Enhanced Quantum Interface with
Collective lon-Cavity Coupling



What they have done

In this paper

» Made entangled two-ion state

1. Observed enhanced/suppressed emission by maki
ng | Y1)

2. Transferred quantum information onto a single ph
oton with enhanced emission probability
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State preparation

(]

. _ (©) (ISD) + [DS))/ V2
By using Mglmer-Sgrensen gate operation, A

prepares [®) = (| )| Y+ | ) D/V2

“global” 729 nm laser rotates the state /2.

Woy= () Y+ 1) NIV2
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phase of 7/2 rotation (1)

“addressing” 729 nm laser, coupled only one ion, contributes a phase t
0 the entangled state. (By inducing ac-Stark shifts)

WCN =N+ 1N NN2



Mglmer-Sgrensen gate operatio

N

* The ions are initialized in | )| ).

« After atime T=1/ =55us, with a detuning
two ions are prepared in the entangled state |®) =

A+ 1) DIv2,
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Populations of the states | )| ) (red diamonds), | )| ) (blue circles),and | )| ) or
| ) ) (green triangles) as a function of the Mglmer—Sgrensen gate duration.



State preparation
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By using Mglmer-Sgrensen gate operation,

« prepares [®) = (| )| Y+ | )} N/V2

« “global” 729 nm laser rotates the state /2.

s W= (D )+ NIN2
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« “addressing” 729 nm laser, coupled only one ion, contributes a phase t
0 the entangled state. (By inducing ac-Stark shifts)

s WCN=() Y+ 1))V

| Y= () )Y+ 1) NIv2
=AY NIvV2



Sub/Superradiant states

e Interaction Hamiltonian

1 2
Hint =9pp (‘71(929 - JEDL)D)QT‘F

QO (emgll) 4 eitra g )Y h.c.,
Under Raman redonance condﬁi%)w

=> Hyy = hg(eW) + e“6?))a" + H.c.,

Where = 1= 5

W)= 1w =)
W)= W = -+ )
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Photon detection prob.

Photon detection prob. had been measured on states, |W( )), |W;) and |W¥,).
« Where, W)= [ )] )W) =1 ) )l )=13% 5, =3/2

« For = 0.6 8,theratiois0.22(9)=>|¥ )= |W( = 0.6 8))

« For = 15 8, theratio is 1.84(4) => |W )= |W( =15 8))

A temporal shape is determined by g for initial time.

A temporal shape is determined by cavity decay rates and off-resonant scatte
ring rates for later time.
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A guantum interface

with enhanced coupling of the superradiant state

wen=(0)MNHr+ |
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| ) - | ) transition produces
a horizontally polarized photon | )

| 'Y = | ) transition produces
a vertically polarized photon | )
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A quantum interface

with enhanced coupling of the superradiant state

 Reconstruct process matrix by using 4 orthogonal states

L= tnl =1
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Fidelity between 6 us time window
: 93.3% vs. 90.9%
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Enhanced coupling also increases
cumulative process efficiency in the (
short time window (~55 us)

B
o

[\
T T

efficiency (%) £ process fidelity (%)

\/ 12(C 12)+ 1)

0 10 20 30 40 50
photon detection time window (us)



