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Abstracl. We discus:, in a ground S18te wave funclion apl roach, pos.sible phases in the quantllm 
Hall bilayer at tolal tilling factor one. 'rhe piclure of the electron syslem lh81 we arrive al is a mixture 

f composite boson (eB) and composite' ermion (Cr.) qUfl~ipartjcles ( Simon et aU I J). For small 
dUances between layers CBs prevail in thc <;upertluid slate. The inclusion of C s with increa<;ing 
distaJlcc briugs ljUdnlunl disordering Ill' lhe liuperfluid slate. The new pha 'es lhal may cume as a 
result of this are Ihe ones with algebraic orr-diagonalillng-I'auge order (ODLRO) or nil order 'II all, 
before the tina) Slate with two dccouplcd layers with CFs and no CB (MlIovanllvitI2J,I'apic ,wd 
Miluvannvic[J I). Compa.risons witll cxperimcnts are made and the relevance uf the bilayer setup as 
n sln'e for nell' topological rhases is discussed. 

The qnantulll ITaIl bilayer ellcctively consists of two 20 electron gases hrought into 
u close proximity. 1\1 lhe lolal filling faclor VIOl = I it exhibits superlluid hehavinrl4, 5J 
when the distance between the layers is of the order I' the interparticle spacing inside 
the layers, A good ground slale tl'ial wave function in this case is: 

\If III ( { z} ,{w} ) =Il (Zi - Zj) n(Wk - WI) Il (2:/11 - W;] ) , (1) 
i<j k<l /II.n 

where z's and w's denote the 2D cOlIl[llcx coordinates in two laylTs and appropriate 
quasipan.icles in the fractional quantum I-Jail (F(211E) telTIlino]ogy arc CBs. What is also 
eonfmned in experiments is: when the layers arc far apart i.e. when they ,u'e decou[lled, 
each layer is descrihed by the 1"ermi liquid-like state, 

Il't/2( {z}) = 11(z; -zjfdet [eikirj], (2) 
i<.j 

where der.[... ] denotes a Slater determinant of free waves and appropl;ate quasiparti­
cles arc C ·s. 

The question comes what happens at intermediate distance, how the transition pro­
ceeds, or might he phrased as, what kind of superOuid disordering can result in two 
Fermi liquid-like states? 

There are two paradigms that we know of regarding the superlluid disordering: (I) 
Berc7.inskii-Kosterlil/-Thouless (RKT) disordering via vol1ex dipole creation and un­
bindin o or 2D XY \Dodd, and (2)). transition disordering via creation and condensation 
of vortcx loops or 3D XY model. The evolution in time of any vortex pair in the first 
case is static and can be represented as in Fig. 1(a), and in the second case there arc times 
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FIGURE 1. Time evoluljCHl of il vortcx-antivnrlex pair 

when the pair is crealCd and annihilated and the pa.ir evolution in lime effectively makes 
a loop as in Fig.l(b). 

To answer Ihe question about the bilayer behavior at intermediate distances, we 
may propose a trial ground state wave function where, classicaly speaking, we divide 
electrons into two groups, one that correlates as CBs and the other as CFs with, at the 
end, I he overall anlisymrnetri/.atiun necessary because all Lhe elect rons are ident ical. 
The intercorrelations between these two groups are also needed and in a 'signing them 
we arc guided by Ihe requirement thal each electron sees so (llany l1ux quanta as there 
arc electrons. So if we denote by a line the Laughlin-Jastrow factor between any of the 
I wo (su b)grou ps, A and B, of electrons: 

TI (ZA,i - ZB,j), (3) 
ij 

we have two possibilities as in Fig,2(a),(b). In Fig.2(a) the inlercorrelations we choose 
mimic the inrercorrelations of the ':IJ III function and in hg.2(b) we bind exclusively in 
the sallle 1ayer like in \P 1/2. Overall,lhere are ['our possibilities if we add a possibility of 
CF pairing denoted by a wriggly line in Fig.2(c),(d). 

A simple, phenomenological Chern-Simons (CS) theory[3] can he constl1lcted which 
will tell us that both in hg.2(a) and Fig.2(c) we have a superl1uid response, in Fig.2(b) 
a response of a disordered superfluid (algebraic decay of correlations at T = 0) with 
compressible behavior and in Fig.2(d) a (completcly) disordered superfluid with incom­
pressible behavior. Fig.2(J) represents a tOlally incompressible state both in charge and 
pscudospin ch~mncl. 

It is the absence of the special cOITelat.ions encoded in Fig.2(d) that can be ascertained 
in experiments where the transition very l.ikely involves the states in hg.2(a),(b). Due to 
the presence of' impurit ies, the quantulll flllctuat ions (Fig.ll(b» of the naively expeclcd 
2 -I- I dimensional quantum phase transition arc frozen out and the transition and dis­
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orderin o pr ceeds in a BKT fashion. In a homogencous system the loop condens:lt ion 
would lead to a totally incompressible slale lhat we fmd in Fig.2(d). Its total incorn­
pressibility and a crcmion through loop condensation signals a possibility that thc state 
represents a topological phase! 61. If we cXfend the quasiparticle content of the supcrfluid 
where next to vOlticity we have the charge degree of freedom and [herefore four kinds 

of quasi particles ("mcrons"[7J), we expecl the simplest U2 (I) ® U2 (I) double CS theory 
(pseudospin liquid) to deserihe the topological phase. .fustlike counterflow sel1ing in the 
experimentsrSI, it is invariant under combined layer index exchange and time reversal. 
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