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1. Motivation.

2. Our method: How to improve the
perturbation treatment.

3. Equilibrium dynamics, optical absorption

4. Non-equilibrium dynamics, occupation
amplitude of the excited state.

5. A brief summary.



Quantum transition and lattice relaxation
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Quantum transition and lattice relaxation
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H =(E, +¢,q)BB, +(E, +¢,q)BB, + 5 + ma2q?
m

; Zg—zk(b; +1,)(B; B, +B;B, )+ ¥ b,
k k

In solid, g is some configuration



Photo-induced molecular structure trans.

Lower level Upper level

The excited
state may be
of a longer
life time




Photo-induced molecular structure trans.

2
H =(E, +¢,q)B/B, + (E, +¢,q)BB, +§ N ; ma2q?
m

; Zg—zk(b; +1,)(B; B, +B;B, )+ ¥ b,
k k

Two-level molecule with structure-dependent level
Photo-induced structure transition, photoisomerization



Local exciton of cold atom in optic lattice
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H =(E, +¢,q)B/B, + (E, +¢,q)BB, +§ +-mafg
m

; ;g—zk(b; +b,)(B;B, +B;B, )+ Zk:a)kbljbk

q Is for the harmonic trapping potential.
Properties of excited state may by controlled by
the trapping potential.

C,, C,, @y may be adjusted by the laser



yEidtE The model
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H =(E, +¢,q)B, B, +(E, +¢,q)B, B, +2—+Ema)§q2
m

; ;g—zk(b; +b,)(B;B, +B;B, )+ Zk:wkb;bk

%a +—(a +a)o, +m,a a+zgk(b++b )o, +Za)kb+
A-E,—E,, B,, o,=B;B, +B/B,
g, = (C, _C)\/ (a +a) p=i ma)"(a —a)
2Maw,



yEidAE What we calculate
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H :%az +%(a+ +a)o, +a)0a+a+zg—2k(b; +b)o, + Y abyb,
k k

Optical absorption:

o (@) = [dwe™ %Tr ™o (o, 0,0, )]z

Initial state (t=0) Is an excited state

X(t) = (w (0) e ™ |w(0)) oy (0))=|w(0))



YERAAE Unitary transformation
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H :%az +%(a+ +a)o, +a)0a+a+zg—2k(b; +b)o, + Y abyb,
k k

H' =exp(S,)H exp(-S,)

_é +a gZ ( -X X) & + +

=—o,+wa'a-——+loe” +0.e" > (b +b)+ > abb,
2 4(00 K 2 k

Slziaz(ata) X:i(a+—a)
20, @,



Sy xEdd Unitary transformation

SHANGHAI JIAD'TOMG UNIVERSITY

H" =exp(S,)H exp(-S,)=Hy+H/+H;

S, =(o e +o e > I £ (b —b - %

,=ce* 4o, )gmfk(k e

H ="+ oa s Yo, - ng (2 — &)
2 4,

2
|_evel shift: n = eXp[—Z gk2 szj
20,



YERAAE Unitary transformation
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H" =exp(S,)H exp(-S,)=Hy+H/+H;

Wy

S, =(0 e +0.eX )Y & (b —b =
oo Potati-n) G- Tt

Single-phonon transition:

H/ =YV, {bio e X +bo.eX| v =pnIks
K a)k



Unitary transformation
H" =exp(S,)H exp(=S,) = Hy + H/ + H]
H) =H"-HJ-H/=0(g)

H ;’ contain the terms of multi-boson transition

and will be omitted.

4 44 4
H"~ H! +H|



Y XERLLE Purpose of transformation
H = H"=exp(S,)exp(S,)H exp(S,)exp(S,)
unitarity (S = -S
S Is time-independent, the Schroedinger equation
(1)) =H"ly"(V))
w"(t))

d
'Et‘ w(t)) = Hy (b))

(1)) = exp(—S,)exp(-S,)
Time correlation
Tr(e—,BH eiH'[ Ae—th B): Tr(e—ﬁH"eiH"t A”e—iH"t BII)




z =4 SHANGHAI Jiﬂ . } App rOXi mation We use
H " H " H "
1

" A + ’
H! = 772 o, +w,a a+Za)kb 9 Z i (25, — &)

A, 4w,

H/ =SV, {bjo e +bo.e”|
k

Joto all orders J« to second order
All three-body transition terms are omitted

X X

0,9,2a°byo_ e, g,9,ab o_e"
~ ()
gnga+ka+ex1 gogka+bk0+ex



~ Optical absorption

o (o) = [dwe™ %Tr [0, )0, o0, M)]Z

G(t) =-i0(t){o,(t)o, —o,0, (1)),

<>H means an average over equilibrium distribution

density operator exp(—£H)



»#AdAY __Optical absorption
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After unitary transformations

G(t) = -io(t)([e" 0. eXe ™ g e ]
- i(9(t)<[e‘“"tcf_e‘X e o, e” ]>H"

" " "
H"~H!+H]



~ Optical absorption

Approximate decoupling

—I(9('[)<[ Ht —xe—iH't,G+ex]>H”
—IH(’[)<[ iH e—iH’T,G+]>H"<Oa ‘e—xa)ex‘oa>

— — —lwg :g_
(0,]e7*"Me”]0,)=¢ *exp (26 ) A=



By rEiary ~Optical absorption
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I¢9(t)<[ HY —iH'T,G+]>H"

L 4. y(w)e™”
27 90 [0 —nA — R(®)]° + 7* (o)

R(@) = Z

y (@) :”ka o(w—ay)



By rEidst | g ~ Optical absorption
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@,
O'(a))—i A 7(o—-lw,)
7 = I [w-lo,-nA-R(o-1w,)])’ +7°(0-lw,)
When 4 =0
Optical absorption o (@) = 1 y (@)
of two-level atom 7 [o—nA- R(w)]* + 7/2 (@)

When a =0 z Pl
Optical absorption o(w)=¢e 275 (0 — Ia)O —A)
of independent boson =0 '-



~ Optical absorption

y(@—lw,)

o(w) Z

BRBEAETFRE 0: o=1A+lo,

7 = I [w-lo,-nA-R(o-1w,)])’ + 7 (0-lw,)

y(o—law,) = y(nA)

TRE$ B 8% BTt i makeg Rk
64 E A8 T 48 4m



X FLdrY ~_Optical absorption
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Ground state  Excited state

Real process,
energy
conserved
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FSEE -
H&9% 7T
KT A2 R
A8 T
#8 A

40 }

c(o)}

30

20 |

~ Optical absorption

A=0.1, o=0.05, (oO/A:O.Z
—— gO/ooO:O
—— gO/ooO:1
—— gO/mOZZ
g,/0,=3

(I) 5 10 | 1;5
(-A) ey



YERAAE Solution In interaction pic.

. . .d
Interaction picture |Et\w,”(t)> =H,(t) (1))
H(t) = ka { blj-a_ei(a)k—nA)te—X(t) 4 bk6+e—i(a)k—77A)teX(t)}
k

Perturbation to 2"d order in g,

wi(t) =]

4 /

w1 (0))
_ jot dtlHl"(tl)j: dt, H'(t,)|w [ (t,))

The initial state v (0)) = ‘T 0, >



By xEidd Solution In interaction pic.
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Survival amplitude: X(t) = < (O)‘w (t)>

t ! —i(wy, — —
X(t) — 1— J‘O dtljo dt2 kaze (g —nA)(t-t,)
k

< ‘ex(tl - X (ty)

0, )X(t,)

1 e’ d
X(t) S , P >
27 *B A V,

p+¢€ T :
N p+i(w, —nA+1w,)




=]

& x» Occupation amplitude of excited st.

@ =—e" | A. ° de
d w—nA—e—ﬂZF[R(w—lwo)—iy(a)—la)o)]
@)=Y V2 I E#B¢EETF
Kk O — @ BK T LA AT RS & T @K
r(w) =2y Vio(0-w,)  WAATAEA
Wy



&y x# Occupation amplitude of excited st.

Ground state  Excited state

Real process,
energy
conserved




&y x# Occupation amplitude of excited st.

1.0
2
IX()['
—— gO/wOZO
OoF—— g,/o,=1
— gO/ooOZZ
g,/0,=3
A/O)C:O.l, a=0.05, o)O/AZO.Z
0'Oo | 5 | At 1'o



& x# Occupation amplitude of excited st.

t 4 —i(w, — _
X(t) =1- J‘O dtljo dtzzvkze (o —nA)(t—t3)
K

X <Oa ‘e X (tl)e—X (ty)

0, )x(t,)

X(t,) =1 for short time

A" 2sin?|(w, —nA + o)t/ 2]

X(t)=1-> Vie™ > g

(C()k _77A-|- IO)O)2



&y x: Occupation amplitude of excited st.

| 9 ain 2 B
X(t):l—Zsze_ﬁZ/l 25sIn [(a)k 77A+Ia)02)t/2]
|! (o, —nA+lw,)

| X(t) "= exp[ -y (t)t]

The decay rate is modified by the lattice

I - 2 B
rO=223 Ve 2 2sin*{(o, —nA + |a)0)2t/2]
I ﬂt(a)k —nA + lay,)

=yt > o) = 27Z'ZV Ze_’lz 5(a)k nA +lw,)



&y x# Occupation amplitude of excited st.




YERAAE summary
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1. A simple analytical approach is proposed.

2. Equilibrium dynamics, optical absorption o(w),
which Is an incoherent superposition of
absorption spectra for all multi-phonon process.

3. Non-equilibrium dynamics, occupation
amplitude x(t) and time-dependent decay v(t),
which are coherent superposition of all multi-
phonon process with energy conserved.
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