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Background of the Rabi model:Why quantum Rabi model?

* Originally, Rabi model was proposed in 1936 to deal with the effect of a varying,
weak magnetic field on an oriented atom possessing nuclear.

Rabi | I. On the process of space quantization[J]. Physical Review, 1936, 49(4): 324.

*  With full quantized field, we get the quantum version of Rabi model, describe as
H(QRM) = 5 hw, + hopd'a + hg(6, +6.)(at + a)
it can extend to Jaynes-Cummings model via the rotate wave
approximation(RWA)(g < w;,)
Agcm) = Fhwd, + hopata + hg(ag, +ats.)

* Recently an analytic solution has been proposaled that cover all the coupling
regime and experiments has push into the USC/DSC regime, where RWA, JCM is not
applicable, and full QRM is required. (USC: 0.1 <g/w,,, DSC: 1 <g/w,,)

Braak D. Integrability of the Rabi model[J]. Physical Review Letters, 2011, 107(10):
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Recent achievements in USC/DSC regime
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Experimental setup and proposal to simulate QRM with

trapped ion system
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Pedernales J S, Lizuain I, Felicetti S, et al. Quantum Rabi model with trapped ions[J]. Scientific reports, 2015, 5.

(CQlI, IS, Tsinghua University, Beijin Kihwan Kim's group September 7, 2017



lon-light interaction

The total Hamiltonian of the ion-light matter interaction include three
parts, written as

H="H,+ H. + A (1)

Here I:Im of the motional model X can be written as
N ata 1
Hm = hwx(3'a + 5) (2)

H describes the internal electronic level structure of spin down|]) and
spin up |1), written as

fe = h%gz (3)
the ion-light interaction part
N Q ST LT
iy = (0 + 0 (e RF0)  emiliR-wtto), (4)
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lon-light interaction

In the interaction picture I:Io = Flm + I:Ie, A =w—wyF
o If A =0, we get the carrier transition Hamiltonian,

hQ2

Hear (0) = (647" + 6€7). (5)
o If A = —wx, we get the red sideband transition Hamiltonian or the
Jaynes-Cummings(JC) coupling,
~ ihnQ) . .
Hic (¢) = Ll (6-3"e" — 5,2¢777), (6)

o If A = wy, we get the blue sideband transition Hamiltonian or the
anti-Jaynes-Cummings(aJC)coupling

~ ih Q A A _" A AI'
Hasc () = "27 (6,57 — 5_36/%). (7)
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Simulate Quantum Rabi model

@ Remind that the Quantum Rabi Model(QRM) is written as
N 1
Ar = Ehwa—z + hwma'a + hgé(a+ ah) (8)
@ In our system, if we employ a new transformation
H, = VIRV + ihdd—VtT\A/ under V = exp(—iHg,t/h) where
I:IOV = %hw\,&Z + hw, 373 is the free energy of the virtual trapped ion

system. The resulting Hamiltonian in the interaction picture reads

.1
A, = §hwv6z + hv,aa

+ hQ[eiwei(w/—w+5w)ta__ + e—iwe—i(w/—w+6w)t6_+]
- Ih% éefi(zlf&/)t + éTei(uféu)t]
2
> [eitbei(w/—w-l—éw)ta_i + e—i¢e—i(w,—w+5w)t6_+]
Here, the virtual detuning parameters are detuned as dw = w — w,
and dv = v — v, For simplicity, we choose ¢) = 7 from now on.
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For wy = (w — 0w) + (v — dvy), we again get the anti-JCM-type
Hamiltonian

Q
i fhéwaz—l—héz/aTa—i—h 77(a _+4T6,) (9)

For w; = (w — dw) — (v — dv ), we again get the JCM-type Hamiltonian

~

i fh&uaz + hovata+ hQ"(aa+ +ate) (10)
Now we come to the time-evolution of a quantum state under the sum

Hy + Hy = hdwd, + 2hévata + hQ—ox( +3f) (11)
The striking similarity between the QRM Hamiltonian 8 and Eq. 11 leads

to the interpretation of s pesudo effective atomic and trap frequency given
by w = 20w, wm = 20v and g = 5 82
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Spin and ion evolution at di t coupling regime
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Phonon bounce back and forth in the DSC regime for the

degenerate wy = 0 and non-degenerate case wy # 0 case
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Adiabatically prepare the ground state in the DSC regime
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Energy spectrum

Add modulate field that break the parity

Amodulate = ’:IQRM + 8gg * hQ&X (12)
Amodulate = I:IQRM + 888 * hQ"?(é + éT) (13)
a C
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Group photos
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Thanks for your attention!
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