamiltonian based
on real and imaginary parts of eigenvalues of Hamiltonian, to judge whether the Hamiltonian is PT symmetric.
ReF = 1/4||(CPTF+F)||CPT represents the sum of squares of real part of the eigenvalue E, of Hamiltonian H,
ImF = 1/4||(CPTF-F)||CPT is the sum of imaginary part of the eigenvalue E, of a Hamiltonian H. If ImF = 0,
Hamiltonian H is globally PT-symmetric. Once ImF # 0, Hamiltonian H is PT-symmetrically broken. ReF' = 0
implies that Hamiltonian H is PT-asymmetric, but it is a sufficient condition, not necessary condition. The later
is easier to realize in the experiment, but the studying conditions are tighter, and it further requires that CPT
on () = én (x). If we only pay attention to whether PT-symmetry is broken, it is simpler to use the latter
method. The former method is perhaps better to quantify the PT-symmetrically broken part and the part of
local PT-symmetry.

Keywords: Hamiltonian, PT-symmetry, commutator, normalized feature functions
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