US

University of Sussex

%&



$99

5999
'up.nnn



27T
higa|? 22

I'ec = —
h h

II(t) = II(0) e ot

"%




/ 0 (
TWO LEVEL ATOM STRUCTURED
G2y 04 RESERVOIR (" 70

1.

ax,al

~

1
H= ) hwxalas+ Sher (6767 — 6767
A

+ ) (hgiaxé™ +hc.)
A



W (t)) = Ea(t)e_iwlﬂl)|...O>\...)+ZA: Ex(t)e (0)]... 15...)

2 #oo" 3 ) % 3
d : F
o e * —TANt =
dt ;g* g 4
d iANE <
1—C)\ = e ~*e,
1t A gx
) ! # |
d

—Ca(t) = — [ dTG(r)E(t — )

with memory kernel
G(T) =X |gal?e 7 = [ dwxp(wy)|gale ™4
A

2 07
! P gr]" = —D(wy)
27




 (

)

1 " 4 51 %
G(7) = Xlgal?e™™ = [ dwap(wa)|gal?e™ 4
A

— plgl® [ dwre™ = plg|* 2m6(7)

) 1 T

;téa(t) — [[drG(r)ea(t — 7)



¥ I

d .
i—Cx = gre'MNe
dt A ax a
g
(wx —wo) + 1Ty /2
p(w)|g(w)|?

(w—wp)? + (F'a/2)?
p(wo)|g(wo)|?
(w —wp)? + (T'a/2)?
r,/2

7 [(w — wo)? + (Ta/2)?]

%3 7 P




*H#

op(t .
AN Hi(1), p(t)] < w11 (>
ot
ﬁ[(t) = Z (gka-‘l‘d)\e—i(wx—wo)t _|_g>>l<\6.—&iei(w>\—wo)t)
A
?

5(t) = plte)—i / Hi@), )] dt

dp(t)
at

= —i[F@.at0)] - [ [Frte, [Frw), o)) at

+ 2

p(t) = ps(t) @ pB @ AB (

37



0ps(t)
ot

~ —iTrg { [ﬁf(t), ps(to) ® ﬁBH — Trg {/tt [ﬁ,(t), [ﬁ,(t'), ps(t) ® ﬁBH dt’} :

0] "= 6 /+ %

aﬁs(t) ¢ P —i(wr—wo)(E—t") | st a— 4 / A— o Ao
57 ~ —/0 ;|Q>\| {e > {0 6 ps(t’) — 6 Ps(t)‘f}

+ei(w>\—w0)(t_t,) |: . &_ﬁs(t,)&+ _|_ PAS(t’)&—I_&_} }dt'

+ 2 8 @( A "C% "%
{ 53D> L (

dps(t) r {A_A

1 o oa
S0~ rufempsot - Jotemps(t) - Jps(tiotom )

DO | =

: # 6 ! 1



%&

H



d .
Z—é — *e—ZA)\té
dt a Z}\:QA A
d .
. ~ . AN 2
1—C = e C
dt A ax a
) Il H |

%éa(t) = — [(drG(r)e(t — 7)

with memory kernel

G(r) = X lgale™ 7 = [ dwxp(ws)|gal?e™¥

! ! % TP

11

STRUCTURED
RESERVOIR
AooaT

TWO LEVEL ATOM

% /D(w)dw —1

B 1/ 1+FFB88GD ",GGH%1



3 " % TP
%
BB, ?
*2 )
* I
!
J

é(T) — —’Lﬂz Z ’I”le_i(zl_wl)T
l

| " %B
?




E 6 | ) #

d = t A = ~ : —i(z]—w1)T
—Ca(t) = — [ drG(T)E(t — T) G(t) = _zm;ne (z1—w1)
1
dc,(t
i ) _ wica(t) + ) Kibi(t)
dt l
db; (t
;300 210y (1) + Kica(t)
dt
Kl =29 —’i’l"l
+ ) l #
+ 2 [ +?%
2 # 2 | 111




n 3,%

r
D — — S
(w) (w _ wl)z n (I‘/2)2 Z1 Wi zI‘/2
d . d
i—&, = eTtAN G L@
7t e %39/\ A vgCa = woCq + 20b1
Zié)\ = g)\eiA)‘téa ’Libl — (wl — zI‘/2)b1 —|— Q()Ca
dt dt
#
d I
—h = —i[Ho,p] - (a'ap —2apa’ + pa'a)

Hy = wo(6.+1)/2+ wea'a+ Qo (a'6_ + a64)

2



/(

# 1 %

ca(t) =~ e Tt%cos (%t) QO = \/Q%-(I‘/Z)z

|Ca(t)|2

Q

1
56_”/2 (1 4 cos (2t))

h:atnml:t"z *2 2
(
E I
# L (
(B 1
2 (
6?7

Scaled time, i




2
*2
(6 !
( 1
/ 2
1
/(
| #
I §) 18 "3 %
*f(
(! 6
( 1
(




&

2 B11(-
I ) 1 *#1M
6 ( @ A&
+ N M! ( ) !
( #01

E
- 6 # ?&



Hy = wo(6,+1)/2 + weala, + w.alas

+\/7W1W2(I‘1 .

5 (alas + a1al) + Qo (@l6_ + az64)

I"z = W1]__‘1 = Wg]__‘g



111



%&

H



TRUE
MODES

A(w), At (w)

System: Reservoir:
Non-Markovian Structured
Behaviour

True-mode picture

Pseudo-mode picture

ATOMS

New System:
Markovian
Behaviour

QUASI

MODES

(EXTERNAL)
h(A), bT(A)

Reservoir:

Flat

Quasi-mode picture




+ ; W 2
Aw) = Y au@)as + [ dApe(A)B(w, A)b(A)
. !

a; = /dw p(w)a;'f(w)/i(w)

b(A) = / dw p(@)B(A, ) A(w)

[A(w), AT ()] = 6(w — ') /p(w) A(w), Bp| = hwA(w)



° (

%



%&

H



, ) ¥
() = 51(t)e_i“’1t|1)|...0>\...)—|—§)\: Ex(t)e™ M 0)]... 1x...)

E) 6 ) - (!
B 8DD;%

S(r)

= o
Al

[or,o_.ps]+ H)| o_pao, — Sloo,




Cilipalr))

|l () — | (t + &) = | |’+ ()|

iHét \

bl + 30y =| 1 - == ||ul0).

!

pL(0) =T ;81 (D|CIC (1))

. o gl a
Ell!';r.'l'l'-'r ,l__:' — u-‘.-:-l-.lr + ,ll:l‘ = —_ .
|| (2 + S0}

_— bt + S byt + 61)|
o lt+dt)=(l —p,)——————

(), (0)|C
+E:’.l Cilts Wy | _
- Yu(n|C:C




E) #
$ 8DDP%

S(r)

Ir er all
N e T U PAS
2

[or,o_.ps]+ A o_pao, —




(1

1 1/1+

B D;8;DR "8DDG!



=



%&

H



! 6 |
" +=7%1 1" !
2
Hi(t) = ng(t) [ &_B}; exp (—i
k

t

s— P

o — ()] ar )

o

-+ &+Bk exp (—I—i

o — n(r)]r ]



. < #
Oca(t) [t
— = Ek:gk,(t) exp (—I—z/o lwo — wk(T)]dT) ck(t)
iacgt(t) = gk(t)exp (—i/o lwo — wk(T)]dT) Ca(t)
Ocqy(t) t , N
= - K(t,t")c, (1) dt
o | Ktt)et)
\ J
Y

K(t,t") = ;gk(t)gk(t’) exp (+i /tt (wo — wk(T)}dT)



1 ( + e "6B % 3! =
. (/2)
Prgk(t)gr(t’) = 7/ [72 4 (wo — wi(t))?] [72 + (wo — wi(t))?]
! T

$



BO

"8DDT%B

18



? 1

) #

')

/(
(6

§)



0 ) M 6
'+ %

) " UU;%B  ( I
| > | o1

Oca(t Q2~ t oo exp |+1 — t — xy2
6( i xR —call) 07/ dt,/ dwy, p[ e o) 2t }
t 47 0 e 5
\/(’7’2+(w0—wk—xt) )
exp [—z’ (wog — wg) t/ + %‘t’z}

\/ (72 + (wo = wi = xt)?)

X

Ocat) ~ —cq(t)L(t) + 2 6 ! M
. 0?2 i~2 0\ |2
I'eoc = lim {T'(¢)} = o7 K, Y
t—oo 8w 4owg

2 ! ) Q



=

wk(t) — Wk —|— dsin(ﬂt)

)
exp (—|—z’[w0 — wi]t + i%u _ cos(ﬂt)])

) ! )
> (i)' Ji(d/Q) exp (i[wk, — wo — IQ]t + %)

l=—co









=
(@
~—
~—
O
~—
ﬂ/.
~—r
+ O x



%HE Y # # ' 0*&# #% # %
&# +), +)#H% % .+ #H# "+ (I+- # 0+)+1 + &+/2 33 4
SHH # % # %&H 675 # %# #$ ( %
1*1- 11 B 1/ 1+ HHB DIIPI; "8DDP%1
8% # HE(6%&H#' % O *&# %
0+.+5 0+)+1 +) +9 + 4 -+
8 o % @ &H # # & # ot B
1*1- 11 B Ol 1 231IPI"8DDT%1
O0*&#H % % % # H#$ (6 % & # #% (3 # B
11 101 B Ol 1 23B.HTH"8DDT%1
0 *&# % (& % %  # % & # B
101 11 B 1/ 1+ 4 BDIIPDG "8DDI%
6 # o % # # $  # B
101 11 B Ol 1: 1B 53B GRH "8DD8%1
# o % B
101 B.11 B 11 B 1/ 1+  45B DFIP; "8DD:%1
5 % % $ & # B
11 B 1/1 . BRTIT ";GGH%1
(  #& % o # % &# B

11 B 1/1 . B 88GD ";,GGH%1




