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Introduction

Form factors

@ Internal structure of hadrons — (generalised) form factors
@ low energy quantities — lattice

@ nucleon, pion, p meson

@ heavy pions, p meson stable

@ representative for spin 1 particle
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Introduction

Form factors

interaction hadron - e.m. current
(P.s' 1% p.s) =

(2 V Ep(ﬁ’)Ep(ﬁ)) ) & (0,8 (0, p)es (P, S)

for parametrised by
J’raa(p/’p) _ —G1 (02) gTO' (pa _|_p/a)
_GZ (02) (gao'qT _ ga‘rqa)

P +p°
© ( 02) O ~T
momentum transfer @ = —q? = —(p’ — p)j_ 3 aq 2m§

polarisation vectors e
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Introduction

Form factors

Sachs form factors

Ge (oz) - G (02)+2/3nGQ (oz)

G () = G (@)

Go (@) = Gi (@) —Go(Q?)+(1+1)Gs ()
0=/ (or2)

Interesting static quantities

@ charge radius (r?) = —6% |20

@ magnetic moment pp = ﬁGM(O), aka g factor
@ quadrupole moment ;g = -5 Gqa(0) m
P 4t Minchen

A\
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Introduction

What to expect

@ Samsonov et al:uy = 1.8(3)(QCD sum rules in ext.
ﬁeIdS)JHEP 0312:061,2003

@ Bhagwat et al:(r?) = 0.54 fm?,uy = 2.01, ug = —0.41 fm?
(Dyson-Schwinger eQgs.) physrev.c77:025203,2008

@ Aliev et al:Gy/G¢e > 2 (light cone sum rules; don’t work at
small Qz)Phys.Rev.D70:094007,2004

@ Choi et aluy = 1.92, ug = —0.43 fm? (Light front quark
m0de|)Phys.Rev.D7o:053015,2004

@ Alexandrou et al:p is non-spherical; (density-density
correlators, lattice)pnys rev.nss:094503 2002

@ Hedditch et ak(r?) ~ 0.6 fm?, puy ~ 2.3,
1a ~ —0.005 fm?(quenched lattice simulation, standard
3pt technique)enys rev.075:094504 2007
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Introduction

Lattice method

compute three point functions involving (p’, s’ |J*| p, S)
(and two point functions)

system of equations R, (p, p') = >_; ¢;G; for each Q?

solve numerically (x2 minimisation) ~~ G;(Q?)
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Introduction

Lattice matrix elements

can be extracted from three point functions

Ga (6,7, B) = Ly g™ P %967 (Q |, ()21 (0)| 2) J
J(7)

xH(B,0) xu(P', 1)

choice of t critical
we will also need the two point functions

Gt B) = L 67 (2 |xu(x)x}(0)] @) J nm
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Introduction

transfer matrix formalism; 0 << 7 << t

e p(l_jl)(t—T) e Ep (5)7'

lim G (t,7,5,0) = A(B)X (B
T—00 p,z/( ) 4E( ) (p) P( ) P( )
t—1—o00
/! A
PLPr frao PoPy
X g,m- _ m2 g0'1/ — m2
P 4
X-overlap of interpolating operator XT = dy,uwith p
1 —,
(2]xu(0)] p(B, 8)) = 1/2Ex(B)  Xp(Ben(p, s)
sum over polarisations using transversality condition >°¢ €. (p, 8)e; (p, S) = —guv + P;Lpu/mf) -
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Introduction

R (7_ ﬁ, b,) _ Gﬁy(ta T, ﬁlaﬁ) Gw/(t_ T, 5)GMM(T7 5I)Gﬂﬂ(t7ﬁ/)
SRR Guu(t. )\ Guw(7,P)Gup(t — 7,0') G (1, )

is independent of ~
(u,v=1...3)
t fixed;potential problems with , /, argument can be negative
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Introduction

Details of the lattice calculation

QCDSF-UKQCD configurations
2 dynamical flavours of Wilson fermions

non-perturbatively improved Dirac operator
i/4Cswag?h(X)ou Fuy (X)1(X), csw(g) (ALPHA coll.)
(Jacobi) smeared sources and sinks

@ local vector current ~ renormalisation Zy = 1/G{""(0)
@ compute for 3 values of ¢ and 17 values of p and alll

polarisation combinations

no disconnected contribution (GYs¢(U) = —GYisc(U*)), both
have equal weight
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Introduction

Lattices

Volume | 8 | & | mg[MeV] | alfm]
16232 [ 5.29 [ 0.13500 | 929(2) | 0.089

16232 | 5.29 | 0.13550 | 784(3) | 0.084
24848 | 529 | 0.13590 | 591(2) | 0.080
24848 | 529 | 0.13620 | 406(6) | 0.077
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Results

two-point function example

log(G11(t))

le+14

le+13

le+12

le+11

le+10

le+09

B=529 k=0.13620 Vol24248 m, = 406(5)MeV

‘cosh fit
e fi
E £ m, = 900(1)MeV 1
fﬂfﬁf p =

Tm
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Results

Ratio example

Q? =0, 8 =5.29, k = 0.13590, Vol=24348, iop=4

0 2 4 6 8 10 12
mm
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Results

Example for form factor fits

B =529 k=.13620 Vol24348 m, = 406MeV

2 T T T T T
GC A
Gum
1.5 F GQ —%— o
E:
1 % E: |
0.5 E 41 z x ]
=1 I X
ES
] | I
-0.5 + 1 E
_1 Il Il Il Il Il
0 0.5 1 1.5 2 2.5

Q2[CeV?]
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Results

Example for form factor fits

B =529 k=.13620 Vol24348 m, = 406MeV
2 T T T T T
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Results

Example for form factor fits
B=529 k=.13620 Vol24348 m, = 406MeV

G (t), dipole fit
s = 1.694+0.25 G¢(t), monopole fit ————
Go —+— A

Gq
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Results

Example for form factor fits

B =529 k=.13620 Vol24348 m, = 406MeV

2 T T T T
G (), dipole fit
s = 1.694+0.25 G¢(t), monopole fit ———
1.5 Go(t), linear it ———
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Results

Charge radii

0.8

(r?) [fm?]

0.7

0.6 +

0.4 F {
0.3 F
0.2 +

0.1 }

m2[GeV?]

M. Giirtler, P. Hagler, QC collaboration Vector meson ele:

agnetic form factors

Tm

Technische Universitat Minchen




Charge radii
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Results

Magnetic moment
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Results

Magnetic moment
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Results

Quadrupole moment
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Results

Quadrupole moment

0.02 .

1q, linear fit
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Conclusion/Outlook

@ first unquenched direct computation of the vector meson
e.m.form factors
@ still preliminary
@ Charge radii
e slightly larger than found by Hedditch et al (larger Q? range)
e growing towards smaller my
@ g-factor
e ~ 2; close to quark model expectation
e chiral curvature?
@ quadrupole moment

e ~ 0 at large pion masses

e decreasing quark mass: increasingly negative ~~ oblate
hape
shap m

Technische Universitat Minchen

@ next: axial/tensor form factors; GFF
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Conclusion/Outlook

When does the p decay?
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Conclusion/Outlook

Another ratio example

Q? =, B=5.29, k = 0.13590, Vol=24348, iop=1
0.6

0.2 | i
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