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1. Introduction

The understanding of the structure of nucleon is one of tidrakissues in hadron physics.
For instance, the parton distribution functions (PDFs)ehbgen studied extensively, and the ob-
servation of scaling violation in PDFs provides the cradietifie establishment of the fundamental
theory, QCD. Yet, there exist many unresolved questionthstructure of the nucleon. The EMC
experiments [1] and subsequent experiments show that gparlcarries only~ 30% of the total
spin of the nucleon. Consequently, one concludes that thaining~ 70% should be carried by
the quark orbital contribution and the glue. Direct quantitie identification of each contribution
has been undertaken by experiments. The strangenessatiotrito the nucleon structure is also
under intensive study experimentally.

Under these circumstances, it is desirable to provide dieBnjuantitative results using the
lattice QCD method. In fact, there are many lattice QCD ssidf the nucleon structure [2].
However, most of these calculations are limited to the sie@&connected insertion (ClI)”, and
there have been few calculations considering “discondertsertion (DI)” [3, 4, 5]. Although
the calculation of DI is known to be a very difficult problemewmphasize that DI are related to
rich physics, e.g., only DI consists of the the strangenestdribution to the nucleon. We shall
describe our methodology to obtain the signal effectivelpi calculation. We also note that using
Nt = 2+ 1 dynamical configurations could be essential for small kjuzasses. In this proceeding,
we present the study of the DI part for the quark contributmithe first moment of the nucleon,
(X)q, Whereas the study of the Cl part is presented elsewhere [6].

Another very important, but often not calculated componéenthe glue contribution to the
nucleon structure. This is because the straight-forwal@llzion using the standard link variables
is known to yield very noisy signal [7]. We have proposed [8use the overlap operatdDd,)
to overcome this problem, and we show the first applicatiofréfio,,vDo,] to the gluonic first
moment,(X)G.

2. Formalism and simulation parameters

We use theéN; = 2+ 1 dynamical clover fermion with renormalization group iroged gauge
configurations generated by CP-PACS/JLQCD collaborat®n\|Ve use thg3 = 1.83 configura-
tions with the lattice size of = L3 x T = 16° x 32, for which the lattice unit iga ! = 1.62GeV
and physical spatial size {2fm)3. The hopping parameters for light (u,d) quarks e 0.13825,
0.13800 and 3760, which correspond tm,; = 610, 700 and 840 MeV, respectively, and the
hopping parameter for strange quark is fixed takbe- 0.13760. We perform the calculation only
for the dynamical quark mass points. For each quark madsegt 800 configurations are used.

We also perform the complementary study using the Wilsomifem with Wilson gauge action
in the quenched approximation. We generate 500 configusaiid 16 x 24 lattice at = 6.0,
where the lattice spacing &1 = 1.74GeV and the physical spatial size(i8fm)3 [4]. The
calculation is performed with three light quark hoppinggraeters ok = 0.15400.155Q00.1555,
which correspond ton; = 480— 650MeV, with strange quark hopping parameter fixekde-=
0.1540.
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The nucleon matrix elements can be calculated by takingatie of three point functlorh‘l3pt

to two point functionr?,

MRt Gty Pofoto) = 5 e PRer T 0T [In(%e,t2) O (0.t (%o.t0)] [0), (2.1

X2,X1

N2PY(B,t; Xo,to) = Z-'f’*’ T [In(X. 1) In (%o, 10)] 0), (2.2)

whered is an appropriate operator for the matrix element of coneaahly is the nucleon inter-
polating field.

The calculations of three point functions of DI involve axation of both of the two point
function part and the quark loop part. Because the lattarires) all-to-all propagators, for which
the straightforward calculations are practically impbksi we use the stochastic method [10] as
follows

.18 _
Tr[erl]:Jm[Zn”rD Int lim = Zn"* L= g, (2.3)
I=1

wherel is an arbitrary matrix and)' corresponds to theth noise. In the practical calculation,
this method introduces a variance, becduseNngiseis finite. In order to reduce such off-diagonal
error [10], we use the unbiased subtraction from the hoppemgmeter expansion (HPE) [11].
In our practical calculation, we ado@{4) noises in color, spin and space-time indices. We take
Nnoise = 300(500) for each configuration for full (quenched) QCD simulatioespectively, along
with the use of HPE up to the 4th order.

In the stochastic method, it is quite expensive to achieveoa gignal to noise ratio (S/N) by
just increasingNnoise because S/N improves withNhoise In view of this, we use many nucleon
sourcesNg(c in the evaluation of the two point function part for each cguafation. Because the
calculations of quark loop and those of two point functiorssiadependent, this is expected to be
an efficient way to increase statistics. In fact, as we witivglater, we observe that S/N improves
almost ideally, i.e., by a factor gfNgrc.

For the study of glue contribution to the nucleon structitris,essential to find a suitable glue
operator. In fact, glue operators constructed from linkaldes suffer from large fluctuations in
high-frequency modes, which causes poor S/N in the calonlg?]. We propose [8] to use the
gauge field tensor constructed from the overlap ope@¢pras

Fuv(X) = const x Tr’[ayDov(X, X)], (2.4)

where TP corresponds to the trace in spinor space. The advantagésdbtimulation is that the
ultraviolet fluctuation is expected to be suppressed dubdexponential local nature @f,. In
order to estimatd®,,(x,X), we again use the stochastic method. In this case, we treatolbr
and spin indices exactly and space-time indices are diligietivo sites separation on top of the
even/odd dilution. Therefore, the minimal length to thetmetghbor site amounts to four hoppings
away (“taxi driver distance”=4). We use two Z(4) noises aakktthe average between them for
each configuration.
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3. First moment of parton distribution

Quark contribution to the first moment of the parton distiin in the nucleon{x)q, can be
obtained by using the following energy-momentum tensoratpe [12],

ir— _ _ _
Ta = (~1)+7 |@4Dia+Daa—auDia—ayDag) (3.1)
and by taking the following ratio of three point to two poininttion,

Tr [re. H%Et(ﬁ’tz; 6,t1; ﬁ,xmto) % @ 18%
(2p) % Tr[Fe- N2P(P,tp; %o, to)] x €00 (X)a,

(3.2)

wherel e = é 8 in spinor space (for the Dirac representation.) In ordemtprove the S/N,

we further take the summation for the operator insertiore tiyrfor the ranget; = [to + 1,t, — 1],
wherety(t2) is the nucleon source (sink) time, respectively.

In Fig. 1, we plot the ratio of three point to two point funct®for the strangenessx)s, in
terms oft,. Because of the summation of operator insertion tinehe linear slope corresponds to
(X)s. Blue points denote the result fbk,c = 1 and red points foNgc = 32. One can clearly see
that increasindNsc reduces the error significantly (by about a factor @), and a clear signal
can be extracted from thé,. = 32 data.

In Fig. 2, we plot the ratio ofx)s/(X)uq(DI) for each quark mass. By taking the linear chiral
extrapolation in terms af, we obtain a preliminary result

(X)s/ (X)ug(DI) = 0.857(40), (33)

in the chiral limit. Although it is necessary to consider thaormalization factor, this result shows
that the statistical error is well under control and rekalaittice QCD calculation is possible even
for the DI.
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Figure1: The ratio of three point to two point func- Figure 2: Ratio (x)s/(X)yq(DI) plotted in terms of
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We perform the same calculation for the quenched case, aksult usingNs,c = 16 with
perturbative renormalization is [13]

(X)s/ (X)ua(DI) = 0.88(7). (3.4)

Gluonic contribution to the first momen(x)s, can be obtained in the same way, by using the
following energy-momentum tensor

3
Ty =— .Zi(-l-i)  (F4iF), (3.5)
=

whereF,, is constructed using the overlap operator as shown in E4).(fh Fig. 3, we plot the
ratio of three point to two point functions in terms of the lmon sink timet,, using the quenched
QCD configurations. As can be seen, we obtain a prominerarisgnal for(x)g. It is quite
encouraging that we obtain the signal with about three sigosaracy. With unbiased subtraction,
this could be improved to larger than four sigma accuracy. avéealso working on the deflation
which could improve the S/N substantially. Further invggtion including the renormalization
factor is in progress.

T
]
5

k=4
S
=z
=8
2
g
3
@
€
g
g
2
=3
g
5
I
S
>
S
=
S}
)
—
—_—

<x>, (glue)

os | ot -1 {

‘500 Configurations and taxi len=4, Noises=2 ‘

‘Summatiun of Insertion Time: (source time+1) to (sink time-1)

-0.5

1 3 5 7 9 11 13 15
sink time (t,)

Figure3: The ratio of three point to two point functions plotted imtesrof nucleon sink time for quenched
configurations withk = 0.1540. The linear slope correspondsxixs.

4. Strangeness electric and magnetic form factors
We use the point-split vector current as

Vi = G(X) (1= v )Up (R)a(x+ p) — qx+ 1) (1+ y)U L (x)a(x). (4.1)

The advantage of the point-split operator is that there iadditional renormalization factor to be
considered, because it is a conserved current. Using tlkeisitmw, the electric and magnetic form
factors can be obtained [3] by the following combinationtote point and two point functions:

Tr [Fe- P, (O1tz; Gty G, to)| x € Tr |- M2, 14 %o,t0)|

Tr[Fe- M2PY(q,ty; Xo,to)] x €M% T [Fe- n2r4(0, ty; %,to)}
E.,—
:[a«q@— ;mma«q@} (4.2)
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Tr e M (Ot Gt —G%outo)| x €79 Tr T M2P(B,t4; %o.00)|
Tr[re‘ n2pt(qatl; X’Oato)] X e+iq4% Tr |:re n2pt(67t2; X'07t0)i|

=(-1) &ika; (FL(—G8) + Fa(—ag)) , (4.3)

k —
Eq+m

0
wherelly = %k o) mdenotes nucleon mass, aBgl= /m? + 6.

In Fig. 4, we plot the ratio of three point to two point funet®in terms of the nucleon sink
time t, where the linear slope corresponds to the signal of strasgemagnetic form factor at
G° = (2r/L)2. In order to obtain the final quantitative result for the straness magnetic moment,
detailed study for sever&?(—qg?) and chiral extrapolation are needed and they are in pragress

0.4 HKyeq=0.13760(ud), 0.13760(s) W/ subt (#sre=32) =—o—| |
03 4
02+

0.1

N T begd fo **!

-0.2 {800 Configurations and 300 Noises‘

Gyy(s)
<
L

15

0.3 [ ion of Insertion Time: (source time+1) to (sink time-1)] |

-0.4

1 3 5 7 9 11 13 15
sink time (t,)

Figure 4. The ratio of three point to two point functions plotted inntex of the nucleon sink timg for
dynamical configurations witk = 0.13760. The linear slope corresponds to the strangenessetiafprm
factor atg? = (2rm/L)?

5. Summary

We have studied the strangeness and gluonic contributitiretoucleon matrix elements from
lattice QCD. The strangeness matrix elements have beeredtby the Z(4) stochastic method,
with the unbiased subtraction from the hopping parametpamsion in order to reduce the off-
diagonal noises. We have further taken many nucleon sotocesach configuration, and observed
that this method is almost ideally effective to improve tignal with modest cost. Usinbl; =
2+ 1 dynamical clover fermion configurations, we have analythedjuark contribution to the first
moment,(x)q, and the strangeness magnetic form factor, and found thtgtatal errors are well
under control with these improvements.

The gluonic contribution for the first moment of nucledr)s, has also been studied with
the use of the overlap operator to construct the gauge fiakbtegR,,, and we have shown the
effectiveness of this method by the explicit calculatioth&t quenched level.

Although there remain several sources of the systematie, esuch as the finite volume arti-
fact, discretization error, excited-states contamimatiad chiral extrapolation, we plan to inves-
tigate these issues by using the configurations with largkmve and lighter quark masses with
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various lattice cut-offs. The study for other matrix eletsesuch as the angular momentum contri-
bution to the nucleon spin is also in progress.
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