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Hr, U) = ™M, Hsgrt B 5 R GLSEI e i 5
AL — GO0, WITRET) H R 440 R

FEps(t) 72 W TR HE . 38w AR 5 27 S 1%
I FE TR

d
3P0 = Llps0] = —i[Hg, ps(®]/h + Dlps@®)], (18)

Horp, HGR R MBI G REG S B WE, 4
RGP AR oy, DRAEH Eps() B — AN
HF, B RG0S AT Ak 4> (B A T R AR
B0, BT R4 08 715 A S B FER B (] 1) HoAR
HA R, M E B3 1 28 B, On] LA
R, W 586 RGP A R, A
A5 15 77 R (18) & Lt AEMarkov U RFAE. (A1 EE AAT]
SRR A A B FE 07 R, — Rk R T FE(18) I —
FRIEABL. Schlosshauer "OIZEAR ) GRAHF 58 T4
g ) (Decoherence and The Quantum-to-Classical
Transition)— PRI VT, 45 H 7 W /EBorni/x {L
FiMarkovi feL ™43 H 32 7 FE VR4 HE S

M BTSRRI 50, S T EIA K& 1 HE
BN, B AH T BRI R I S tH 57 B B R i 28 LR
ik, AT Lo 1 = AN (1) 25— BRE
U it R B 1 I R G A T Wl ) S A 0T R
(2) R HZF TS RAAAERTE); 3) ¥
13 B P FEES AR 23 f FCRE 2 s A e 8 SRR PR I “FR £
FMNMAAEETRE). XA R 5 — A
R, B ET RS R AR A ER A ) B ) R B
A7 SR A ) F TR, H N R B ST RE A
BT RGERIA TS )28 A0 15 28 3 7 2.
FHIEATT R AN CAR R 2 M E LY
F2 77 U8 RATT K 18 9, dn el TR AR BRSO
AR FE R, DAE S A 0t SR g — AN 202 i
JEVEIRT I E 7L, HR LA SR o) il i Gauss i £
P24

EE—NOTERE AT = 1/kpI A R
TGN KR A AT

mwq+ip .  mwq-—ip
a=—, a = ———

V2hmow ’ V2hmow '

B E #AE P — AHRST (R IR 1 2 A, U E e e e
LR RGNS e B UL

19)

Hsg=Hg +Hp+V
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- hwd'a + Z hwbb’ + Z hkibja’ +&bla),
j J
(20)

Hordr, He FH 53 ) 2 V8 IR 1 5 PR 53 10 v 25 il 57 4%
Vﬂ:ﬂﬁﬂ]lﬂﬁ’]fﬂ”ﬁﬁﬁ HpR s R+ R 2110 % B
[, I fEMarkovi Ll ™A £ 78 17:

_ 1
% =iw[p,a’a] + Y(Ng + 1)(a,oaT - i{aTa,p})

1
+ 7Nﬁ(a4fpa - E{aaT,p}), 21

Hp, y2HE R Ny = 1/ - 1), o =
w+Aw?%T$E4JCJ:EI’Jl SR T

NTRETRECH B A, Sl NELEE =
VB s iy, 20— = iep s 301, TR

2mw

TR (2) AT AT LT85 B HE B o R R AIL PR 2
¢(g) = TripU(g)] = e Trlpe ] = €. (22)

A 1E 25 RaU(g) = (9/9¢ - €/2)U(g),
(0/0¢ + €/2)U(g) T RQDHME K,

0 (=0 0
o - (ol ez

U(ga =

Y 2,
5((2Nﬁ+1)I§I (fa_g +& f))} ®, (23)
5
ov(E, 1) Y
a5+ )fa?(z‘““)f—f
+ 5(2Nﬁ + D = 0. (24)
FHVIUEE N —Gaussi &8, HAQ) = 7, (p) = P,
(g=*» =0 A
B —= (€+E&7
v(¢,0) = aé —aé - 2( 61 - A - f))
2.2 2.2
= i(XP + yq) — (87’; + ‘TTy) (25)

Hh, a = (mwg +ip)/ V2hmw, A = mwo?/2h. K5
ILLlE M5 BRI, FTFEQA)KIfE N

Vg, 1) =e 7’[(N,; + )|§:|2 - 32—/1(&*1“” T )

+ %(fe—iaz _ Eeiar)z + e_y?r(affe_ia’ _ 6&:@’)
(Nﬁ + )Ifl2 (26)
£ L&t — oo, (HA RIFREM
Vis (Nﬁ + )|§|2
h 1 2
_ _E(Nﬁ 2)(mwx . rz—w) @

H AR Mty s, FTHEAS AL (K B AE B N, = e,
B R4t e &5 IEN R AMTHE —5

TR WA %A R A A R R — AN A e
I FE o I Gauss i £ 4H B TR A 4. Gaussy (0 (1) 55
TER g, 55(8) QS % H, BUE

ou(g) = f i f 05 00 @ Ppoan(@): 28)

)

0GP = s [ dx [y T
29)

Bl & 25 90 i % Fos(q.p) > 0, 1E £ 3 kv i
KON 150y, (974 Gauss i L 7 il (1 26 1F

1 mwo? 1
mﬁZﬂ— 7 SNﬁ+§. (30)
ZAREW, AR EAETEN, HET
FQDE TR E S K B A 2 MGaussi (70, 7
T E AR ) A TR B <R BT A 0 e, FRATT 7R 2

THEEAN R T8 BE 1 BLAE 20 52 IR E T 8™ A T a6
HAR(ERAL 7 ABAES E I TR E N . 3K
AR BRI R 508

S(t) = —InTr[p*(1)]

i _
= —1n[5T f dx f dy e“‘fv’)*v(f")]. (31

=0 (26) % 5 H1S
%h 0= [(1 —42)* + 2N4(1 + 162%)], (32)

Hia = 1/4HTIF§F$E’J%JJZZA‘ HRIEMME. EF
Fo? = n/2mwitf 1) Gauss Bt B Y IE IR 5 A T35,
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BAVR H S50 B EHF QDS H F8 £ & 250
M TE. BERNEHNZ, HTELEKE
FraffI AR, ‘B4 HiHilbertZ A1 H 1 (1) — 414k IE
L) e P 0 Ta JE e KB R, BIFdE—
AN R R ik, JATE R B0 4

P RGE B R HAE RS % &V iEaa 14
e, P, £ 7, TP RGER b &5 E
T RS H R AR g X — ik S e BED
SRIERR . Sy AhF5 B4, FRATX R A E 7
QDS SCER19TH K H B Hi R W IR 1 &2 1 Bl ig
Z)fCaldeira-Leggett (CL)E 7 B & H Z 7l 1. %3
U T fr e AT ENE R, 2B A
SO RS HCLAE 5 R () 2 A, T R Gl e Ak
TS R — AN AUl B AR Rl — R S 22
B MCLAE 77 B B xU &, g 7 X K377
FEB € BT et & FE B BT, 25 T 5 SCER19]
A ROLSE).

R Ja ik U W] — R, 201 42704 AX,
Louisell "7l O 28 75 Ath 1 5 19 28 75 55 A 5 5 #2(21)
i) fil T CLVE Al b iR, H S 1% 07 2 B B Englert®d
NEBIRLA R B Ak 15 2 8 M. E AT TAE
R TG 8 B M o B L B 2 A, i1
KR IR — 30T B T 1 £ IR AR E & IFIE
SEFREFAET R A TR, ok AR L AR
TAE.

43 EBETHHEHERE

FEIT SRR B T L, 56 T & 740 iz 5)
P B A AR R T R & TAEC SCk[22]9 Fr 51 3¢
BiR), X BB R I i) A PR T AT b CL 3 77 F2 (S
HLindblad %4 # 7)) o 25 8 0 il B B A 28 8 5 T
H’JGauss/Ez@zﬂﬁle’J/%é,%. IX 2 PR X A il 7 ) A
Y, %) B A A 4 FRATT BT A )3 At SR SOWLE T
TG BT 5 T 5 0 D R B 8 R AAE (R
Frid <& Fa il i) BA B2 L BT LLE
B, 75 AR FHIX I ] G, SR REAIE R £l 2 B B 2
EER AR Ge it 85 BEH B R A 3R 2.
CLE TR FIX R, 5882 — N b AEF
PR T, HAR R A BB 3R 5 #0 2 [a] (19 ELAE g

g 1 T 35 /T A AL R RSN
BEMRG S T AHgy = Hg + He + V, Hrp
p’ 1

He = — + = 2 2
ST om 2”“‘“1’

Z 2 + m w2 qj (33)
V= chjq]

X FABornifz Bl A Markovift {4, ELAR & #4 2 Fh i 45 7
(118 %% 7 g Lorentz-Drude !, M| % 45 [¥) 2940 25 5 46
B o 3 7 i oy 11624

do

i
— = ——[H —
h[ S’p]

” la.la.pll. (34)

Iy
%[q’ {p’P}] th

TF % 45 i FH B /& Heisenberg-Weyl#EH (1), N 2(2)
AT

[q,U] = —axU, [p, U] = iyU, {p, U} = —Zi%U, 35)
LT REG4 S B
ﬁ _y ﬁ i ny o
% +(2yx m)[)x + mw xay]v(x v, t)+ 7 x°=0.
(36)

MAT B 25 7€ 1) R G Av(x, ,0), K R ik #h ¢
V295 5 KA T FRGBO) I B v (x, y, 1) P2 At — o0,
TUHEAFAFAE A T WIS AR A A

¥
Vs, y) = —— (x + ) 37N

23 m?w?

BARGNEFTTEQHRSHQHAM L, &
TR Mpho < 1N AN + 1/2 ~ 1/Bhw, BIX
EmEmiR X NCLE FREA R MRS HA S5 IEN &
AMMIE — 8 BREMCDHII 5 — A 1 2
MBhw > 288, K I P B o o AN TG 2 TE 1 AR
H5¢ FHeisenberg AN iE K RERIMEE R EFE
WA AR R(APENAGE) > 17274, WG ITE
AP (AQP) s = 1/8202%, BN 4 Bhw > 21 iZFa A5 iR
AN R E R R,

BUAE SR AT 8 A& &S ARGBT)IE fl Bl 46 14 R BE R
B 4 T8 B I Gauss I A 1 Y 4 A K R OR
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KEHRAH(29), 17

90(4, D)

@Vf“f
(38)

R S AR GAFAE Gauss i & 73 i 1 26 F Nphow < 2
Lo elo_,o,], XHo =1 len o, = w_W' LEAR,

AR v (x, y, 0 S BT T RS W) U3 A 58
No b ERE,

2 1 )\2
—i(xp+yg)+ 87—273))6 +( T gt )}

2.2 3 4ma
S(t) =26yt —46(1+0)y t"+O(t’),6 =

5 -1. (39)
R AT 4548 2 (1) CLE 4 PR AN H4Bhw < 28
AHEAHEE XS, (2) MHIA M Gaussi

L9 o = o 7 2 I 4 08 3k / (
) 0, CLAE 5 PR 00 5 0 9 2
%”JﬂMmm&@iﬂﬂ?wm)ZNT%%%
FIAT4): () REWSHRAEEe < o, A1k
B AR P (o) I PEAE R A ) A AR BB

9T W R 7RG R T 2016 BEAE ()
FOELEEE, BT R 06 A 2 B 2
HA R fLindblad %

d

3P0 = Lp®] = ~ilH, p())/

+ 2 70 [2V,0p@ Vi — (ViOV,@.p0}] . (40)
J

Hr y) > 0.

T CLE J7 2 Lindblad B HE | BARE L M7
329 N IRATTI 18 Gao 20V LLME 5 i 77 AR HE A —
AN F-CLE 7 FE K Lindblad B HE ) (AT FRCLG 7 #2).
CLGFE 72T

dp

L =~ 2 [Hs+ V10l - Z1q. .o} - 14 [, 1]
—v[p, [p. P11, (41)
Hrh, vV, = wi{q, p}, 1? = myw coth(hwB/4)/2h, v =

y tanh(AwpB/4) [2hmew. K IR AE & B0 R R J5, J7
FREDSE

0 y\ o , 0
Y + (Zyx m) Fp + mw xay]v(x,y, 1)

+ 12X + vy = 0. (42)
ATLLVE B, fE iR AE TR T, J7HE42)72 TTFRG6)H) —

AMRGFHIITAL.
AR ECHALIES RN SN S|

vis(X,y) = =(@®x* + 2cxy + b)), (43)
Horp,
a2 _ hZ(ﬂZ + m2w2v2)

4y

R? + (4y? + wz)mzvz]
dym?w?

b2

m2mv?
2

FHE, PP = 2a2, (qP), = 202, AV B i
[N 24 45 1) -2 g B A1

<HS>sx = 7;67(1) [COth(Tﬂ) (1 ‘le)t h(h(::lg)] .

(44)

c=-

1E & i A Hs)y, ~ keT , 7EAKIR B A ), ~
hw(l + y?/w?)/2. TFEFE R, CLGE TR
BRSO, A5 T I e R4y
X —AFHEWERERE, AT AR T
BT RGMMER, NG LE@EBS )% 8
FIE R Z5 48R P AT 25 (1) A% 48, 8 S S N 3E 1 4
THP T REE IR VE .

H TCLGE 7 BRI R &M, B 20(29), AT
AL R R AT 45 58 T8 FE I Gauss i 85 1 0 40
A, SR 5 I8 I TE SRS R AL, R E R Al 2 AT B AR
EdRER &, TATE B 045 B2 SCHRR22])): 2
BR3P EGaussP AL f 1 26 No € (o, 0],
X
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1M %8 5 Ao I Gauss i B 18 7= A2 W GR I 2N

_ ymdtw htanh(wT“’)
=0 2 tanh(hf*T“) [

2

ds @ —2] 46

dr

mo2w

6)KH, i By Zo? = htanh(Bfw/4)/2mow BT,
505 7= 2B ) ) 4 2Rk B N, SR T AT AR B AN 55
Ho? < o fEAKAL, B AT 1A Gaussi A
RREMADE RS T I — . Rk, &
TBVERE B, M > (ab — h/4)* I R(45)4 i 1 B
FHL, B CLG 77 FE AR S AR AN A7E Gauss I
I3 .

M T = AN 37 R AR A R L T
() B 7T &7 2SN, CLECLGE 21
REMBARHEN LR Q2 —IMET
TFRG, & HEHRAERSH, BRASMNR
fiF bR 4 & Heisenberg-Weyl B I [¥]GaussZ p& 5, 1]
AT 2 (28) FH(29) K I 43 it il — A~ H A [ 72 3 o
FIGaussii L2 R TR & 4. BAERF > MES
AT R, RIS o 2 R Ao € [o-, 0] B) A
T W — R B LR B BRI RS A R AR B AR e, TR
AR A T SCHRRI19T A 4 H BB AR A I 7 AR 1T 46 T
RPIRN), FLAHRIf E %8 T H RANTREHES
B RAMERIMEE R ) BB RR9s
EIARRM T 2) CLE FERHaEr &3 2 i
%o = o_MGaussi i, E A1 R ELhw = 28] 4 &
IR T M T4 3) X TCLGE 2, BATEILIH
ETE BT A 15 DL T B 1524 il #4547 7E Gaussif £2 5
fift, HiK %o = o_HIGaussy HL 4K SR H X e N Fa e .
@) —ANETFIHRGMIRE SR EN R E
T FERE I, B I AE S RG0S B 0 HLAE G 2
HEVIIHBA R, (BEA—E R 5 VAR R HEA
AP AR RS, ZEFRATI R 1 =AM 7, &
TR TR FRE A BAR R TE K fFalf A1E
A, Hak — M JEJEkER. £ TCLMCLGTE: 712
Pt A2, # R e e A B AT q I AR
& B, A AERAS A R R — R T

TFR G5 M e — A Rt — BT R

i) .

5 g

AIERE], Gt 59 12 H
SR G A [R5 1 B SRR, FRATT S A2 i 4
TH71% 1, 15 B Gibbs Bl 2 1) F £7 BRAR 2 i LA
RIS T 75 R ER S B A,  BR A Ath 7R R %
SRR B SN T AH A A RS, R B T A
[A]_E AR EE, DL 58 3R 10 T7 Ge k1 Gttt
B 53 1 I I I G — k. BT oRIAT T
wr“B it I 5eg T MRRE K R 1
I EEA EIRATTAR H, B AT AME“E T4t 1
-3 1 FH 9 HHvon Neumann@!) 2 [ Hilbert = [7] 5 %
o JE B R i 7 2, TR e B At S A 3
FABPER YD FE 2R G 1) BN S SRR, DR 7 A
2 A HE SR TR IS N — AT ) B A R —— A
W R F B, — B #Evon Neumann [ 32 AEZE 5] A
TR R G B ) R A B, BLRRIR B
SRHBAE 2 MR ZR 0 Tz AT B RRAE R R HE)
BB MR, IR SLE — AN LU N
At m T N IRIE . AR ELRE T,
2 A ERHER B R oR, 1 e B R
AR SCEMNT X RErLRoR. fEE3E S, JATS
T IO B BRI R 5 I8 R 1) “Hilbert ™ [A] 5
FPRon R R B, IATET I8 T ERE T
Gtk 1 BRI, SR AR RHIE R A0 IX —
B EE R R BT BRI b, R 2, R RE
FRHER B R R G H T BT E TR E R
fifg, SR ZOT FE RS AS M, UESE T LI BefR A
FR R AT A A, WATIE AR R AL 2R DR IR
T, 118 T & 71 Blig sl ff) Caldeira-Legget + 5 2 &
HLindblad B (), S5 T RE T I RS €
BN B fr B A FE 0 28 B, DL A anfrr <% FE R
B fE R S5 BRI .

Bust  RMEITAFIFHHEUR T ERFEAKF I R HZ AR L 88 351718,
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Quantum statistical mechanics, quantum probability and
quantum characteristic function

GU Yan"

Department of Modern Physics, University of Science and Technology of China, Hefei 230026, China

The theory of quantum statistical mechanics is reviewed in the light of the quantum probability theory developed in recent
years by mathematicians. We show that—which is our main motivation here—the former is a special model in the frame-
work of the latter, by extending the characteristic function in the classical probability theory to the quantum probability
theory based on the requirements of quantum statistical mechanics. We find that due to the fact that fundamental dynamical
variables of a quantum system must respect certain commutation relations, one has to reform the classical characteristic
function defined on a Euclidean space to a normalized, nonnegative definite function defined on a group which is generated
by a Lie algebra formed from these commutation relations. Our key finding is that the group-theoretical characteristic
function could be adopted to replace the density matrix commonly used in quantum statistical mechanics for representing a
state of the quantum ensemble, and more than that, the new representation has some significant advantages in applications.
To show its advantages compared with the conventional density matrix scenario, we illustrate its applications in: solving
the master equation that describes the irreversible evolution of a quantum open system; determining the pointer states of
a quantum open system; and expanding the density matrix with the pointer states. In particular, thanks to the quantum
characteristic function, we are able to write down the solutions of the quantum-optical master equation explicitly, obtain its
steady solutions and verify that the pointer states are exactly coherent states. Besides, the Caldeira-Leggett master equation
for the quantum Brownian motion and its extension to the Lindblad type are also studied.

group-theoretical formalism of quantum statistical mechanics, quantum characteristic function, master equations
of open quantum systems

PACS: 03.65.Yz, 03.65.Ud, 03.67.Mn
doi: 10.1360/SSPMA-2019-0365
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