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1. Introduction

Distribution amplitudes (DAs) provide access to hadronevanctions and can be related to
form factor data through perturbative QCD and light cone sul@s. This makes DAs interesting
guantities to be investigated within the framework of &tQCD. Distribution amplitudes for the
nucleon and its parity-partner, th& (1535, have been calculated by the QCDSF collaboration in
[, B] on lattices withNs = 2 degenerate Clover fermions and pion masses of 400 to 1480Ikle
this update, we present new data obtained for ®-3@4-lattice with = 5.29, k = 0.13632 and
270 MeV pions. This new data is significantly closer to thegitgl point than before and will help
us in reducing the uncertainties in the extrapolation taotsical point.

The nucleon distribution amplitudes are defined as follddls [In the infinite momentum
frame, with transverse momentum components integratedralibnly leading twist components
considered, the nucleon wave function for the three-quaidkBtate can be written as

IN,T) = {Iu(xa)ut (x2)d" (xa)) — |ul (xa)d* (x2)u" (%)) } (1.1)

/2\/24x XoX3

wherex; are the longitudinal momentum fractions, the arrows ingithe nucleon and quark spins,
[1dX = fy dxidxdxed(1—x; — X2 — X3), fy is the leading-twist normalization constant aik;)

is the nucleon distribution amplitude. We also calculateribrmalization constants for the next-
to-leading twist wave functions\; andA,; see Refs[]1]2] for the definition.

2. Lattice procedure

On the lattice, only moments of the distribution amplitude,

pIm = /[dX]X|1Xg]Xg¢(X17X2,X3)

can be accessed. And even this is limited to the first and slecmments, since for higher mo-
ments, mixing with lower dimensional operators occurs,avhivould make the calculation in-
creasingly difficult. Moreover, for higher moments, the rmaelements have to be evaluated at
higher momenta which leads to noisier data. As can be sed® ifolowing, even for the second
moments we have barely enough statistics to get reasonatal} error bars, and third moments
would be much worse than that.

It is useful to expand the wave function in multiplicativenormalizable term$][4]:

8 20
¢ (%; uz) = 120<1x2x3{ 1+ Cro(X1 — 2% + X3)L %0 + C11(X1 — X3)L %0
A4 40
—+Co0 [l—l— 7(X2 — 2X1X3 — 2X%)] L3k + Cz]_(l — 4X2) (X]_ — X3) L %o
32
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wherel = as(u)/as(Ho) andcij are the so-called “shape parameters”. Theare given by lin-
ear combinations of the moments of the distribution amgétg'™ with | +m+n <i. Unlike

the moments, which are constrained by the momentum corigen@nditiong'™" = ¢ (+1mn_.

¢!(m+hn 4 Im(n+1) " the cjj are independent nonperturbative parameters. In practieg,are ob-
tained from the data of'™" using constrained fits.
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(a) This effective mass plot shows a nice plateau for tle) The dispersion relation (dashed lir? = n? + p?) is
nucleon (left, red line) and a reasonable plateau for thegy e within the error bars. Shown here is data from six

N"(1533 (right, green line). lattice ensembles with pion masses ranging from 270 MeV
to 648 MeV.

Figure 1: Effective mass plot (a) and dispersion relation Qmly statistical errors are shown.

The moments of the distribution amplitudes are calculdtealigh matrix elements of the form

<ﬁ(x)aﬁyf/’/(y)r>

where /" is a smeared nucleon interpolator afids a local three-quark operator with up to two
derivatives. The operator® that are used to calculate the DAs have been classified asgaal
irreducible representations of the lattice symmetry griouprder to avoid mixing of operator§] [5]
and they have been non-perturbatively renormalized [6].

Separation of the parity-plus (nucleon) and parity-mird§(1535) states has been achieved
by using the generalized Lee-Leinweber parity projectbe (ton-generalized version of which
was introduced irﬂ?])%r (1+ “E“y4), wherel is a suitable product of matrices angnandE are
the mass and energy, respectively, of the baryon. Pleasamattthis projector might have to be
modified for certain operators and momenta, but it is pdsfesttited for the operator-momentum
combinations that are used here. In Fig. 1a one can see tbasarmrable mass splitting is achieved
between the nucleon and*(1535 at momentump? = 0. At higher momenta, the data becomes
noisier, but it is still possible to find plateaus for both thecleon andN*(1535. As a consistency
check, the dispersion relation has been looked at and itfiefd within error bars (see Fig. JLb).

3. Results

3.1 Normalization Constants

The results for the normalization constaffits fn- andAs 2 are shown in Fig[]2. In comparison
to the plots of the nucleon normalization constants showfiiliradding the new data point at 270
MeV pion mass makes a large difference, reducing the distémicthe chiral extrapolation by
more than a factor of two. Thus we can avoid using data with pilasses- 1 GeV which strongly
influenced our previous resultg [1].
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Figure 2: Dependence df, and fy- (left) andA; andA» (right) on the pion mass. Only statistical
errors are shown.

It is interesting to note that on the lattice with 270 MeV piorass, it is the first time to
see a significant difference between the leading-twist atimation constants of the nucleon and
N*(1535. While fy and fy« agree — within error bars — on the lattices with heavier pidimis is
no longer true for the new data point. However, we do not yeétzn explanation why this is the
case or whether it should have been expected.

3.2 Shapeparameters

The shape parameters are calculated from the moments ob@a$described above. Since
the shape parameters describe the deviation from a synematrentum distribution, their relativ
error is larger than the error of the moments of the DAs. Ascan clearly be seen in F@. 3,
the second order shape parametgysare noisier than the first order onesg;. This can be mostly
attributed to the fact that the calculation of thg involves matrix elements q12 = 2, while one
needs only the cleang? = 1 matrix elements to calculate thg. Also, the nucleon error bars are
smaller than thé&*(1535’s, which is not surprising given that tid*(1535 has a larger mass and
thus a shorter plateau than the nucleon.

The first order shape parameters show a significant differétween the nucleon and its
parity partner. This difference is also visualized in theybantric plot, Fig[}§: TheN*(1535
wavefunction is much more strongly peaked towards the spirying quark (quark label “1” in
Eq.[L.1) than the nucleon.

The second order shape parameters still have very largetkars and are thus not included
in the barycentric plot. However, we hope that increasetissts will reduce these error bars to a
reasonable size. Whileg is compatible with 0 both for the nucleon and its parity pertny; and
Co» tend to be negative in both cases.

4. Conclusions and Outlook

Nucleon and\N*(1535 distribution amplitudes and the wavefunction normal@attonstants
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Figure 3: Shape parameters for the nucleonnd 535 on the 32 x 64 lattice at 270 MeV pion
mass. Only statistical errors are shown. While the erros karthe first moments are fine, more
statistics will improve the errors bars for the second mdsien

Figure 4: Barycentric plot of the nucleon (left) aNd (1535 (right) distribution amplitudes, cal-
culated for the central values of the shape parameters. ®treetlarge error bars on the second
moments, only the first moments have been used for this plot.

fn, fn+ @andAq o have been calculated at pion masses as low as 270 MeV. Uplikegher pion
mass lattices, a difference between the nucleonNid535 wavefunction normalization con-
stants can now be seen. The distribution amplitudes for tickeon and its parity partner are also
significantly different, with theN*(1535’s wavefunction being more peaked towards the spin-
carrying quark than the nucleon’s wavefunction.

To improve the accuracy of the results on the nucleonNid535 DAs, more statistics are
being collected for the 32« 64 lattice with 270 MeV pions. Also, calculations at the sgpian
mass but a larger lattice volume will be performed to get alleaan finite volume effects. Finally,
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the data will have to be extrapolated to the physical point.
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