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The model

=0

Molecules only,
either MI or SF phase

'\

i

t=>0:

Photoassociation/dissociation
laser switched on

o

Collisions, tunneling, Mott insulator vs. superfluid, ...
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Spin-Boson lattice Hamiltonian

Hge = H¢ +Hy +Vy,

e Fermionic atoms:
H, =ho d 0t -3, Y (f1f, +He)+hU, D nin)
i,o (ij),o i

tunneling collisions

e Bosonic molecules:

Hy =7(@y +@,) D 0 —hd, > (bb; + H.c.)+%hub2nib (n?-1)
i (ij) i

 Photoassociation:
Vi =g (f1flb +Hc)+AU, > nlin

photoassociation
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Fermions: Strongly confined regime

zJ. U U,

- Treat tunneling perturbatively
e But: fermionic pairs created at same site by photodissociation

— Eliminate unpaired states adiabatically
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Spin-boson Hamiltonian

Pseudo-spin representation:

SiJr = f% fiI |ei><_>‘1'T,i 1¢,i>
5 =f, fy Si+ Si_
1/ ¢ f
st =—(n>+n; —1 |gi><_>‘0T|i 0¢,i>
I 2( it i )

Hy = H, =heo, ) (25! +1)+ 7,3 (s's] +8's) = ss])
i (ii)

Vir = Vo = iU, D (257 +1)+ ng Y (b's +H.c.)
| | o,=w, +U, /2
Spin-boson Hamiltonian!

J.=437/U,
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Gutzwiller ansatz

vo)-[1[% 5 0 wha)

i=1 ni =0 Oj :—1/2

OF Fermi pair occupation of site i

n. Bosonic occupation of site i

e Time-dependent variational principle:

0
of (i)

N0

.. 0
<‘P(t)‘|ha—HSB

‘I’(t)>:0
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Initial molecular ground state
(No photoassociation)

—vl2 (\/;)
- Superfluid: U,/z2J,01 f =e T
- Mott insulator: U, /2], [] 1 fn,i = 5n,v

e4_
=)
@

superfly
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Generalized Jaynes-Cummings dynamics

J,,J, =0

H = 7(o, +a)b)Znib +Zha)s (25§i +1) +th(bfs;i +bis;)+%hub2nib (n,b —1)

MI phase

superfluid

Gutzwiller dynamics

2),/g=.1
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Generalized Tavis-Cummings dynamics

zJ, 0 ¢

e Extreme superfluid regime

e Single-mode approximation for molecular field

U,/2J, 51

H — ad,n, +h—g[bosf‘ +b§Sj]+%n§

. N,

4 4
S¢ = Zsfi Collective spin operator
i

5, =5-123, - 20U,
U,=U, —4U,,

mmmmd Collective oscillations between atoms and molecules
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Classical limit

Tavis-Cummings

Gutzwiller (zJ,/g =20)

Classical
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Gutzwiller mean-field dynamics

vo)-[1[% 5 0 wiha)

i=1 \ n,=00;=-1/2

i a;"tﬂ Sl AR INCE AR R S
~2J, | ' n+1f,, + 0Nt ]
+(212),[A°f,  + A —20Mf, ]
®(t)=(b(t)) bosonic order parameter
A(t)=(s;(t))  fermionic pairs order parameter
M (t)=(si (t))  pseudo-spin magnetization
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single—site

dynamics :‘:: perative
' dynamics
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10 |:|-
zJ /g

b~

Separation between superfluid and MI initial conditions
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2), /g =10
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Gutzwiller dynamics




Gutzwiller probabilities

\

Remember: “P(t)>=ﬂ[i f fnf',LI (t)‘ni’0i>j

i=1 \ n,=0 gi=—1/2

‘2
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Self-trapping transitions

U, /zJ, =1.50 U,/z), =1.86 U,/zJ, =1.87

“coherent” self-trapping transition

U, /2], =4.70 U,/z], =4.71 U, /2], =5.50

“incoherent” self-trapping transition
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Self-trapping solutions

Gutzwiller | Molecular number fluctuations

Physical origin: quartic term in classical potential

\ (<no>) - 8Li\|0252 <no>4 +("')<n0>3 +("')<n0>2 +("')<no> ; U, =U, —4U,
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Summary and outlook

e Weak molecular tunneling regime: Jaynes-Cummings dynamics

e Strong molecular tunneling regime: Tavis Cummings dynamics

e Coherent and incoherent self-trapping transitions as function of
U,/zJ,

NEXT:

e XXZ terms (intersite spin-spin coupling)

e Strong fermionic tunneling
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