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Abstract	

We	 construct	 electromagnetically	 induced	 transparency	 (EIT)	 by	 dynamically	 coupling	 a	
superradiant	 state	 with	 a	 subradiant	 state.	 The	 superradiant	 and	 subradiant	 states	 with	
enhanced	 and	 inhibited	 decay	 rates	 act	 as	 the	 excited	 and	 metastable	 states	 in	 EIT,	
respectively.	Their	energy	difference	is	determined	by	the	distance	between	the	atoms	and	
can	 be	 revealed	 by	 the	 EIT	 spectra,	 which	 renders	 this	 method	 useful	 in	 subwavelength	
metrology.	 The	 scheme	 can	 also	 be	 applied	 to	 many	 atoms	 in	 nuclear	 quantum	 optics,	
where	the	transparency	point	due	to	counter-rotating	terms	can	be	observed.	
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such that the states |egi and |gei have energies ⌦c and
�⌦c respectively, the symmetric state |+i evolves with
time |+(t)i = (e�i⌦ct|egi+ei⌦ct|gei)/

p
2. At t = ⇡/2⌦c,

we obtain |+(t)i = �i|�i. Therefore, the states |+i and
|�i can be coupled by a local energy o↵set between the
two atoms. The Hamiltonian can be written as (assuming
~ = 1)

H =!
+

|+ih+|+ !�|�ih�|+ ⌦c(t)(|+ih�|+ |�ih+|)
� ⌦p(e

�i⌫pt|+ihgg|+ h.c.),
(2)

where !± = ! +�± with ! the transition frequency of
a single atom, and we have used the rotating wave ap-
proximation for the probe field. To make the coupling
between |+i and |�i on resonance, we need to dynam-
ically modulate the energy o↵set ⌦c(t) / sin(⌫t) with
⌫ = !

+

� !� = 2�c. With this it is clear that Eq. (2) is
the standard EIT Hamiltonian.

Subwavelength metrology.–This scheme can be realized
by dressing the two atoms with a moving standing wave,
Es = 2E cos(⌫st) cos(⌫t/2 � kx) where ⌫ = ⌫

1

� ⌫
2

,
⌫s = (⌫

1

+ ⌫
2

)/2 and k = ⌫s/c with ⌫
1

(⌫
2

) being the
frequency of the plane wave component in x̂ (�x̂) direc-
tion, as shown in Fig. 1 (b). If ⌫s is far detuned from
the transition frequency !, the dynamic Stark shift is

�S =
2E2d2 cos2(⌫t/2� kx)

! � ⌫s
, (3)

where d is the dipole matrix element between |ei and
|gi. For two atoms with distance r = x

1

� x
2

where
x
1,2 are the coordinates of the two atoms, their energy

o↵set ⌦c(t) = ⌦
0

sin(kr) sin(⌫t��) with ⌦
0

= E2d2/(!�
⌫s) and � = kx

1

+ kx
2

is an irrelevant phase factor.
Meanwhile, this modulation also introduces a universal
frequency shift �u(t) = ⌦

0

[1+cos(kr) cos(⌫t��)], which
generates sidebands in the absorption spectra and can be
neglected if ⌦

0

⌧ ⌫ (see [25]).
The absorption spectra can be calculated by the Liou-

ville equation,

@⇢

@t
=� i[H, ⇢] +

X

j=+,�

�j
2
[2|ggihj|⇢|jihgg|

� |jihj|⇢� ⇢|jihj|].
(4)

Since H is time-dependent with frequency ⌫, the coher-

ence can be expanded h+|⇢|ggi =
P

n ⇢
[n]
+gge

in⌫t. Eq.(4)
can be solved with the Floquet theorem [38] and the ab-

sorption is proportional to Im⇢
[0]

+gg, the imaginary part
of the zero frequency component [25].

The counter-rotating terms of ⌦c(t) can be neglected
for small distance between the two atoms and weak dress-
ing field when ⌦

0

sin(kr) ⌧ �c. We obtain typical EIT
absorption spectra with two absorption peaks and one
transparency point, as shown in the black curve of Fig. 2
(a). In particular, we can observe symmetric absorption
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FIG. 1. (Color online) (a) Two two-level atoms form an
EIT system with the symmetric (superradiant) state the ex-
cited state and the anti-symmetric (subradiant) state the
metastable state. (b) The symmetric and anti-symmetric
states are resonantly coupled by the dynamic Stark shift in-
duced by a moving standing wave with velocity v.

peaks when the modulation frequency to ⌫ = 2�c. Please
note that the probe detuning �p = !+�

0

+�c+⌦
0

�⌫p
has taken into account all the static energy shifts of |+i
state, including ⌦

0

, the static part of the universal Stark
shift �u(t). The e↵ect of the counter-rotating terms and
the universal shift �u(t) emerge either when we increase
the distance between the two atoms or increase the dy-
namic Stark shift ⌦

0

, which is proportional to the inten-
sity of the dressing standing wave. Multiple side peaks
are observed in the red and blue curves in Fig. 2 (a).
We can use the following procedure for the subwave-

length metrology, as shown in Fig. 2 (b). We first re-
duce the intensity of the standing wave to only allow
two peaks to appear in the spectra. Then we tune the
frequency di↵erence ⌫ until the two absorption peaks be-
come symmetric, which yields the collective energy shift
�c = ⌫/2. The distance between the two atoms can be
obtained by the relation between �c(r) and r [25]. Since
�c(r) / 1/r3 for small distance r ⌧ �, the sensitivity
�⌫/�r / 1/r4. Furthermore, a natural preference for this
metrology is that the distance between the two atoms
is small and the dressing field is weak. This is in par-
ticular useful for the subwavelength imaging and for the
biological samples that cannot sustain strong laser field.
Once the EIT is achieved, we can realize other related

phenomena. In particular, we can use the adiabatic pop-
ulation transfer to prepare the subradiant state |�i, by
adiabatically tuning down ⌦

0

and tuning up ⌦p at the
two-photon resonance. The maximum value of ⌦p should
be smaller than �c to avoid populating the |eei state.
The |�i state can be used for storage of quantum infor-
mation due to its long life time [39].
Generalization to many atoms.–The mechanism can be

	

FIG.1	 (a)	 Two	 two-level	 atoms	 form	 an	 EIT	 system	 with	 the	 symmetric	 (superradiant)	
state	 the	excited	 state	 and	 the	anti-symmetric	 (subradiant)	 state	 the	metastable	 state.	
(b)	 The	 symmetric	 and	 anti-symmetric	 states	 are	 resonantly	 coupled	 by	 the	 dynamic	
Stark	shift	induced	by	a	moving	standing	wave	with	velocity	v	


