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Worst pun contender,

A Missol Work to-Cover ==

+ 32 parallel talks Lattice 2007: 26 talks, 1 poster
Lattice 2006: 19 talks 4 posters

+ 2 posters

Thanks to those who provided material
+ >120 pages of material

+ >200 hgures!

Sorry if I've left out your favourite result
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Topics to Cover
Form Factors (p1, 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
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Form Factors
Nucleon Q?Scaling

W, 5 @Dlp, 5) =A@, ') |7 Fula?) + i S Fala?) | ulp, )

GBI B(t, 1) = Z e_EP’(t_T)e_EPT<Q‘X’p’, s ), s'|J*|p, s ){p, 3 X‘Q>
Naive exgez’tsation ﬁom dimensional counting [Brodsky & Farrar, 1973]
F1 = (dipole?) £(0)
Q! (1+Q* /M2y
Fy, é (tripole?)
OF, Pre JLab =
I Gum




Form Factors
Nucleon Q?Scaling

W, 5 @Dlp, 5) =A@, ') |7 Fula?) + i S Fala?) | ulp, )

GBJMB(t’ ,7_) = Z e Ept (t—T)e—EpT<Q‘X’p/, S/><p/, S/Uu D, S><p, = Y‘Q>
Naive expectation ﬁom dimensional counting [Brodsky & Farrar, 1973]
1
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@ (1+Q2/M2)p
1 :
Fy, Qs (tripole?)
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Form Factors

Nucleon

Q? Scaling
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Naive expectation ﬁom dimensional counting [Brodsky & Farrar, 1973]
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Electric Form Factor
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Ny=2+1 Domain Wall Fermions

RB C/ U KQ CD [Takeshi Yamazaki] Monday 4-10
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[LHPC on RBC/UKQCD Configurations

Ni=2+1 Domain Wall Fermions

O DWF+MILC, m_=356 MeV,a ' = 1.588 GeV

00 DWF+DWF, m_=355MeV, a’ =2346 GeV

F" Q)

S. Syritsyn Friday 5:40

el = = [0 E
m.. ~ 330MeV

el = ) 5 Co
m, =~ 355, 208MeV

DWEF n=3 formfactor comparison

Also see Monday 3:50
M. Lin, DWF + asqtad

New results at myi=293 MeV

m,=298 MeV, a"|=2.346 GeV =
m_ =329 MeV, a_1=1.729 GeV —8—
m_=355MeV,a =2.346 GeV o

| | | |
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T. Korzec [ETMC]  Monday 2:50
Nr=2 Twisted Mass Fermions
a = 0.089(1) fm
L =213 fm

Electric Sachs form factor of the proton

M, = 447, 313 MeV

Magnetic Sachs form factor of the proton
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Flavour Distribution
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Accessing Small Q2
Partiaﬂy Twisted
Boundary Conditions

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

KA

¢ Modity boundary conditions on the valence quarks
Yk + L) = e P(ar), (k=1,2,3)

% allows to tune the momenta continuously prT + 0/L

¢ = (pr—pi)° = {[Ef(ﬁf) - Bl - {(ﬁFT’f el @/L)r}

% Introduces additional finite volume effect ~ ¢~ "'~ L

Jiang & Tiburzi, Finite Volume effects for partially twisted b.c.
arXiv:0806.4371: small for pion form factor in the Breit frame

Nucleon form factors??



Accessing Small Q~:
Partially Twisted Boundary Conditions
Ph. Hdagler [QCDSF]: Ni=2 Clover =~ Monday 2:30
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Accessing Small Q~:
Partially Twisted Boundary Conditions
Ph. Hdagler [QCDSF]: Ni=2 Clover =~ Monday 2:30

— dipole
- = tripole |7




0.1 .
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Neutron Form Factors

QCDSF': Ni=2 Clover
Phenomenological multipole fit (a la Kelly)
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Large Q*

H.-W. Lin, S. Cohen, R. Edwards, D. Richards Monday 3:10
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Nucleon-Roper Form Factors Monday 3:10
H.-W. Lin, S. Cohen, R. Edwards, D. Richards [arXiv:0803.3020]
Quenched study with variational methods at my; = 480, 720, 1100 MeV

(Nl @IV = a8 | P16 (0 = ) + st i [ 0




Nucleon-Roper Form Factors Monday 3:10
H.-W. Lin, S. Cohen, R. Edwards, D. Richards [arXiv:0803.3020]

Quenched study with variational methods at my; = 480, 720, 1100 MeV
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Pion Form Factor

+ Asymptotic normalisation known fromm — 1 + vdecay
2 1677048 (Qz ) f 7%
Fu(@ — o0) = 212
+ Allows to study the transistion from the soft regime (quark-
gluon correlations) to the hard regime (perturbative QCD)

T
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PIOH Charge Radius
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Pion Charge Radius

[Boyle et al. [UKQCD/RBC], DWF N=2+1, arXiv: 0804.3971]
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Pion Form Factor  Thyrsday 9:10
T. Kaneko [JLOCD]: Nf=2 Overlap, all-to-all propagators
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Spin Sum Rule

* Spin decomposed in terms of quark and gluon angular momentum

e Further decomposition into spin and orbital angular momentum
1 1
e Also expressed in terms of moments of GPDs
Gl GnD q/ 90 A2
Tuta = SIAYY (A% = 0) + BYO (A2 = 0)
e Matrix elements of the energy momentum tensor

w“pA P’ EXHEAY

R P R T Bao(A?) + Coo A2

.




Generalised Form Factors As, B9, Co

LHPC: PRD 77, 094502(2008), 0705 .4295

J. Negele ﬂrlday 5:00

06| m.—496MeV. 20% u-d | m.—496MeV. 20% u+d

0.4] e,
(f)c\)' 02m 3 1 At o d "
m
g 0 '
<L

_02}

04}

06/ 'm,=356MeV, 20° u-d L m=356MeV, 20° usd

0.4} {
8 i - ',;Azo B *
% o2r N [ & i “
EE— 0 % 29 56 —— g: %Bzo ‘s §{ | —

¢

< 02t %Bzo - 5 i 4 s 1 +§A

Y Aog J e

_04T C20

06! 'm,=353MeV, 28% u-d % % m,=353MeV, 283 u+d

|

04| &
8 i 9} AZ()ﬁ ii g?
Q 02 # ﬂ#
cal. 0 ? * T% ﬂBZO T
g ¢
< I } Boo l & g Xﬁ

_04[ Ca0 [

0O 02 04 06 08 1 120 02 04 06 08 1 12
—t[GeV? —t [GeV?2]



Lattice 2007: 0710.1534 PRD 77, 094502(2008), 0705.4295
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Axial Coupling Constants g== and gzx
H.-W. Lin, K. Orginos [arXiv:0712.1214]
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N* Axial Charges
T. Takahashi and T. Kunihiro, arXiv.,0801 4707
+ N¢=2 clover (CP-PACS)
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Dominant axial form factors Cs, Cs correspond to the nucleon axial Ga, Gp
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A electromagnetic torm factors P Moranetal. [Adelaide]
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A electromagnetic torm factors P Moranetal. [Adelaide]
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A electromagnetic form factors
[C. Alexandrou , Th. Korzec, Th. Leontiou J. W. Negele, A. Tsapalis|]



A electromagnetic form factors
[C. Alexandrou , Th. Korzec, Th. Leontiou J. W. Negele, A. Tsapalis|]
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Transverse Spin Structure of the Nucleon
Ph. Héigler (OCDSF) [PRL 98, 222001 (2007)]

Transverse densities:
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Transverse Spin Structure of the Nlﬁ(&:on
Pion
Transverse densities:
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Transverse Spin Structure of the Nlﬁ(&:()n
Pion
Transverse densities:
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Transverse Spin Structure of the Nlﬁ(&:on
D. Brommel (QCDSF) [arXiv:0708.2249]
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Deformed Spin Densities
Pion
D. Brommel (OCDSF) [arXiv:0708.2249]
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007) [DWF + asqtad]

f1(z, k1) Information on distribution of quarks with longitudinal
momentum fraction, = and transverse momentum, k 5

Factorisation in SIDIS (P|q(l) Tt q(0)|P) = =

! o




Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007) [DWF + asqtad]

f1(z, k1) Information on distribution of quarks with longitudinal
momentum fraction, = and transverse momentum, k 5

Factorisation in SIDIS (P|g(l) '/ q(0)|P) ¢ ‘/O’ (Lattice)

nucleon nucleon

source sink

CY3pt (7-7 tsinka Pv F) 0L 7K Lsink
—

& P (P|lg()) TU q(0)|P) x A;(I%,1- P)

Euclidean
>

i i i
0 T g time



Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007) [DWF + asqtad]

f1(z, k1) Information on distribution of quarks with longitudinal
momentum fraction, = and transverse momentum, k 5

Factorisation in SIDIS (P|g(l) '/ q(0)|P) ¢ ‘/O' (Lattice)
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007) [DWF + asqtad]

f1(z, k1) Information on distribution of quarks with longitudinal
momentum fraction, = and transverse momentum, k 5
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattice 2007) [DWF + asqtad]

f1(z, k1) Information on distribution of quarks with longitudinal
momentum fraction, = and transverse momentum, k 5

Falctorisatlion in SIDIS (P|q(l)T'U q(0)|P) ¢ ‘/O' (Lattice)
G S i i
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S A27 AS
S Yu¥s As, A7, Ag
. el
Pk = [ dofi@ k) = [ Gobe T TadylL,0)
In a transversely polarised nulcleon: from A-
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattlce 2007) Friday 3:30
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Transverse Momentum Dependent PDFs
B. Musch [LHPC], arXiv:0710.4423 (Lattlce 2007) Friday 3:30
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Distribution Amplitudes
Exclusive processes at large ()° — 0o can be factorised into:

e perturbative hard scattering amplitude (process dependent)
* nonperturbative wave functions describing the hadron's overlap with
lowest Fock state (process independent)

F(Q%) = /O g /O dyd' (y, Q)T (@, y, Q) b(x, Q%) [1 + O(m?/ Q)]

Cil=2rm— =0 f_11 d€ e8P % gy (€, u?)

8

. R

e

® For spin | mesons:

vz =1 NG 8(8), ¢-(0)



Meson Distribution Amplitudes
D. Brémmel [UKQCD/RBC] 2+1 DWF Friday 3:10



Meson Distribution Amplitudes
D. Brommel [UKQCD/RBC] 2+1 DWF Friday 3:10

7, I 0cDSF: PRD 74, 074501 (2006)
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Meson Distribution Amplitudes
D. Brommel [UKQCD/RBC] 2+1 DWF Friday 3:10

7, I ocpsF: PRD 74, 074501 (2006)
UKOCD/RBC: PLB 641, 67 (2006)
arXiv:0710.0869 (Lattice 2007)
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Meson Distribution Amplitudes
D. Brommel [UKQCD/RBC] 2+1 DWF Friday 3:10
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Vector Meson Distribution Amplitudes

p,K* MS, u2 =4GeV*® g ~
(&) ~ 0.036(3)

QOCDSF:
(&) %. ~ 0.030(2)
(O ~0035017)(22)
UKQCD: (£2)) ~ 0.240(36)(12)
(@) 2 0227)(12)
Sum Rules (£), ~ 0.02(2) Asymptotic (£)] . =0
(€)%~ ~ 0.03(3) (€)%, =0
(6%) v, ~ 0-24(2) €. =02



Nucleon Distribution Amplitudes
N. Warkentin (QCDSF) [arXiv:0804. ]877] Wednesday 3:30

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

(¢ Expansion in local matrix elements give moments B
e®*e(0|[¢' D ... DMul(0)](CHP)ap[i™ D ... D*mup(0)][iD** ... D" (v5d5(0))4]|p)

. _ _valminpAl ...pAlpﬂl ...p/impyl anN,y(p) y

Useful combination: 1
¢lmn = §(‘/lm/n = Almn = 2Tlnm)

Momentum conservation: ¢lmn = ¢(l—|—1)mn o ¢l(m—l—1)n = ¢lm(n—|—1)




Asymptotic behaviour

( . °
Asymmetries important

H100 _ 4010




= * . N. Warkentin (QCDSF) [arXiv:0804.1877]
Constrained Analysis Wednesday 3:30

: Imn
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Jefterson Lab Research Program

http://www.jlab.org/highlhights/phys.html

Electric and Magnetic Proton Form Factors
Neutron Charge Density

Neutron Magnetic Structure
Nucleon-Delta Transition

Pion Form Factor

Generalized Parton Distributions
Spin Sum Rules
Nucleon Spin Asymmetries

Strange Quarks in the Proton


http://www.jlab.org/highlights/phys.html
http://www.jlab.org/highlights/phys.html
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Octet Baryon Form Factors
H.-W. Lin, K. Orginos
Mixed action (DWF +asqtad) at mp; = 350-750 MeV

Smaller strange contribution to charge radn

Similar behaviour to quenched (Adelaide)

0.6



Strangeness

ZRS

L d u” 5= =
GM_(1—5R3> [2p+n——(2 — % )

u>

le

- _
G = L) lp+2n— o2 -E"

/ -

ChPT

O 0 C

—0.15%

H.-W. Lin, K. Orginos
Mixed action (DWF +asqtad) at mp; = 350-750 MeV

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




SX>g (gilue)

(T)gs (T)s

w/0 re=1
0.154Q0(s)

=0.15400(ud),

nuc

Slope before subtraction = 0

\\\\

|500 Configurations and taxi len44, Noises=2

(source time+l) tP

|Summation of Insertion Time:

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

+ N¢=2+1 clover (CP-PACS/JLQCD)

+ Z(4) noise sources (300)

+ Multiple source locations

+ Sum over operator insertion times

»ﬁt to slope
[PLB 659, 773 (2008)]

/ <x>, (disconnected)

S

+ Overlap operator for I,

T. Doi [Kentucky] Thursday 11:40

<x>, (strangeness)

(sinl
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GSS(q2 = 0), G‘z(q2 =0) =As Thursday 10:40
243 x 64 anisotropic Ni=2 Wilson  R. Babich [Boston]

Stochastic sources with L . .
e e v Consistent with zero

As can be obtained with mg{N|5s|N)

frs = — 0.48(7)(3)
30% errors M nr
=t =0
0.005 — ; . . ; — . . . 5 ; .
I Ga(0))5 = -0.0061(21) ——— G&(0), = 2.56(33) ——
4 L
0 =
3 [
= -0.005 |+
2 s
-0.01 I
O =
-0.015
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T. Kaneko [JLOCD|]: Nf=2 Overlap,

Scalar Form all-to-all propagators Thursday 9:10

Factor Include disconnected contribution
i [ ' ' ' [ ' ' ' [ ' ' ' [
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Other Disconnected/
Strangness Talks

+ Gunnar Bah Thursday 11:00

+ “Hunting for the strangeness content of the nucleon”

As using variance-reduced all-to-all propagators



Background Field & Polarizabilities

Andrei Alexandru  Monday 5:20 Q"
E

“The background field method on the lattice”
Christopher Aubin  Monday 5:40

HA+, a++, HO—
“Finite volume study of the Delta magnetic
moments using dynamical clover fermions”

Brian Tiburzi Monday 6:00 aFp

SR : both neutral and
“Polarizabilities from Lattice QCD”  charge hadrons

Clover on DWF
Scott Moerschbacher Monday 6:20 : :
p;n
“Magnetic polarizabdity of hadrons from i

dynamecal configurations” (CP-PACS configs)



Conclusion & Outlook

Calculations of hadronic quantities becoming available at M =~ 250 MeV
(beware finite size effects)

q° scaling of hadronic form factors
Twisted b.c.s give access to small q? (charge radii, F1” negative)
Large q° > 4 GeV??(JLab)

Moments of Generalised Parton Distributions

J, ~ 46%
Jd ~ ()
Lu—l—d ~ (

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 <CE’> u—d appear to be “bending down”
Moments of Distribution Amplitudes

Proton: Asymmetries are less pronounced as in QCD-SR



Conclusions and Outlook

Also important to develop new techniques/ideas

Moments of Transverse Momentum Dependent PDFs f(l) (EJ_) (1) (/ﬂ_)

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



