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Fig. 1. Haldane sphere of radius R with magnetic
monopoles (of strength 2Q) located at the center of the
sphere.
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Fig. 2. The energy spectrum of 10 electrons in the lowest
LL calculated on a Haldane sphere with 2QQ = 27. The
open circle denotes the L = 0 ground state.
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Fig. 3. The energy spectra of 10 electrons in the low-
est LL calculated on a Haldane sphere with the fewest
composite Fermion quasiparticles. 2Q = 28,29, 26,25
The open circles and solid lines mark the lowest energy
bands with the fewest for: 2Q = 28 & ngu = 1 in (a),
2Q =29 & nqu = 2 in (b), 2Q =26 & nqr = 1 in (c¢),
and 2Q) = 25 & nqg =2 in (d).
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Table 1. The effective CF monopole strength 2Q*, the
number of CF quasiholes nqn and quasielectrons nqg,
the quasiparticle angular momenta lqr and lgu, and the
angular momenta L of the lowest-lying band of multiplets
for a 10-electron system at 2¢) between 29 and 25.

2Q 29 28 27 26 25
2Q" 11 10 9 8 7
NQH 2 1 0 0
NQE 0 0 0 1 2
lqu 5.5 5 4.5 4 3.5
lqe 6.5 6 5.5 5 4.5

L 10,8,6,4,2,0 5 0 5 8,6,4,2,0
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Fig. 4. Pseudopotential V(L) of the Coulomb interac-
tion in the lowest (a) and the first excited Landau level
(b) as a function of squared pair angular momentum
L'(L' +1). Squares (I = 5), triangles (I = 15/2), dia-
monds (I = 10), and circles (I = 25/2) indicate data for
different values of Q =1+ n.
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Fig. 5. Pseudopotentials as a function of relative pair
angular momentum R for electrons in the lowest LL (a)
and for QE’s in the first excited CF LL (b). The values
of V in frame (b) were calculated by Lee et al.  [33]
and are only known up to a constant. A is the magnetic
length.
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Fig. 9. The N-electron energy spectra calculated on a
Haldane sphere with different values of 2/ for Coulomb
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model pseudopotential Uy [(d)-(f)].
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Fig. 11. Low energy states of the spectrum of 8 electrons
at monopole strength 2! = 18. The lowest energy band
contains 3 QE’s each with angular momentum Ilqgr = 3.
Reapplying the CS mean-field approximation to these
QE’s would predict an L = 0 daughter state correspond-
ing to v = 4/11. However, the numerical experiment
confirms that this is not valid.
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and v = 1/5 (bottom) states, as a function of relative
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Extrapolation to N~! — 0 corresponds to an infinite
planar macroscopic system.
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Table 2. Novel family of incompressible states resulting
from pairing of composite Fermion quasiparticles in the
lowest Landau level. All the states except the ones indi-
cated in parentheses have been observed in experiments.
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v ||5/13] 3/8 |(7/19)4/11((9/25)|(5/14)|(11/31)|6/17
vaul|| 2/7 | 1/4 | 2/9 | 1/5 | 2/11 | 1/6 | 2/13 |1/7
v ||5/17|3/10|(7/23)|4/13[(9/29)|(5/16)|(11/35)|6/19

o] Froll Y& wf S5 2go] 223 HElA PEfolH
Al R = 1€ 7] 3¢ Laughlin—Jain AHE} 7} veERd T} A
A7 vpp = 1/3,1/5,1/7 2 1/991 FP eSS 4]
(58)8] AAE WA WA tSot= QE AT+
22y vor = 2/3,1/2,2/5 E 1/30]|t}. o] vpp AE]E O]
QE A-&A47F 2/3 > vge > 1/3 Abolof] Eo]& FPE
9] Laughlin Ae]jSojt} HEH oz 297 CF 43AS
71&3t= Al 72 o2 (hierarchy scheme) 2] (49)°]
w2, A2 A A vet vgrd A= o3 2ok

vl = 2pg + (’I’LQE + Z/QE)_1 (59)

AFLpo=1,n =nge =1 % 1n = vge°lth QHY
Aol At 2ol R — 32 QU &S o] £ A
R =53 AEE 719 2oz o 4Hct QH A=A
I/QHO] 1/3 > I/QH Z 1/5 }\]'O]Oﬂ % U:H FP 63@!% 7]EH
¥ 5 ek o9} e QPESl e Yo Tl
A= = v Y=A] Laughlin FP 48] &8 Table 29 U
Blsleh EYARE Abolo] 422 ol Langhlin B ol
ﬂ'?ﬂ VQE = / 1/2 el 2/39} VQH—1/5, 1/4 el 2/701]

Al B gS vt EN 7 IS o]of whet LL A&l
5/13,3/8, 4/11%} v = 5/17, 3/10, 4/13°) A A =
el & oﬂm‘ﬂ 7 A =} Table 29 ﬂﬁ:okﬂ
= AP FAH A e deHiEoly, 1y
AFA F5H AT} [53]. Zl%vw
Al & QPE°] FP Ao I
= JEM ol#{ gt 7} o] AA QP
G HAFde o5 don o]
g’]_z]—o] .ul 0-61— T o]r,].

o] ntek CF LLOﬂ Lok lp =8
F 17747} 7}5 4931 CF QE 107§ 7} CF €] #t
Al 717} 2Q* = 1721 Haldane W] £ Q&
Agﬂ-s}x} QE 2719 2522 Igp = 17/29]

2u] 2] AT Np = Nge/2 =59 492
7—1}'3}?3 FP 2719 & Z 52 L' = 2ipp = 16°| th:

(v = (Np — 1)
4(5—1) =16

Mo oo «
ro, J'{N' I
o

oy
fuj
1=

ot Ho 2
o r2 X
Ao} rlr
1 U (o
£ 32 )

N
o> i
¢

A g“:

O,

2 i o fo 1o 3% do N

doth @ £ 10l e (g
mlm L N e
(@] mln nl.N
2 %
2 I
=

o?:.ﬂoﬁ,ﬁ,uii
il,

2pp = 2(2lgE — 1) —
=207 1) —

=2 E 2|83 ] “A)E2]”, Volume 55, Number 3, 2007d 9¢¥

0.3

-S> - electrons
R —0— oes
AN

E (e2N)

S )

9‘ 11 13 1‘5 1‘7

L 3

Fig. 15. (a) Energy spectra as a function of total angu-
lar momentum L of 10 QE’s at 2] = 17 corresponding to
vqr = 1/2 and v = 3/8. It is obtained in exact diagonal-
ization in terms of individual QE’s interacting through
the pseudopotential shown in Fig. 4. (b) Coefficients
G(R), the amplitude associated with pair states of rela-
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The solid dots are for 10 QE’s of the v = 1/3 state in
a shell of angular momentum ! = 17/2. The open cir-

cles are for 10 electrons in the lowest Landau level at
lp =17/2.
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The occurrence of incompressible quantum fluid states in a two-dimensional system is reviewed
as a result of electron-electron interactions in a highly degenerate fractionally filled Landau level.
Novel quasiparticles (QPs), called composite Fermions (CFs), have allowed a simple single-particle
description of the most prominent incompressible states. The properties of the pseudopotentials
describing the QP interactions are examined. Residual interactions among these QPs determine
the type of daughter states that can occur at the next generation of the CF transformation. We
show that the subharmonic pseudopotential describing the quasielectron (QE) interactions of a spin-
polarized system is different from the Coulomb potential and prevents the second generation of CFs
in partially filled QE shells. The subharmonic potential does not produce Laughlin correlations,
but favors the formation of pairs or larger clusters of QPs. Laughlin correlations are explicitly
shown not to occur for the lowest energy states in the spectrum when the pseudopotential is not
superharmonic. This new type of pairing correlation leads to a nondegenerate incompressible ground

state.
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