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INTRODUCTION Experiments have already shown that pulses System
slow down and can be eventually stored in a e sch ” "
S, delocalized collective state of an atomic ensemble For the scheme, we consider a wavegulde, a
One of the most counterintuitive ising of three Lambd f 56 hollow fiber for example, and two quantum fields E; .
characteristics of one-dimensional electron gases comprising of three Lambda type of atoms [5,6] . L
it o o e eloct 2) i i and E, , which propagate towards both the left and
IS spin-charge separafion. In this case the electrons W(z,t) = cosb(t)E(z,1) right directions. The fiber is filled with atoms of type a
cease t((’j behhave a; Z‘”?'etpa'g'delf cct)_mprlsed of E(z,1) Q(t) — sinf(t)VNG13(2,1) and b. The two quantum fields couple to the two
spin and charge [1,2]. Instead collective | 3) g*N species of four-level atoms a and b in the fiber, and
excitations appear carrying only charge (no spin) iy vg = ¢/(1+ "55") also two classical, counter propagating control fields
or only spin (no charge) which propagate through Generalize to the case of counter propagating Q,, and Q,, are driving the intermediate transitions.
the system with different velocities. In this work classical fields incident from both left and right. They ’ |
we show that stationary polaritons (light-matter will form a standing wave and trap the quantum 2
excitations) [3] generated inside a hollow one- fields. 2)
dimensional waveguide filled with atoms, can be A Ot N I . N
made to generate a photonic two-component Lieb E(z,t) O v= > Luttinger liquid of photons
Liniger model [4]. LG —
1) 3) Wk Wr] = Ok 1 Step One — Loading of the light pulses: The control

fields ©, ,, are kept on until the quantum fields
completely enter the fiber and then are adiabatically

2
= — i) / de{—wiy o5y + (—w!) + ASP)o5y switched off. S
i=1 Step Two — Nonlinear dynamics: Adiabatic switching
+ (—wdP — Wc(f) — AP on of all th_e control fields €, ,, will create an effective
Bragg grating that traps the quantum pulses.
4 a’bm(o_a’b 4 O_a,b) < _ g - ]
9; 21 43 Simultaneous "shifting in" of the 4th level in each
(E?; Leilkalz—wil) | fo _ei(—kéﬁz—wéﬁft)) atomic species, will allow for the creation of the
| | necessary nonlinear interactions.
a,b
T Og3 X ([ 1 " Ui 5,
(Qw(ﬂei(;ﬁg;uwg;u) _|_Q?:(t)ei(k£f)z+wgf)t)) H = h / dzq Y 5 0= W1 (2)0:04(2) + 507 (2)
? ? . Z - -
+ Hc.j +Viap1(2)p2(2)}
a,b_ (1,2)
n A 1 _ 4A, Vg
pz(z) — \DI(Z)\PZ(Z) mio byt
.. 1D "'"=
n,2P— densities of the atoms a and b | o)
| _ _ _ (99?98’ wY | w(98)* (ah) v _Tipre
E,,. —quantum fields Q, ,, — classical control fields Vio = (7500 (g alue Ui2) = wNE
3 4
To achieve the necessary strong repulsive Spin-charge separation Measurement
Interactions to reach the spin-charge separation
regime, U, , and V, , should be positive and larger With v,=v,=v and K,=K,=K the Hamiltonian becomes By switching off one of the counter propagating
than the kinetic energy. > . U , classical fields, the correlations will be transferred
" | - He = / %[UCKC(C%@C) - = (02 9c)” ] from the polaritons to the propagating photon pulses.
vilé) are th_e cor_respondlng velocme_s for each of the c The corresponding charge (spin) density waves will
Clil(égll)’ltumlf(lze)|d2 In an GT%YQW&?Q?QU'C'E and 0o / dz WKL (0,0.)? - Us (D,6)? transfer to time dependent photon intensities
vg " =0 Q) /[(g12)) 1] the i o RN g T n; = (E! B, ) which can be measured by standard

9 optical techniques probing cross-correlations. The
+ 2(Vi+ V2) py cos (\/é%) spectral function for momentum g has two peaks — one

Where 6. . = (0,% 0)N2, ¢. . = (¢,% ¢,)/N2 and at w=v_g and one at w=v.q for OD = 3000, # = 0.4 and
According to Luttinger liquid theory es = (0 Kl) os = (91t 91 10 phOStC(I)nS 1 each pulsec.q ’

pi(2) = [po,i + 0x0i(2)/7][1 + cos(2mpoz) + 2¢)] Kes = NIV AL The spin and charge A

corresponding group velocities of the untrapped
pulses under the corresponding EIT conditions.

: - 12¢ ’
with W, (z) = e_lei\/po@ for the two polaritons. " \/ Vit Vo) K . of |
. ! . . velocities ar = + =112/ with ReS(2+) st /I
From the Luttinger theory we find the velocities v, clocities are ucs = uy/1 == 8:;
and the parameters K. defined as Nes = N1 T no and n; = <\p3§\pi> | 4‘
The resulting difference in those velocities is known as
v = \/Po,z'Uz/mz K; = W\/Po’z/szz . spin-charge separation. .
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