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Abstract. We present results on the nucleon form factors using twortegée flavors of twisted
mass fermions on 24« 48 and 32« 64 lattices with pion masses in the range 29485 MeV.

INTRODUCTION

The nucleon form factors are an interesting challenge ticéasimulations as they
are controlled by the spatial extension of the quark-gluoacture. In particular one
can expect a specific sensitivity to the finite volume of thtéda when the pion mass
approaches its physical value. To perform simulationsrge@hysical volumes with the
available computing power one needs relatively largeclatspacings+ 0.05-+- 0.1 fm)
which implies the use of improved action and operators. i thspect twisted mass
fermions [1] is an attractive formulation of lattice QCD sinit allows for automatic
0'(a) improvement by tuning only one parameter, requiring nohrtimprovements
of the operators. Important physical results are emergsiggugauge configurations
generated with two degenerate flavors of twisted quaxks= 2) in both the meson [2]
and baryon [3] sectors. An example is the accurate detetimmaising precise results
in the meson sector, of low energy constants of great retevém phenomenology.
Currently,Nr = 2 simulations are available for pion mass in the range-2985 MeV
for three lattice spacings < 0.1 fm. In this work we discuss high-statistics results on
the nucleon form factors obtained at one value of the lafjgacing corresponding to
B =3.9.
The action for two degenerate flavors of quarks in twistedsGSD is given by
e — 1 L. ar . .3
S=§+a ZX(X) SVu(Op+0p) = S B0+ Mere HT 0| X0 (1)

where we use the tree-level Symanzik improved gauge a&jormhe quark fields
X are in the so-called "twisted basis" obtained from the "phajdiasis” at maximal



twist by the transformationy = %[14— i3y x and @ = )?%[1—{- iT3ys). A crucial
advantage is the fact that by tuning a single parameter, lyahebare untwisted quark
mass to its critical value, physical observables are automaticalya) improved. A
disadvantage is the explicit flavor symmetry breaking. lacent paper we have checked
that this breaking is small for baryon observables for théck spacing discussed
here [5].

To extract the nucleon FFs we need to evaluate the nucleonixmelements
(N(pt,st)|juIN(pi,s)), where |[N(ps,st)), [N(pi,S)) are nucleon states with final
(initial) momentumps (pi) and spins¢(s) and j, is either the electromagnetic current
VEM(x) = %u_(x)y“u.(x) — 3d(X)yud(x) or the axial currenf (x) = TX) VY5 W(x).
Whereas the matrix element of the axial current receivesribomtibns only from the
connected diagram the electromagnetic one has, in addiiisconnected contribu-
tions. In the isospin limit the matrix element of the isoweotlectromagnetic current
VE(X) = P(x) y“%at,u(x) has no disconnected contributions [6]. Therefore in thiskwo
we only evaluate the isovector nucleon FFs obtained froncdin@ected diagram.

The electromagnetic matrix element of the nucleon can beesgpd in terms of the
Dirac and Pauli form factor$;; andF, defined as

g
(Pr)En(pi
F2(Q%) (3)

(N(pt,st)Vu(0)|N(pi,s)) = \/EN )J(pf,sf)ﬁuU(pi,s>, (2)

To e ld

Ou = YuF1(Q%) + o

with g = ps — pi the momentum transfer an@? = —g?. These are related to the
Sachs electricGg and magneticGy FFs via: Gg(Q?) = F1(Q?) — (Zgz)ze(Qz) and
Gm(Q?) = FL(Q?) + R(Q7).

Similarly, the axial current matrix element of the nucledf{ps, st ) |A5 (0)[N(pi,s))
can be expressed in terms of the form fact®gsand Gy, with &, given by

My 78
Oy = —Yu)'SGA(QZ)ﬂL'ﬂGp(QZ) 5

LATTICE EVALUATION

The nucleon interpolating field can be written in the twisbegis at maximal twist as
J(x) = \/ié[]l +iysee[@T (x)% ysdP(x)] G°(x). The transformation of the electromag-

netic currentV3(x), to the twisted basis leaves the form\(ﬂ”"’(x) unchanged. We use
the Noether lattice current and therefore the renormatimatonstany, = 1. The axial
currentAﬁ also has the same form in the two bases. In this case we usecHieurrent
and therefore we need the renormalization consZaniThe value ofZy = 0.76(1) [7]
was determined non-perturbatively in the RI'-MOM schemeisMalue is consistent



with a recent analysis [8], which uses a perturbative sabitna of ¢'(a?) terms [9] for
a better identification of the plateau yielding a valueZaf= 0.768(3) [8]. In order
to increase overlap with the proton state we use Gaussiaarstheuark fields [10]
for the construction of the interpolating fieldg(t,X) = 3 Fab(x, y;U (1)) g°(t,y) with
F=(1+aH)"andH(X,y;U(t)) = zﬁzl[ui(x)axyy,.uruﬁ(x— i) Oyy+1]. In addition we
apply APE-smearing to the gauge fieldg enteringH. The smearing is the same as
for our calculation of baryon masses with the smearing patarsa andn optimized
for the nucleon ground state [3]. The present calculatiendegen performed #& = 3.9
which, according to the latest analyisis [4], correspods-+t 0.079(026) fm. Note that
this value differs from the one used in previous works [3]jelkrexplains why the pion
masses in this work are somewhat larger.

In order to calculate the aforementioned nucleon matrimelgs we calculate respec-
tively the two-point and three-point functior&(d, t1) = 55, & ™I, (Ja(tt.X¢)Jp(0))

andGH(IY,q,t) = ygx, €% Mo (Ja(tr,Xr) j# (t,X)Jp(0)), where the projection matri-

cesl? = %(]l + o) and™ = ir%sy. We create the nucleon at= 0, X = 0 (source)
and annihilate it at; /a = 12, pr = 0 (sink). We checked that the sink-source time
separation of 1&is sufficient for the isolation of the nucleon ground statebmparing
the results with those obtained whigria = 14 is used [6]. We insert the currejit att
carrying momentungj = — ;. In this work we limit ourselves to the calculation of the
connected diagram which in the isospin limit yields the ester electromagnetic form
factors. This is calculated by performing sequential isi@rs through the sink so that
no new inversions are needed for different oper@t¢t, g). However new inversions are
necessary for a different choice of the projection matricesin this work, we consider
the four choices given above, which are optimal for the foattdrs considered here
and construct the ratio

i GH(M,a) \/G(Eﬁi,tf —)G(0,)G(O,tr) tr-tee
G(O.tr) | G(O,t; —t)G(Pi,t)G(Pi t)

The leading time dependence and overlap factors canceliyiehs the plateau value
MK (T, d) from which we extract the form factors using the relations

ner.a) (4)

MA(r0,a) = (M E) oy +iokdu] Ge(QP),  MH(Md) == 3 €103 Cu(Q)
J

and N%(% q) = & [%% Gp(Q?) — (E+m)&x Ga(Q?)], k=1,---,3, where c=

2m?
E(E+m)"

RESULTS AND CONCLUSION

The form factors have been computedfat 3.9 andm;; = 290,340,420,485 MeV
with a lattice volume 2% x 48 and are shown on Figs.1-4. The calculation was also
performed in the volume 32« 64 for the pion mase; = 335 MeV in order to quantify
the finite volume effects. As expect&ab is more and more dominated by the pion
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FIGURE 1. Electric form factorGg.

pole approximation (continuous line in Fig.4) as the piorssnapproaches the chiral
limit. Though qualitative this approximate pion pole doamge in the space-like region
iIs a non trivial check of the PCAC hypothesis. The situatiohegs satisfactory for
Ga as shown on Fig.3. As the pion mass is decreased the latsoéigdnave a shape
which does not tend to the phenomenological curve (contialiae in Fig.3). Since the
finite volume effects seem negligible, one may suspect al@molwith the continuum
limit. However a nasty combination of finite volume effecdachiral behaviour is not
excluded, as already observed for the parton distribufibhf The results look better
for the (isovector) electromagnetic form factors. The g€haiffise andGy, approches the
phenomenological curves (continuous line in Fig.1,2) apibn mass is decreased. One
interesting point is tha®y, is little affected by finite volume effects, contrary@g. In
the latter case the comparison of the 2448 and 32 x 64 volumes shows a systematic
difference, larger than the statistical errors, which gagiés that finite volume effects
need to be instigated before drawing any conclusion abeuettice form factors. The
results at a smaller lattice spacings-€ 4.05,4.2) will be soon available and this will
allow to perform a quantitative analysis of volume effectd ahiral extrapolation.
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FIGURE 2. Magnetic form factoGy
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FIGURE 3. Axial form factorGp
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