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Abstract

Refractive index Change & Photonic band strucure w The NPS will induce a transverse vettor (i ) i=~—— %o T 1 ,withitand%dbeing the unit vectors.

1 andi will drive the honeycomb lattice move radially and azimuthally along @vith

A A photonic Floquet topological insulator (PFTI)in an atomic ensemble is demonstrated numrically and - nv AT . Figure2. Refractiveindex (R1)a¢ afto
theoretically. _ ' . ; ¢ " i - o TMHz (3), Figure6. Bandstructureswhenthe
A Theinterference of three couplingfields will split energylevels periodically,to form a periodic refractive index : . @ & @ ' MHz(b), WMHz(c), X MHz(d), @ ho_neycomb waveguides are not
structure with honeycombprofile that can be adjusted by different frequency detuningsand intensities of the : : : ) & @ n MHz(e), uMHz(f), T MHz(g), © spiraling(a) andspiraling(b).
couplingfields. R ) s o e MHz(h), ¢ MHz(i), p MHz(j), 0 (K), (c) _Edge band structure of Fhe
A When the honeycomb lattice sites are helically ordered along the propagation direction, gaps open at Dirac - A » m B V- 1 MHz (1), 2 MHz (m) 3 MHz(n), 4 MHz st_rame_d honeycomp waveguides
points, and one obtainsa PFTIn an atomic vapor. Pl v o i = 48 "o e” (0), 5 MHz (p), 6 MHz (q), 7 MHz (1), 8 with mgzagboundangs (d) Same
A Theappearanceof Diracconesand the formation of a photonic Floquettopologicalinsulator canbe shut down by D b g . v MHz(s),9 MHz(t), and 10 MHz (). as(c),but correspondingo (b).
the third-order nonlinear susceptibilityand openedup by the fifth -order one.
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A 3 3 1T Honeycomblattice
iIs composed of circlelike
structures, becausethe RI at the

Introduction

sites is the smallest and the RI
immediatelyaroundthe sitesis the

Recently,topologicalinsulators (TIs)have attracted much attention, sincea TI, as a new phaseof matter, only allows L biggest inverted triangle presentsthe PFTI

conductingelectronsto existon the surfacesand the movingelectronsare not affected by defectsor disorder Thereare : 3 3 1: No honeycomb with  modulated RI and zigzag

edgestatesin Tlsthat lie in abulk energygapin momentumspaceandare spatiallylocalizedon the boundariesof the Tls : ‘ N . 28 lattice - homogeneousmeidum boundaries The parameters are

Theedgestatesare predictedto be usefulin performingquantumcomputations Topologicalinsulators aswell assome : ' 3 3 1T Honeycomblattice 3 3 p MHz, » puv,

graphenebasedstructures, have also found potential applicationsin optical modulators and optical diodes Photonic 7 Is composedof the sites, because Y ¢ ®& nm, and — 1@ GHz

topologicalinsulators (PTI3, fabricated by using metamaterialsor helical waveguideg 1], can break the time-reversal the Rlat the siteisthe biggest (the periodis ~1.2 nm).

symmetryandleadto onewayedgestates,whichare robustagainstdefects (el-e3) Same as (c) but under
Sofar, researchon PTlIshasbeen mostly basedon graphenelike structures A honeycomblattice also exhibitscertain ; ' Figure 3. Photonic band structures 3 3 pp MHz, wMHz,

graphenelike properties and can be obtained by using the femtosecondlaser writing technique or the three-beam ‘ y correspondingo Fig 2. Insetsin (s)(u) and YMHz,respectively

interference method [2-5]. Thefirst method is valid only in solid materials,whereasthe secondmethod canbe usedin only showthe uppertwo bands (f) Beampropagatesto & T& * |

both solid and gaseousmaterials We note that the three-beam interference will generallyinduce a hexagonallattice with adisorder

instead of the honeycomblattice. However,the correspondingrefractive index modulation will exhibit a honeycomb - | A 3 3 1 There are always

profile in a saturablenonlinearmediumor an atomicvapor Theinterferencepattern (in the form of a hexagonalattice) ; Dirac cones between upper two Figures.

produced by the three-beam interference will exhibit many pairs of singularities,and the band structure of the bands (al-a3) Realpartsof ... | ( )|'O|

correspondingefractiveindexchange( in the form of a honeycomblattice) will feature conicalsingularitiesat the corners 3 3 1t NoDiraccone oy _

of the first Brillouin zone In an atomic (e.g. rubidium) vapor, when the three-beam interference pattern servesas the -1 0 ,'1 0 1 3 3 T : Appearance of and... O, respectively

dressingfield, the dressedatomic systemwill exhibit controllableoptical properties,which were extensivelyinvestigated Dirac cones between upper two (b) RI with ... S )I'OI and

S )|'O| considered Parameters

ky ky
in the pastdecade bands can be controlled by
R v R Y | Q ¥ adjustingfrequencydetunings
/ justingfrequency: g

/. 4

The model 47;?/‘ }v‘ }v‘ ,V‘ }V‘ ,V‘ ,Vl?o‘l Figure 4. Photonic band structures
ke T ky

are 3 1, 3 pT1m MHz and
‘O p WMHz
(c) PBG structures for RI with

), ... +.20] (), and

corresponding to 3 3 X® o
MHz (a), 7.64 MHz (b), 7.65 MHz (c),

A Aninverted Y-type electromagneticallynducedtransparency(EIT)system,ashownin Fig 1(a). B 7.66 MHz (d), 7.67 MHz (e), 7.68 MHz . - o)+ _ o] ()
A 'O probesthe transitiongm©® & O drivesthe transitiond® & and’O connectspd® Lol (f), and 7.69 MHz(g), respectively consideredyespectively
A If three couplingfields are usedwith the samefrequencyand launchedalongthe samedirection ¢, the resultingRabi|
frequencyof suchopticallyinducedinterferencepattern canbe written as 0 Figure5. (a) The Rl changealong the
o . G xow A A A cross section w 1t versus different
O O AGER(GAT-0 ¢OEDIh Y frquencydetunings (b) RI ghange_in Conclusions
A — rit* Toh* o arethe relative phasesof the three laserbeams, tzh]? © gplane,;oréespondmgo g_'g
A "Q isthe wavenumberof the couplingfields, ()'_ (c) Sameas(b), but corresponding : ) : )
A "O ‘' 'O representsthe Rabifrequenciesof the couplingfields where®  isthe electricdipole moment to Fig 2(p). A Wehaveproposeda schemefor constructionof PFTI$n multi-levelatomicvaporensembles
A Leve|g)acanbe dressedby the couplingfieldsand splitinto two sublevelss aands 0 asshownin Fig 1(b). A a3 -~ m: No potential A Theformed PFTISn atomic ensemblescan be easily controlled and reconfiguredby adjustingthe frequencydetunings
barrier betweenlattice sites couplingfield intensities,and high-order nonlinearsusceptibilities
3 3 11 Potential barrier A ThePFTIshouldalsoexistin other typesof multi-levelatomicsystems
blocks the hopping between
nearest neighbore sites With the
increasing of the frequency
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