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Spectroscopy
via Lattice Modulation

------------------------------------------------------
- *

static lattice potential
V(z) = Vysin?(kx)

.
-----------------------------------------------------
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Spectroscopy
via Lattice Modulation

---------------------------------------------------------------------------------
* *

------------------------------------------------------
- *

static lattice potential amplitude modulated lattice
V(z) = Vosin®(kz) ﬁ> V(x,t) = Vo[l + Fsin(wt)] sin? (k)

. .
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Spectroscopy
via Lattice Modulation

---------------------------------------------------------------------------------
* *

------------------------------------------------------
> *

static lattice potential amplitude modulated lattice
V(z) = Vosin(kz) = Ve, 1) = Vo[l + Fsin(wi)]sin?(ka)’

. .
--------------------------------------------------------------------------------------------------------------------------------------
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Spectroscopy
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---------------------------------------------------------------------------------
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static lattice potential amplitude modulated lattice
V(z) = Vpsin?(kz) ,; V(z,t) = V[l + Fsin(wt)] sin®(kx)
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Spectroscopy
via Lattice Modulation
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static lattice potential amplitude modulated lattice
V(z) = Vpsin?(kz) ,; V(z,t) = V[l + Fsin(wt)] sin®(kx)

*
................................................................................

---------------------------------------------------------------------------------
* *

oSNNS AR NN RN RN R R R R A RN RN RAARRNREAARAREEERERSEREARRASRAR R ANRRARS Ittr-m111:;‘-iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiff i 60
/ ~
440 ™~
=)
; &3
|
AN
20 K
N——"
wd

2l PR S A |
100 1000

J. Phys. B: At. Mol. Opt. Phys. 39 (2006) 4547

02.03.2009 | TU Darmstadt | DPG 2009 Hamburg | Markus Hild | 4



From the Schrodinger Equation
to the Equations of Motion (EOM)

llllllllllllllllllllllllllllllll
*

@

- phonon operators

Schrédinger equation :
|:\' > E QT’0> = [p) gl ‘
Hlv) = E,|v) V‘O : - variations 6Q
. v . :

exhaust the whole

*
llllllllllllllllllllllllllllll

(0/[0Q, [H, QL]]|0) = (E, — E){0][6Q, Q}]|0)

» “complicated” reformulation of the Schrodinger equation
» requires the groundstate

» offers “handles” for approximations: and
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:.‘(Systematic approach ) ...................................................................................................... .

expand phonon operators in terms of particle-hole (de-) excitations cL (ci)

.
-----------------------------------------------------------------------------------------------------------------------------------------------------------

simplest expansions of phonon operators

Tamm-Dancoff Random Phase )}, ’
ApprOX|mat|on (TDA) Approximation (RPA)
Qi — Z xWet k QT — Z (V) ZY( V) . i higher :
4 k o Rems

1 particle - 1 hole excitations +
de-excitations

.
------------------------------------------------------------------------------

1 particle - 1 hole
excitations

* g
----------------------------------------------
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Particle-Hole Operators and the
Bose-Hubbard Model

.-(system properties ) ---------- . :@round-state approximation}‘_
e filling factor N/I =1 :> N
: e strongly interacting U > J ’RPA, 0> ~ |1> | B 1>

------------------------------------------------------------
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.-(system properties ) ---------- . :(ground-state approximation}‘_
.« filling factor N/I =1 :> -
. * strongly interacting U > J ’RPA, 0> ~ |1> | B 1>
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naive ansatz ;
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Particle-Hole Operators and the
Bose-Hubbard Model

.{system properties ) ---------- . :(ground-state approximation}‘_
e filling factor N/I =1 :> N
: e strongly interacting U > J ’RPA, 0> ~ |1> | B 1>
C,:rj = azaj
naive ansatz :> just hopping in opposite directions
C,; = a;a,
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Particle-Hole Operators and the
Bose-Hubbard Model

.-(system properties ) ---------- . :(ground-state approximation}‘_
e filling factor N/I =1 :> N
: e strongly interacting U > J ’RPA, 0> ~ |1> | B 1>

------------------------------------------------------------

. o
---------------------------------------------------------

1

C;rg NG ala a;a; [ > creates ph-excitation
1

C.. = — ;ra;ra-a |:|'> destroys ph-excitation
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Solving RPA
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--------------------------------------------------------------------------------------------------------------------
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Solving RPA

*
----------------------------------------------------------------------------------------------------------

-------------------------------------------------------------------------------------
*

A= (0l[ck, H,c[]j0) = A,

Bkl — _<O|[C/€7H70l]|0> — Blk?

Su= (Ollex,e/ll0) = Su,

T = (Ollck,ci]|0) =T
[A,H,B) := 2 (A, [H, B]] + [[A, H], B)

. *
.........................................................................................
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Solving RPA

--------------

*
--------------------------------------------------------------------------------------------------------------------

:‘{ provides ) ......................................... .

»excitation energies L. <
»excited states |E,,) via (X.,Y)) :

-----------------------------------------------------------------
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Solving RPA

--------------

*
--------------------------------------------------------------------------------------------------------------------

.‘< provides ) ......................................... .

» excitation energies E,q <
. »excited states |E,,) via (XV,Y)

-----------------------------------------------------------------

( strength function ) ............................................... ‘:

2D RE) = Y0 Buo) [0H, |,

.
--------------------------------------------------------------------------------------------
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Solving RPA

--------------

*
--------------------------------------------------------------------------------------------------------------------

.‘< provides ) ......................................... .

» excitation energies E,q <
. »excited states |E,,) via (XV,Y)

-----------------------------------------------------------------

( strength function ) ............................................... ‘:

> Rw) = 36w — Bvo)|(01H,|Ex, )

(v)

transition amplitudes

.
--------------------------------------------------------------------------------------------
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Results I: 1U Resonance
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Results II: 1U Resonance
Varying U/J

30 particles
30 sites

—— centroid

» centroid slipping-off w = U
towards superfluid regime
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Conclusion & Outlook

@®@RPA offers numerically efficient access to the strength
function (solving a single eigenproblem)

@can be easily extended via generalization of the phonon
operators

» adapt to other lattice topologies via additional matrix
elements (e.g., superlattice potential)

» improve on the resonance’s width via correlated ground-
state
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