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A Mass of Work to Cover

✦ 32 parallel talks

✦ 2 posters

Worst pun contender, 
Lattice 2008!

Lattice 2007: 26 talks, 1 poster
Lattice 2006: 19 talks 4 posters

✦ >120 pages of material

✦ >200 figures!

Thanks to those who provided material

Sorry if I’ve left out your favourite result
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Topics to Cover
✦ Form Factors (pi, N, Delta, transition,...)

✦ Provide information on size, shape and internal (charge) densities
✦ eg. Neutron has charge zero, but charge density? +/-?

✦ Nucleon Axial Charge, gA 
✦ Neutron beta decay, chiral symmetry breaking

✦ Generalised Parton Distributions
✦ “Spin crisis”: quarks carry only 30% of proton’s spin

✦ gluons? quark orbital angular momentum?
✦ “3D” picture of nucleon

✦       : Is this thing ever going to bend down?
✦ Distribution Amplitudes: 

✦ exclusive processes; hadron wave function
✦ Strange quark+ other disconnected contributions

✦ Strangeness/gluonic content of nucleon

〈x〉
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Form Factors
Q2 Scaling

F1 ∝ 1
Q4

(dipole?)

F2 ∝ 1
Q6

(tripole?)

Naive expectation from dimensional counting [Brodsky & Farrar, 1973]
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Zero Crossing?

Possible zero crossing 
in isovector electric 
form factor GE

V at         
Q2 ~ 4.5 (GeV/c)2 

[P. Anderson, Trento 2008]
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Monday 4:10

= µp − µn
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DWF nf=3 formfactor comparison

m!=298 MeV, a
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=2.346 GeV
m!=329 MeV, a
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=1.729 GeV

m!=355 MeV, a
-1

=2.346 GeV

mπ ≈ 330MeV
243 × 64 a−1 = 1.729 GeV

a−1 = 2.35 GeV323 × 64

S. Syritsyn Friday 5:40

mπ ≈ 355, 298MeV

Also see
M. Lin, DWF + asqtad

Monday 3:30

New results at mpi=293 MeV



T. Korzec [ETMC]

Nf=2 Twisted Mass Fermions

Gp−n
E Gp−n

M

Monday 2:50

a = 0.089(1) fm
L = 2.13 fm

mπ = 447, 313 MeV



Flavour Distribution
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Accessing Small Q2:
Partially Twisted 

Boundary Conditions

Modify boundary conditions on the valence quarks

allows to tune the momenta continuously

Bedaque                      hep-lat/0411033
Sachrajda &Villadoro hep-lat/0703005

ψ(xk + L) = eiθkψ(xk), (k = 1, 2, 3)

!pFT + !θ/L

q2 = (pf − pi)2 =
{

[Ef (!pf )− Ei(!pi)]2 −
[
(!pFT,f + !θf/L)− (!pFT,i + !θi/L)

]2
}

N(t, !p ′)

O(τ, !q)

N̄(0, !p)

θfθi

Jiang & Tiburzi, 
arXiv:0806.4371: 

Finite Volume effects for partially twisted b.c. 
small for pion form factor in the Breit frame
Nucleon form factors??

Introduces additional finite volume effect ∼ e−mπL



We need to extrapolate F2(q2) to q2=0 Model dependence

Accessing Small Q2:
Partially Twisted Boundary Conditions

Ph. Hägler [QCDSF]: Nf=2 Clover Monday 2:30



We need to extrapolate F2(q2) to q2=0 Model dependence

Accessing Small Q2:
Partially Twisted Boundary Conditions

Ph. Hägler [QCDSF]: Nf=2 Clover Monday 2:30



Neutron Form Factors

Phenomenological multipole fit (a la Kelly)
F (Q2) = F (0)(1 + c1Q

2 + cnQ2n)−1

F1 neutron negative at small Q2 How does “hump” change 
with quark mass?

QCDSF: Nf=2 Clover

GE(q2) = F1(q2)− q2

(2m)2
F2(q2)

mπ ≈ 900 MeV



H.-W. Lin, S. Cohen, R. Edwards, D. Richards 
mpi = 480, 720, 1100 MeV

Large Q2
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✦ Quenched 
✦ Variational methods 
✦ Three gaussian smearings
✦ Solve generalised eigenvalue 

problem to obtain Z’s and m’s
✦ Use Z’s and m’s in 3pt correlator and 

solve for form factors
✦ Smearing tuned for p=0 not ideal at 

large p

Monday 3:10



Nucleon-Roper Form Factors
H.-W. Lin, S. Cohen, R. Edwards, D. Richards [arXiv:0803.3020]

〈N2|jµ(!q)|N1〉 = ūN2(p
′)

[
F1(q2)

(
γµ − qµ

q2
q$
)

+ σµνqν
F2(q2)

MN1 + MN2

]
uN1(p)

Quenched study with variational methods at mpi = 480, 720, 1100 MeV

Monday 3:10



Nucleon-Roper Form Factors
H.-W. Lin, S. Cohen, R. Edwards, D. Richards [arXiv:0803.3020]
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✦ Asymptotic normalisation known from                  decay

✦ Allows to study the transistion from the soft regime (quark-
gluon correlations) to the hard regime (perturbative QCD)

✦ Low Q2:     measured directly by scattering high energy  
from atomic elections [CERN]

✦ High Q2: quasi-elastic scattering off virtual pions      
[DESY & JLab]

✦ Model dependence

Pion Form Factor
π → µ + ν

Fπ(Q2 →∞) =
16παs(Q2)f2

π

Q2

rπ = 0.657± 0.006 fm

π

π∗

γ∗

Fπ(Q2)

p n

π+Fπ



S.Simula et al., [ETMC]

✦ Nf=2 Twisted Mass fermions

✦ Stochastic prop (one-end trick)

✦ Twisted boundary conditionspole

VMD

Finite Volume?
Discretisation?

Pion Charge Radius



Pion Charge Radius
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a ≈ 0.114 fm

✦ Stochastic prop 
(one-end trick)

✦ Twisted 
boundary 
conditions

F
π

✦ Q2



Pion Form Factor
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Thursday 9:10
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Spin Sum Rule

1
2

=
∑

q

Jq(µ2) + Jg(µ2)

〈P ′|Tµν |P 〉 = U(P ′)
{

γµP
ν
A20(∆2) +

iσµρ∆ρP
ν

2mN
B20(∆2) +

∆µ∆ν

mN
C20(∆2)

}
U(P )

• Spin decomposed in terms of quark and gluon angular momentum

• Further decomposition into spin and orbital angular momentum
1
2

=
∑

q

1
2
∆Σq +

∑

q

Lq + ∆G + Lg

• Also expressed in terms of moments of GPDs

1 =
∑

q

Aq
20(0) + Ag

20(0)

=
∑

q

〈x〉q + 〈x〉g
0 =

∑

q

Bq
20(0) + Bg

20(0)

Momentum conservation:  Anomalous gravitomagnetic 
moment

• Matrix elements of the energy momentum tensor

Jq/g =
1
2
[Aq/g

20 (∆2 = 0) + Bq/g
20 (∆2 = 0)]



Generalised Form Factors A2, B2, C2

9

FIG. 8: Unpolarized (vector) generalized n = 2 form factors for the flavor combinations u − d (left) and u + d (right).
Disconnected contributions are not included.

That is,

ZO =
ZO,pert

Zpert
A

· Znonpert
A . (18)

In the continuum, because of Lorentz invariance, the totally symmetric operator q̄[γ5]γ{µDνDρ}q cannot mix with
the mixed symmetry operator q̄[γ5]γ[µD{ν]Dρ}q, where the square brackets denote antisymmetrization. In contrast,

on the lattice, both operators appear in the same representation, τ (8)
1 , so that they can and do mix. However, the

mixing coefficient[39, 40], ZO
ij = 2.88 × 10−3, is very small, so that we have ignored the contribution of the mixed

symmetry operator in this present work.
All results below have been transformed to a scale of µ2 = 4 GeV2.

LHPC: PRD 77, 094502(2008), 0705.4295
J. Negele Friday 5:00
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mπ ≈ 750 MeV Accessing 
Small Q2:
Partially 
Twisted 

Boundary 
Conditions

u-d

u-d
mπ ≈ 250 MeV

TBC to help?

Ph. Hägler [QCDSF]: 
Nf=2 Clover

Monday 2:30
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Monday 3:50
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Axial Coupling Constants       and
H.-W. Lin, K. Orginos [arXiv:0712.1214]

Mixed action (DWF+asqtad) at mpi = 350-750 MeV
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N* Axial Charges
T. Takahashi and T. Kunihiro, arXiv:0801.4707

✦ Nf=2 clover (CP-PACS)

✦ 163x32, a=0.1555(17) fm

✦ mps/mv = 0.804(1), 0.752(1), 
0.690(1)

✦ Construct optimised sources/sinks 
from a combination of
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c(x))
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Axial N to Δ
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6 (Q2)N → ∆Axial vector              : four addition form factors
Dominant axial form factors C5, C6 correspond to the nucleon axial GA, GP

C. Alexandrou, G. Koutsou, Th. Leontiou, J. W. Negele 
and A. Tsapalis PRD76, 094511,2007.
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C. Alexandrou, G. Koutsou, Th. Leontiou, J. W. Negele 
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Unquenching effects at small Q2??
Pion-pole dominance for C6



Δ electromagnetic form factors

Four form factors: GE0, GE2,GM1, GM3 given in terms of a1, a2, c1, c2

P. Moran et al. [Adelaide]
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ūσ(!p ′, s′)Oσµτuτ (!p, s)

Oσµτ = δστ

[
a1(q2)iγµ +

a2(q2)
2m∆

(p′µ + pµ)
]
− qσqτ

2m2
∆

[
c1(q2)iγµ +

c2(q2)
2m∆

(p′µ + pµ)
]



Δ electromagnetic form factors

Four form factors: GE0, GE2,GM1, GM3 given in terms of a1, a2, c1, c2

P. Moran et al. [Adelaide]

〈∆(!p ′, s′)|jµ|∆(!p, s)〉 = i

√
m2

∆

E∆(!p ′)E∆(!p)
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Four form factors: GE0, GE2,GM1, GM3 given in terms of a1, a2, c1, c2
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GM3 deviates from zero at small masses?

Quenched artifact (QChPT)

Should go away with 
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Δ electromagnetic form factors
[C. Alexandrou , Th. Korzec, Th. Leontiou J. W. Negele, A. Tsapalis]



Δ electromagnetic form factors
[C. Alexandrou , Th. Korzec, Th. Leontiou J. W. Negele, A. Tsapalis]

GE2 is negative    --> Delta oblate

GM3 consistent with zero. 
Deviate from zero at small masses?

Entering area to look for 
“bending down”



Rho Form Factor M. Gürtler [QCDSF]

〈ρ("p′, s′)|Jα|ρ("p, s) ∝ GE(Q2), GM (Q2), GQ(Q2)
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Transverse Spin Structure of the Nucleon

[Diehl & Haegler, 2005]   [Burkardt, 2005]
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Ph. Hägler (QCDSF) [PRL 98, 222001 (2007)]
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PionD. Brömmel (QCDSF) [arXiv:0708.2249]
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FIG. 2: Lattice results at β = 5.29 and mπ ≈ 600 MeV for
the first two generalized form factors Bπ,u

Tn0(t) for up-quarks
in the π+ as functions of the invariant momentum transfer t.
The corresponding p-pole parameterizations are shown by the
shaded bands.

where ∆⊥ is the transverse momentum transfer. The
momentum-space GFFs Bπ

Tn0(t) parameterize pion ma-
trix elements of local tensor quark operators,

〈π+(P ′)|Oµνµ1···µn−1

T |π+(P )〉 = AS
P̄µ∆ν − ∆µP̄ ν

mπ

×
n−1
∑

i=0
even

∆µ1 · · ·∆µi P̄µi+1 · · · P̄µn−1Bπ
Tni(t) (4)

with P̄ = 1
2 (P ′ + P ), ∆ = P ′ − P and t = ∆2. Here

AS denotes symmetrization in ν, . . . , µn−1 followed by
anti-symmetrization in µ, ν and subtraction of traces in
all index pairs. The tensor operators are given by

Oµνµ1···µn−1

T = AS q iσµν iD
↔µ1 · · · iD

↔µn−1 q (5)

with D
↔

= 1
2 (D

→
− D

←
) and all fields taken at space-time

point z = 0. The analogous matrix elements of local
vector quark operators are parameterized by Aπ

n0(t) as
specified in [6]. For definiteness we consider in the fol-
lowing the GFFs Aπ,u

n0 (t) and Bπ,u
Tn0(t) for up-quarks in a

π+. Their counterparts for down-quarks and for π− or
π0 can be easily determined by charge conjugation and
isospin invariance [3], since Wilson fermions preserve fla-
vor symmetry. We note that Aπ,u

10 (t) is identical to the
electromagnetic pion form factor Fπ(t), which we inves-
tigated in detail in [7].

Lattice QCD results.— Based on our simulations with
Wilson gluons and dynamical, non-perturbatively O(a)
improved Wilson fermions with nf = 2, we have eval-
uated the matrix elements in Eq. (4) for n = 1, 2 and
momentum transfers up to −t ≈ 3GeV2. Configurations
have been generated at four different couplings β = 5.20,
5.25, 5.29, 5.40 with up to five different κ = κsea values
per β, on lattices of sizes V ×T = 163 × 32 and 243 × 48.
We have set the lattice scale a using a Sommer parame-
ter of r0 = 0.467 fm [8, 9]. The pion masses are as low as
400MeV, spatial volumes are as large as (2.1 fm)3, and
lattice spacings are below 0.1 fm. Details on the lattice
parameters are given in [7]. The computationally de-
manding disconnected contributions present for even n
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a2 fm2
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FIG. 3: Study of discretization errors in Bπ,u
T10(t=0)/mπ.

are not included. For the tensor GFFs Bπ
Tn0 we expect

them to be small in the physical limit, since they require
a chirality flip on a quark line and are thus suppressed
by the quark mass [10]. The lattice results have been
transformed to the MS scheme at a scale of 4GeV2 using
non-perturbative renormalization [11]. Further informa-
tion on the procedures to compute GFFs in lattice QCD
can be found, e.g., in [7, 12, 13], and details of the present
analysis will be given in [14].

As an example we show in Fig. 2 the t dependence
of the GFFs Bπ,u

Tn0(t) for n = 1, 2 at β = 5.29 and a
pion mass of mπ ≈ 600MeV. The extrapolation to the
forward limit t = 0 requires a parameterization of the
t dependence of the lattice results. Since the statistics
and t range of our data is not yet sufficient for sophis-
ticated multi-parameter fits, we use a standard p-pole
form F (t) = F0/[1− t/(pm2

p)]
p, where the forward value

F0 = F (t=0) and the p-pole mass mp are free parameters
for each GFF. Good fits are obtained in a wide range
of p, with a preference for relatively low values. On the
other hand, it was shown in [5] that a regular behavior
of ρn(b⊥, s⊥) in the limit b⊥ → 0 (which is of course in-
accessible in a lattice calculation) requires p > 3/2 for
Bπ,u

Tn0(t). We therefore take p = 1.6 in the following. For
the examples in Fig. 2 we obtain Bπ,u

T10(t=0) = 0.856(60)
with mp = 0.949(57)GeV for the first, and Bπ,u

T20(t=0) =
0.206(24) with mp = 1.239(30)GeV for the second mo-
ment. We stress that our final results show only a mild
dependence on the chosen value of p. Taking, e.g., p = 2,
which corresponds to the power behavior for t → −∞
expected from dimensional counting, changes our fits of
Bπ,u

T (n=1,2)0 by less than the statistical errors even beyond

the region −t < 3GeV2 where data is available [14].
Before discussing potential discretization and finite

size effects as well as the pion mass dependence of our
results we note that, due to the prefactor m−1

π in the pa-
rameterization (4), the GFFs Bπ

Tn0(t) must vanish like
mπ for mπ → 0 [3]. This is also required to ensure that
the densities in Eq. (1) stay positive and finite in the chi-
ral limit. In the following we therefore consider the ratio
Bπ

Tn0

/

mπ, which tends to a constant at mπ = 0.

Figure 3 shows the dependence of Bπ,u
T10(t=0)

/

mπ on
the lattice spacing a for two ranges of pion masses, where
we have excluded those lattice data points which are most
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together with corresponding profile plots. The quark spin
(inner arrow) is oriented in the transverse plane as indicated.

distribution of a transversely polarized up-quark is within
errors of the same strength in a π+ and in the proton. An
explanation of this finding has recently been proposed in
the framework of quark models [16].

The moments of the GPDs Eπ
T in the pion and ET in

the nucleon can be connected with the respective Boer-
Mulders functions, which describe the correlation be-
tween transverse spin and intrinsic transverse momen-
tum of quarks in an unpolarized hadron [17]. They lead,
e.g., to azimuthal asymmetries in semi-inclusive deep in-
elastic scattering (SIDIS) and in Drell-Yan lepton pair
production. The density of quarks with intrinsic trans-
verse momentum k⊥ and transverse spin s⊥ in a π+ is
determined by the unpolarized distribution fπ

1 and the
Boer-Mulders function hπ,⊥

1 through

f(x, k⊥, s⊥) =
1

2

[

fπ
1 (x, k2

⊥) +
si
⊥εij kj

⊥

mπ
hπ,⊥

1 (x, k2
⊥)

]

.

(7)
We notice the close similarity between Eq. (7) and the
impact parameter density (1), but emphasize that k⊥
and b⊥ are not Fourier conjugate variables. A dynamical
relation between k⊥ and b⊥ dependent distributions has
been proposed in [18, 19] and implies h⊥,π

1 ∼ −Eπ
T for

the distribution appearing in SIDIS—we recall that h⊥,π
1

is time reversal odd and thus enters with opposite signs
in SIDIS and Drell-Yan production [20]. With this rela-
tion, our results for Bπ

Tn0 imply that the Boer-Mulders
function for up-quarks in a π+ is large and negative, and
that its ratio to the unpolarized distribution is similar for
up-quarks in a π+ and in a proton.

Conclusions.— We have calculated the first two mo-
ments of the quark tensor GPD Eπ

T in the pion. We find
that the spatial distribution of quarks is strongly dis-

torted if they are transversely polarized, which reveals a
non-trivial spin structure of the pion. The effect has the
same sign and very similar magnitude as the correspond-
ing distortion for quarks in the nucleon [4]. Assuming
the relation between impact parameter and transverse
momentum densities proposed in [18, 19] this suggests
that all Boer-Mulders functions for valence quarks may
be alike, as argued in [16]. The large size of the effect
might give new insight into the mechanism responsible
for the large cos(2φ) azimuthal asymmetry observed in
unpolarized πp Drell-Yan production, which is sensitive
to the product h⊥,π

1 h⊥
1 , see, e.g., the discussion in [21]

and references therein. It also provides additional mo-
tivation for future studies of azimuthal asymmetries in
unpolarized πp and polarized πp↑ Drell-Yan production
at COMPASS, the latter giving rise to a sin(φ + φS)
asymmetry sensitive to h⊥,π

1 h1, where h1 is the quark
transversity distribution in the nucleon [22].

The numerical calculations have been performed on
the Hitachi SR8000 at LRZ (Munich), apeNEXT and
APEmille at NIC/DESY (Zeuthen) and BlueGene/Ls
at NIC/FZJ (Jülich), EPCC (Edinburgh) and KEK (by
the Kanazawa group as part of the DIK research pro-
gram). This work was supported by DFG (Forscher-
gruppe Gitter-Hadronen-Phänomenologie and Emmy-
Noether program), by HGF (contract No. VH-NG-004)
and by EU I3HP (contract No. RII3-CT-2004-506078).
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Information on distribution of quarks with longitudinal 
momentum fraction,    , and transverse momentum, 

f1(x, k⊥)
k⊥x

Factorisation in SIDIS 〈P |q̄(l) ΓU q(0)|P 〉

[DWF + asqtad]
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f1(x, k⊥)
k⊥x
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[DWF + asqtad]

C3pt(τ, tsink, P, Γ)
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007)

Information on distribution of quarks with longitudinal 
momentum fraction,    , and transverse momentum, 

f1(x, k⊥)
k⊥x

Factorisation in SIDIS 〈P |q̄(l) ΓU q(0)|P 〉 (Lattice)

[DWF + asqtad]

C3pt(τ, tsink, P, Γ)
C2pt(tsink, P )

0!τ!tsink−→ 〈P |q̄(l) ΓU q(0)|P 〉 ∝ Ãi(l2, l · P )

1
2

(
f (1)lat
1 (k⊥) +

k⊥ · S⊥
mN

g(1)lat
1T (k⊥)

)
In a transversely polarised nulcleon: from Ã7

Γ Ãi

γµ Ã2, Ã3

γµγ5 Ã6, Ã7, Ã8

fn=1
1,lat(!kT ) =

∫
dx f1(x,!k⊥) =

∫
d2!"⊥
(2π)2

ei!k⊥·!"⊥2Ã2(|!"⊥|, 0)
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Transverse Momentum Dependent PDFs
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Distribution Amplitudes
Exclusive processes at large                 can be factorised into:Q2 →∞

γ

xp

x̄p
yp′

ȳp′

π(p)

π(p′)

φ†

φ T (x, y, Q2)

x + x̄ = 1

F (Q2) =
∫ 1

0
dx

∫ 1

0
dyφ†(y, Q2)T (x, y, Q2)φ(x,Q2)

[
1 +O(m2/Q2)

]

〈0|q̄(−z)γµγ5[−z, z]u(z)|Π+(p)〉 = ifΠpµ

∫ 1
−1 dξ e−iξp·zφΠ(ξ, µ2)

ξ = x− x̄

• perturbative hard scattering amplitude (process dependent) 
• nonperturbative wave functions describing the hadron's overlap with 

lowest Fock state (process independent)

∫ 1
−1 dξ φΠ(ξ, µ2) = 1

• For spin 1 mesons: 

φ‖(ξ), φ⊥(ξ)



Meson Distribution Amplitudes
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Meson Distribution Amplitudes

〈0|q̄(0)γ{ρ

↔
Dµ} s(0)|K∗(p, λ)〉 = mK∗fK∗p{ρε

(λ)
µ} 〈ξ1〉‖K∗

〈0|q̄(0)γ{ρ

↔
Dµ

↔
Dν} q(0)|ρ(p, λ)〉 = −imρfρp{ρpµε(λ)

ν} 〈ξ
2〉‖ρ

ρ,K∗

UKQCD/RBC: in preparation

QCDSF: PoS, Lattice 2007

π,K QCDSF: PRD 74, 074501 (2006)
UKQCD/RBC: PLB 641, 67 (2006)
     arXiv:0710.0869 (Lattice 2007)
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〈ξ〉‖K∗ ∼ 0.02(2) 〈ξ〉‖K∗ = 0Sum Rules Asymptotic

〈ξ〉⊥K∗ ∼ 0.03(3) 〈ξ〉⊥K∗ = 0

Vector Meson Distribution Amplitudes
ρ,K∗

QCDSF:

UKQCD:

〈ξ2〉‖K∗,ρ = 0.2〈ξ2〉‖K∗,ρ ∼ 0.24(2)

〈ξ2〉‖K∗ ≈ 0.252(17)(12)

〈ξ〉‖K∗ ≈ 0.0359(17)(22)

〈ξ2〉‖ρ ≈ 0.240(36)(12)

〈ξ〉‖K∗ ≈ 0.036(3)

〈ξ〉⊥K∗ ≈ 0.030(2)

MS, µ2 = 4GeV2



Nucleon Distribution Amplitudes

• Expansion in local matrix elements give moments

εabc〈0|[ilDλ1 . . . Dλlua
α(0)](Cγρ)αβ [imDµ1 . . . Dµmub

β(0)][inDµ1 . . . Dνn(γ5d
c
γ(0))γ ]|p〉

= −fNV lmnpρpλ1 . . . pλlpµ1 . . . pµmpν1 . . . pνnNγ(p)

Momentum conservation:

• Three distribution amplitudes for the proton: V, A, T

N. Warkentin (QCDSF) [arXiv:0804.1877]

φlmn = φ(l+1)mn + φl(m+1)n + φlm(n+1)

φlmn =
1
3
(V lmn −Almn + 2T lnm)

DA normalisation

φ000 ≡ 1

Useful combination:

Wednesday 3:30

1 = φ100 + φ010 + φ001

= φ200 + φ020 + φ002 + 2(φ011 + φ101 + φ110)



φ100 − φ010

Asymmetries important

ϕ(xi, Q
2 →∞) = 120x1x2x3Asymptotic behaviour

φ100 = φ010 = φ001 =
1
3

φ200 = φ020 = φ002 =
1
7

φ110 = φ101 = φ011 =
2
21



Constrained Analysis
Rlmn =

φlmn

S(l+m+n)

S1 = φ100 + φ010 + φ001

S2 = φ200 + φ020 + φ002 + 2(φ110 + φ101 + φ011)

DA correlator ratios

Standard Constrained

Asymmetries less pronounced than for QCD-SR!
u-quark with spin aligned with proton spin has largest momentum fraction

Asymptotic case: Sum Rules

N. Warkentin (QCDSF) [arXiv:0804.1877]
Wednesday 3:30
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✦ Pion Form Factor
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✦ Strange Quarks in the Proton
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Octet Baryon Form Factors
H.-W. Lin, K. Orginos

Mixed action (DWF+asqtad) at mpi = 350-750 MeV
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✦ Smaller strange contribution to charge radii

✦ Similar behaviour to quenched (Adelaide)



Mixed action (DWF+asqtad) at mpi = 350-750 MeV
Strangeness

Indirect: Charge symmetry + chiral extrapolations
[D.Leinweber et al., PRL 94, 212001 (2005); 97, 022001(2006)]
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Disconnected

N(t, !p ′)N̄(0, !p)

O(τ, !q)
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T. Doi [Kentucky]〈x〉g, 〈x〉s

✦ Nf=2+1 clover (CP-PACS/JLQCD)

✦ Z(4) noise sources (300)

✦ Multiple source locations

✦ Sum over operator insertion times

✦ fit to slope

✦ Overlap operator for Fµν

[PLB 659, 773 (2008)]

< x >s̄
1
2 (< x >ū + < x >d̄)

≈ 85% CTEQ: 0.27 < r < 0.67

Thursday 11:40



Gs
S(q2 = 0), Gs

A(q2 = 0) = ∆s

243 × 64

Thursday 10:40

R. Babich [Boston]anisotropic Nf=2 Wilson
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✦ Gunnar Bali

✦ “Hunting for the strangeness content of the nucleon”

Other Disconnected/
Strangness Talks

Thursday 11:00

using variance-reduced all-to-all propagators∆s



Background Field & Polarizabilities
✦ Andrei Alexandru      Monday 5:20

✦ “The background field method on the lattice”

✦ Christopher Aubin     Monday 5:40

✦ “Finite volume study of the Delta magnetic 
moments using dynamical clover fermions”

✦ Brian Tiburzi               Monday 6:00

✦ “Polarizabilities from Lattice QCD”

✦ Scott Moerschbacher  Monday 6:20

✦ “Magnetic polarizability of hadrons from 
dynamical configurations”

αn
E

αE

µ∆+ , µ∆++ , µΩ−

both neutral and 
charge hadrons

(Clover on DWF)

βp,n
M

(CP-PACS configs)



Conclusion & Outlook
✦ Calculations of hadronic quantities becoming available at                     

(beware finite size effects) 

✦ q2 scaling of hadronic form factors   

✦ Twisted b.c.s give access to small q2 (charge radii, F1
n negative)

✦ Large q2 > 4 GeV2?(JLab)

✦ Moments of Generalised Parton Distributions

✦ Quark contribution to nucleon spin and angular momentum

✦ Non-trivial transverse spin densities in pion and nucleon

✦ Moments of Ordinary Parton Distribution Functions

✦ Finite sized effects severe for gA

✦ Results for               appear to be “bending down”

✦ Moments of Distribution Amplitudes

✦ Proton: Asymmetries are less pronounced as in QCD-SR

mπ ≈ 250 MeV

Jd ≈ 0
Lu+d ≈ 0

Ju ≈ 46%

〈x〉u−d



Conclusions and Outlook

✦ Moments of Transverse Momentum Dependent PDFs

✦ Densities of longitudinally polarised quarks in a transversely 
polarised nucleon are deformed

✦ Disconnected contributions

✦ Strangeness/gluonic content of nucleon

✦ Contribution to nucleon spin

✦ Background field methods

✦ Magnetic moments

✦ Polarisabilities

f (1)
1 (!k⊥), g(1)

1 (!k⊥)

Also important to develop new techniques/ideas


