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Eigenvalue decomposition of meson correlators
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Euclidean space hadronic correlators are computed in quenched QCD at a small quark mass using trunca-
tions of quark propagators which include or exclude low eigenvalue eigenmodes of the Dirac operator. High
modes provide the dominant contribution to parity averaged correlators, especially at short distances. Differ-
ences of correlators of opposite parity receive most of their contributions from low modes and are much
smaller in size than parity averages at short distances. The pion propagator in any correlator to which it couples
receives a large contribution from low modes, while the tensor meson correlator receives a tiny contribution
from low eigenmodes.
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[. INTRODUCTION main contributors to the strong interaction observed in the
pseudoscalar current-current correlator.

Are all hadrons alike? This question was asked most fa- High modes contribute strongly to hadron correlators at
mously[1] in the context of QCD sum rules, but it appears short distance, where the correlators would be dominated by
repeatedly in phenomenological descriptions of hadroni€Xcited states. They contribute less to the long distance part
structure. In this work | investigate a particular kind of simi- of meson correlators. They do not make a major contribution
larity: how eigenmodes of the 4-dimensional Dirac operatof© Parity asymmetric correlators. In this sense, valence

contribute to Euclidean space hadronic correlators, and sguarks in high-lying states decouple from the condensate.

(indirectly) how these eigenmodes contribute to hadronic! NS also means that even for light quarks, chiral symmetry
reaking and confinement are not directly related. These ob-

spectroscopy and couplings in different channels. M result? . .
P by Ping y ervations are rather simple, and perhaps one does not need

might have implications for the questions of whether excitetfattice simulations to make them. | suspect that no ohenom
states of mesons show features of chiral symmetry restora- ' P P

tion (namely, that the masses of various states, and their co gnologist will find them surprisingaithough | suspect that
. Y . T Yitferent phenomenologists will be unsurprised for different
plings to currents, show degeneragjeshat the origin of

. . i reasons Instanton models plus lattice simulations have also
these.features might be, and how excited states differ fror‘geen used to compute the amplitude for chiral mixingﬁf
lOWLz![?cgems?riouqa?itg:\?.encode “snapshots” of the QCD correlatory 6,7]. Referencg?2] also observed that the lowest
v m. and Id presumabl ddrrt)ass Lestions about tei?:_:;envalue modes had a large autocorrelation in both density

acuum, and could presumably ac N . Q\ d chirality at short distance, which slowly dies away as the
composition of hadronic states. This subject has been 'nve%ﬁgenmode rises
tigated beford2,3]. The idea is to compare the behavior of '

. _ _ Analyses of hadronic spectroscop$—14] have been
hadronic correlators built from quark propagators which cor- seq to argue that excited states of the meson and baryon

respond to a truncated set of eigenmodes of the massleggectrum are effectively chirally restored, in the sense that
Low eigenmodes of the Dirac operator saturate the pseudgs argued that this “effective restoration of chiral symmetry”
scalar and axial vector correlators at large distance and cofs a natural consequence of the soft nature of chiral symme-
tribute somewhat to the nucleon channel, less so the VECthy breaking: generally in quantum mechanics, low excita-
and Delta channels. They also make the dominant contributions are sensitive to symmetry breaking but high excitations
tion to the eta-prime channel, as expected from the Wittenare not. For mesons, the crossover to chiral symmetry is
Veneziano formuld4]. In this work | revisit these studies, argued to occur in the range 1.5-2 GeV.

with an eye toward contrasting the Dirac eigenmode compo- In perturbation theory, correlators of currents which are
sition of the long-distance part of hadronic correlators withchiral partners of each othdthe vector and axial vector
the short-distance parts, as well as the composition of correurrents, for exampjeare identical, because QCD is a vector
elators which are sums and differences of parity partnggs ( theory and chirality is conserved at all quark-gluon vertices.
and 1,y; andv; ys). All these calculations reveal the follow- Condensates allow one to parameterize nonperturbative
ing qualitative features of mesons in quenched QCD: Lowphysics, and can lead to differences in correlators. However,
eigenmodes of the Dirac operator do not affect the part ofQCD is a confining theory, and the spectrum of QCD is one
correlators where high-lying states appear. These low modesf bound states, so identity of the correlators must have con-
are the ones which determine the quark condensate via trequences for spectroscopy and matrix elements. That is es-
Banks-Cashef5] relation, as well as eigenmodes “at the pecially true for the largéN, limit of QCD, where all exci-
QCD scale”(a few hundred MeV. Other ways of describing tations are narrow resonances. Arguments based on semilocal
the properties of low modes are that they are strongly influduality favoring effective chiral restoration at high excitation
enced by chirality-mixing interactions, and that they are thehave been madé.5], but have been criticized as being cutoff
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dependenf16]. A summary of ideas supporting chiral resto- cated on a circle in the complex plane of radigswith a
ration and its connection to the quark model has recentlgenter at the pointx,,0). The corresponding eigenfunctions
been given by Swansdi7]. are either chiralfor the eigenmodes with real eigenvalues

In instanton modelg18] low eigenmodes of the Dirac located at\ =0 or A =2x,) or nonchiral and paired; the two
operator are built from an overlap of single-instanton zeroeigenvalues of the paired nonchiral modes are complex con-
modes, and are strongly chirally asymmetric. As the magnijugates.
tude of the quark eigenmode rises, the eigenfunctions couple The massive overlap Dirac operator for bare quark mass
less and less to instantons, and there should be a “crossoveni is conventionally defined to be
to chirally symmetric physics.

The common lattice correlators used to extract spectros-
copy involve projections onto momentum eigenstates. For
example, thq5=5 correlator is found by averaging over time . ) ]
slices: and it is also conventional to define the propagator so that the

chiral modes ah =2x, are projected out,

D(m)=

o
-5 D(0)+m 3)

Cj(t)=2. (0|0;(x,1)0;(0,0|0) P _1 1
X D *(m)= 1—m/(2x0) D (m)—z—xo . 4
ZE <O|Oi|”>|2 exp(—myt). 1) The contribution to the propagator of a singlpositive
2m, : chirality) zero mode in the basis whesg=diag(1,-1) is
A second kind of observable is just the point-to-point cor- B(rm)-1= li+)i+l © 5
relator (m) " =— 0 o) (5)
IT;(x) =Tr(J2(x)J*(0)), (2 Nonzero eigenvalue eigenmodes Bf(0)'D(0) are also

chirality eigenmodes. Thgth pair of nonchiral modes con-
where the current will be proportional toJ%(x) tributes a term to the propagator
=y(x) 72T (i) ¥(x), and its ratio to the free-field correlator . . o o
Ri(x) =IL;(x)/TI%(x). It is very difficult to compute masses By )_1:(“1“ A =Bl |) ®
of highly excited states from lattice simulations. Their sig- ! Bili—)i+l  ali—Xi—|

nals vanish exponentially compared (end underneajtthe . . . o
lightest state in the channel. Each new state requires a fithere, usingD(0)'D(0)|jh)=N\fljh) for chirality h, u

with two more parameterghe mass ang0|O;|n)|?), which ~ =M/(2Xo), andej=A;/(2x), the entries are

in turn requires a fine lattice with many Iattice points. At 2

very short distancegorder one lattice spacindattice dis- o i w(1=€p) )
cretization artifacts affect resultNote that correlators like 2% Ejz +u?(1- ejz)

C(t) probe long distances, even at sntall have not done
direct calculations of spectra, and so my approach is more
indirect and my results are tentative.

I will look at correlators with point sources and sinks,

Oj(x,t)= w(x t)I'4(x,t). Lattice simulations usually do

not use pointlike currents as interpolating fields because thejyfhe eigenmodes ofD(0) have eigenvalues ><g(e

do not couple to low states as well as more extended operarie;\1— 62) ] For a summary of thes@nd otheyr useful
tors, and parameters of the lowest states are usually the goat&mulas see Ref20] (for the special casgy=1/2).

of the simulation. However, for our purposes, it will be in-  What is important about these well-known results is their
teresting to keep this simple form, and looKgis which are  application to correlators expressing the sum and difference
chiral partners. In contrast to usual lattice simulations, allof opposite parity channels:

results presented here are qualitative.

1 V1 —e)

2xo € +,u2(1—e) ®

Bj=

Cor(X,x)xTrD Y mA.T 9)
II. EXACT RESULTS FROM OVERLAP ACTIONS
where
The calculations presented here are done with overlap
[19] fermions. This lattice discretization preserves a lattice A.=D"Ym)F ysD " 1(m)ys. (10)

version of exact chiral symmetry at nonzero lattice spacing,
without flavor doubling, making it particularly useful for ad- The parity difference is particularly simple: it involves the
dressing questions associated with chiral symmetry. The folsum combination, which because of the Ginsparg-Wilson re-
lowing properties of overlap actions are relevant to thislation [21] is equal to
work.

The eigenmodes of any massless overlap operator are lo- A_=2m[D"Y(m)]"D"Y(m). (11
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The volume-summed trace ok _ gives the Gell-Mann- 80
Oakes-RennefGMOR) relation. Eigenmode by eigenmode,
A, and A_ can be evaluated directly from E@6); the

former contribution comes from the off-diagonal partnf* 60 — ]

while the latter contribution comes from the diagonal ele- i ]

ments. i e
This decomposition makes no reference to any dynamics. 40 —

Thus the parameter which differentiates between chiral sym-
metry and asymmetry is just the quark mass—it is the only
chiral breaking parameter which is available. The ratio of a
contribution of an eigenmode to the chiral-difference cor-
relator to the chiral symmetric correlator scales roughly as
m/\; . This is rather similar to continuum free-field behavior, Ll
with A_(p)=m/p?, A, (p)=p/p?. It is not the behavior 0 200 400 600
seen for Wilson-like fermions, which have an explicit chiral- A (MeV)
symmetry breaking term at large momentub, }(m)=m
+iZ,y, sin(p)/at+2ax, sinz(pﬂaIZ). Staggered fermion FIG. 1. Histogram of eigenvalues of the Dirac operator of eigen-
correlators entangle parity partners in a way | do not knowmnodes recorded for this study. The peak at the lowest box contains
how to present simply. all zero modes. The solid lines shows the distribution of the twenty
Naively, this means that, unless the—0 limit is singu- lowest eigenmodes ob ™D, while the dashed lines separate the
lar, parity difference correlators will go to zero with the distribution of ten modes. The bin closest to zero counts exact zero
quark mass. However, we have to be more cargfg], be- ~ modes.
cause the eigenmode densit{A) diverges in the ultraviolet . o ) )
as\3. Mode sums generally require subtraction: high eigenS0 that the expansion coefficients in the expansionsyfor
modes do contribute to all channels. For example, the pse@Nd xa, are related. In the difference, — x5, the contribu-
doscalar susceptibilitfjtime integral ofC;(t) for I';=ys] is  tion from the chiral condensat@vhich comes from eigen-
modes nearn=0) survives and dominates in them—0
limit. The mass-independent term jn,—XaO cancels. The

chiral sumy ,+ x,, retains the highv dependenty, coeffi-
cient. The terms proportional to positive powersnofanish

1 1
xw=g% <wa(X)wa(y)>=f (M) 5 (12

and the scalar susceptibility is in the massless limit in either case. What is true for an inte-
1 N2 m? g_ral is not neqessarily true for an ir)tegra}nd, but it is a plau-
Xap= > (aS(x)aS(y)>=J dNp(N) ———5 - sible assumption to expect that chiral difference correlators

V Xy (A“+m) themselves will receive large contributions only from low

(13 eigenmodes, while high eigenmodes will contribute strongly
to chiral sum correlators. For example, one might expect that

For either susceptibility, it is necessary to break the integrajne jow modes would dominate the pseudoscalar correlator,
over A into two parts, one for the low modes<O\<A.  then[24],

where A .>m, and one for the high modes. The low modes

give the Bgnks—Casher relation fqf,., .Xw=p(0)/(77m)+ Cpg(x,x")
---. The high frequency part of the integral must be sub- .
tracted twice, . . . . ,
=( 12 GAXIAX) 5= G AX X))
1 A m \ Ae+m
+ v+ y,m2+m*K (A, m). (14)  This reasoning is dangerous because of the UV divergence of

p(N\), but it can be tested by simulation.
The scalar susceptibility has a similar behavior, except that Zero modes decouple fro@, (x,x’). They make a large
there is no contribution from =0 [23]. For overlap fermi-  contribution toC_(x,x’). This is not surprising: zero modes
ons, the GMOR relation is exact, are chiral. They will, however, considerably distort chiral-
difference correlators in small volumes.

2 _
Yo~ {94 (15 Il. EXAMPLES
and the scalar susceptibility is | have done a set of quenched spectroscopy runs using a
particular implementation of the overlap operaf@b] with
=21(E¢(m)) (16) hypercubic(HYP) [26] gauge connections. Eigenmodes of
g% “dm ' the Dirac operator are computed using the conjugate gradient
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FIG. 2. Combinations of point-to-point pseudoscalar and scalar FIG. 3. Combinations of point-to-point axial vectoyyys

(m*ay) sum[(a) and(b)] and differencq(c) and (d)] correlators.  — y,ys and scalary,— y, sum[(a) and(b)] and differencé(c) and
The curve is the contribution to the correlator from the pion, using(d)] correlators. The curve is the contribution to the correlator from
its measured mass and decay constant from R&s]. The full the pion, using its measured mass and decay constant from Ref.

correlators are shown by open squares. Pa@lsnd (c) show  [28]. The full correlators are shown by open squares. Pdagknd
high-mode contributions to the correlator from quark propagatorgc) show high-mode contributions to the correlator from quark
with 20 and 10 low modes excluded as crosses and diamonds. Papropagators with 20 and 10 low modes excluded as crosses and
els (b) and(d) show the low-mode contributions to the correlators: diamonds. Panelé) and (d) show the low-mode contributions to
their approximation by restricted-mode quark propagators with 2Ghe correlators: their approximation by restricted-mode quark
lowest modegoctagon$ or 10 lowest modegbursts. In panel(d) propagators with 20 lowest modésctagon In panel(d) the con-
the pure zero mode contribution is shown as pluses. The contribufibution of the lowest 20 eigenmodes with zero modes excluded is
tion of the lowest 20 eigenmodes with zero modes excluded ishown in pluses, and is well separated from the otheincideng
shown by pluses, and is well separated from the otbeincideng sets of plotting symbols.
sets of plotting symbols.

lattice units ofamy=0.020, which is about half the strange
algorithm of Ref.[27]. These studies are done on a smallquark mass. A meson made of a pairaosh,=0.020 quarks
data set of quenched configurations. It has 20 Ihtices IS an approximation to the physical kaon. Results for other
generated with the Wilson gauge action at couplifg small quark masses are similar. At hlgher quark masses
=6.1, corresponding to a lattice spacing of about 0.09 fm(aboveam,=0.050 orm,=2.5m;) the qualitative features |
These lattices have the same lattice spacing and quaikesent no longer occur. Pictures shown in REZs3] show
masses as were used in a large scale matrix element simuf@at low modes cease to contribute a dominant part of any
tion [28], so all necessary hadron masses and matrix elecorrelator.
ments are in principle known. | have computed the lowest 20 Because these simulations are done in finite volume, and
eigenmodes oD (0)'D(0) and recoupled them into eigen- N & quenched approximation, some channels have contribu-
modes ofD: there areN, chiral zero modes and 2(20 tions from zero modes of the Dirac operator. These contribu-
—Np) nonchiral paired modes. Eigenmodes of the Ove”aﬁions would not be present in infinite volume. In other chan-
Dirac operator whose eigenvalue is less than around 508€ls these modes are absent.
MeV have been computed. The spectrum of the imaginary
part of the eigenvalue is shown in Fig. 1. The energy is
inferred from the lattice data assuming an inverse lattice
spacing of 2200 MeV. | compute hadron correlators using | begin first with correlator<C(t) of Eq. (1). Results for
full quark propagators, and several kinds of quark propagaPseudoscalars and scalars are shown in Fig. 2. Peeiad
tors built of truncated mode sums: quark propagators witb) show the sum of pseudoscalar and scalar correlators.
0n|y zero modes, propagators without zero modes, anflote the Complete saturation of the correlator for5 by
propagators from which the lowest 10 or 20 eigenmodes ofow modes, and the essentially complete saturation of the
DD have been excluded. correlator by high modes at shorter distances. The pionic

| will show results corresponding to bare quark masses irtontribution to the correlator, using(O|Ey5<//| PS

A. “Spectroscopic” correlators with point sources
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}f{ | FIG. 5. Point-to-point tensor @&, correlator ¢ y;— v;y;). The
108 L L. [ GPPLY I I . I | full correlator is shown as squares, and its approximation by
0 5 10 15 0 5 10 15 restricted-mode quark propagators with 20 lowest mo@esda-
t t

gong, and pure zero mode contributidifancy crossesare also
FIG. 4. Point-to-point —v;)*(y:¥s— viys)(p=a,) cor-  Shown. Crosses and diamonds show the contribution to the cor-
relator: (a) and (b), sum;(c) and(d), difference. Panel&) and (c) relator from quark propagators with 20 and 10 low modes excluded.
show high-mode contributiong) and (d) low-mode contributions. ~ The squares, crosses, and diamonds are nearly superimposed.
Full correlators are shown as squares.(dh and (c), crosses and
diamonds show the contribution to the correlators from quarkalmost two orders of magnitude larger in the pseudoscalar-
propagators with 20 and 10 low modes excluded. The contributiorscalar channel. This is not a direct observation that the spec-
and their approximation by restricted-mode quark propagators witirum of quenched QCD is parity-doubled at high excitation.
the 20 lowest modegoctagon$ are shown in(b) and (d), and in ~ However, this is the “raw data” from which masses are ex-
panel(d) | also show the contribution of the lowest 20 eigenmodestracted, so it is likely that any fit to it for masses will produce
with zero modes excludegbluses. parity symmetric results.
Perhaps direct comparisons, in Fig. 6, are clearer. Panel

:m'%SfPS/(zm) (with the fitted parametensips and fpg from (a) shows the pseudosc_alar and_sca_lar correlators; | have sub-
Ref. [28]), is superimposed. The low modes make up thelracted the measured pion contribution from the pseudoscalar
bulk of the pion’s contribution to the correlator. channel. Pandb) shows the vector and axial vector correla-
Panels(c) and(d) show the difference of pseudoscalar andtors. The correlator€;(t) defined in Eq.(1), wherel’; are
scalar correlators. This signal is heavily influenced by zerddarity partners {5 and 1,y; and y;ys), become equal for
modes, so that while low modes again contribute a “pi-less than about 0.2 fm.
onlike” signal, most of this contribution involves at least one
zero mode. High eigenmodes make a negligible contribution B. Point-to-point correlators
to the correlator at any time separation.
The axial-scalar ¥9y5— v5v0) = (vo— ¥o) combination
shows similar behavioffig. 3). The axial vector current de-
couples from the Goldstone mode in the chiral limit, and this _ ,

One can also compute point-to-point correlafdtsg. (2)].
The short distance, parity-summed correlators receive little

-1
TTTTTTT T 10 Er T TTTTTTTTTTTT

is reflected in the “sum” correlator by a slower saturation of £ ] g i
: P . b (a) ] i (b) 1
the pion contribution to the correlator by low modes. Again, | ,-:% ] 02 L ]
the bulk of the signal at small time steps comes from high " "3 £ "
modes. High modes do not contribute to the chiral differ- lo—z;_¥ g ] 10 - gg g“ _
ence. : E : ., i
Vector and axial combination&Fig. 4) lack any single 5[ H ] 104 L x:"':x ]
state which is dominated by low modes. High modes again i ] : ¥ E
make a tiny contribution to the chiral-asymmetric channel, 1o-«[ | gl el 1]
and saturate the signal in the chirally symmetric channel. The o 5 1o 15 0 5 10 15
absolute size of the correlators in the two channels is quite t t
different at ShOI’t diStanceS. The tensor Char‘(lsbbwn in FIG. 6. (a) Point_to_point 6,5— 75) Corre|ator, with pionic con-

Fig. 5 receives little contribution from low eigenmodes.  tribution removed(squaresand 1—1 (crosses correlators at bare
The correlatorC , (t) is almost two orders of magnitude massam,=0.02. (b) Point-to-point (;— ;) (squaresand (y;ys
larger thanC _(t) in the vector-axial vector channel, and —v;ys) (crossegcorrelators.
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FIG. 7. Point-to-point §,— v,)*(v,¥s— ¥.7¥s) vector-axial
vector sum(@) and differencéb) normalized by the free field vector
current. The full correlator is labeled by F, the correlator made of
propagators truncated to the lowest 20 eigenmodes is labeled L, and
the correlator made of propagators from which the lowest 20 eigen-
modes are excluded is labeled by H. 0 5 10 15

contribution from low eigenmodes. That their ratios ap- r/a

proach unity at smalk is just asymptotic freedom. However,  FiG. 9. x5K(x), the contribution of a resonance of masgo
this is a confining theory: the spectrum of quenched QCDune of the point-to-point correlator ratios. The peaks correspond to
consists of zero width resonances plus quenched artifactattice masse&rom left to righ of mya=1.5, 1.25, 1.0, 0.75, 0.5,
(mostly associated with eta prime hairpin8 more correct and 0.25(the peak of the last curve lies outside the gjaph
statement of what is seen is that the resonances which make
up the lowx part of the sum correlators receive little contri- of the peaks, it is their location. If we compare the high
bution from low modes. Results are shown in Figs. 7 and 8eigenmode and full propagator curves in Figs. 7 and 8, we
The parity difference correlators vanish at lowLow  see that they separate at a lattice distance of about 5 units.
eigenmodesincluding zero modgsdominate the correlators Any resonance with a lattice mass lighter tham,<0.75
at largex, where the lightest states in the channel appeamwould make its peak contribution at larger This mass is
Alternatively, the strong attraction seen at laxga the pseu-  about 1700 MeV, and is the rough dividing point between
doscalar channel comes almost entirely from eigenmodes béadrons built dominantly of chiral sensitive modes and ones
low 500 MeV. which are not, for quenched QCRAgain, recall that the
In the absence of reliable spectroscopy calculations, wénverse lattice spacing of these simulations, above which dis-
can roughly quantify the “breakpoint” between low and high cretization effects dominate physics, is about 2.2 HeV
mode contributions by considering the contribution of aSwanson’s estimatel7] of 2.5 GeV for the crossover corre-
single resonance of massto one of these ratios. This curve sponds toma=1.1, but given the roughness of either esti-
is proportional to the ratia®K (m,x), whereK(m,x) is the  mate, | would not take the difference seriously.
free field propagator for a particle of mass A family of

curves of varying massé lattice unitg is shown in Fig. 9; 4 BESEAREBENRARRERERS
the height has been rescaledra$ to produce a plateau of i ]
maxima. What is important from this picture is not the height L 4
3 — —
= L
u R
z L
n: -
1 —
O i 1111 | 1111

FIG. 8. Point-to-point s— ys)£(1—1) pseudoscalar-scalar 0.0 0.2 0.4 0.6 0.8 1.0
sum (a) and difference(b), normalized by the free field pseudo-
scalar correlator. The full correlator is labeled by F, the correlator
made of propagators truncated to the lowest 20 eigenmodes is la- FIG. 10. Octagons sholRNS(x) as defined in Eq(18) and,
beled L, and the correlator made of propagators from which théounched together at the bottom of the figure, its contribution from
lowest 20 eigenmodes are excluded is labeled by Kb)ithe F and  propagators, from which the lowest 2éiamond$ and 10(squarep
L correlators are nearly coincident. eigenmodes obT(0)D(0) are excluded.

x, fm
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Finally, we show in Fig. 10 the saturation of the amplitudeimplies that valence quarks in high-lying states decouple
for chirality flipping proposed by Ref29] and computed on  from the condensate.
the lattice in Ref[6], | have not directly observed parity doubling at high exci-
tation in the meson spectrum, but lattice correlation functions
in parity-partner channel§rom which fits to masses would
be performeyl are equal at a part in $610* at short dis-
tances. Point-to-point correlators suggest that hadrons of
using complete quark propagators and high-eigenmode trummass above 1.7 GeV are insensitive to low Dirac eigen-
cations. Clearly the high eigenmodes make a tiny contribumodes. Low modes do not contribute to the tensor meson
tion to RNS; it is the low modes that are strongly influenced correlator.
by chirality mixing interactions. Perhaps these results can be used to constrain phenom-
enological models of hadron structure. Results such as Fig.
2(a) suggest that it might be profitable for lattice calculations

o o ) o done at small quark mass to exploit low eigenmodes of the
Lattice simulations in which contributions to quark propa- pirac operator in simulations.

gators from low and high eigenvalue eigenmodes of the
Dirac operator are separated identify the following qualita-
tive features of light-quark mesons in quenched QCD: Low
eigenmodes make a large contribution to the pion propagator.
They are responsible for the strong long-distance attractive This work arose through discussions with Leonid Glotz-
interaction seen in the pseudoscalar channel. Low eigerman, and | am grateful to him for numerous conversations,
modes of the Dirac operator make a small contribution to theorrespondence, and encouragement. This project was begun

T1,(x) ~ T (%)

R0 = T G+ 1,00

(18)
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