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0 Chiral extrapolations and finite-range
regularisation (FRR)

0 Connecting guenched and dynamical worlds

O Quantitative pion cloud

O Applications in EM form factors

O Extracting GMs & GEs

O Comparison with latest experimental results




How to extrapolate?

CP-PACS(ZOOZ) |

Physical point




Chiral expansion

O Chiral effective field theory provides the
guark-mass expansion of hadron properties

O EXAMPLE expansion: The geometric series
1

1697 5%

= e e

Each term in series is Onatural sizedO
Radius of convergence  [x| < 1




My=Mg+comi+! md+ ...

39,24 2]
e = "1 56GeV
' 32" f#

Pion-nucleon sigma term: on ! 4oMeV
— -, ~ 36GeV-

Insert numerical values:
: T

0.54GeV
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O Radius of convergence m,! 0.54GeV
where one needs infinite number of terms

O Use geometric series example to test

precision for finite number of terms

Demand 1% precision:
my m, ~ 0.18GeV

T | 0.23 GeV




- Regularisation scale dep
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Similar conclusion based
upon regularisation scale
dependence
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Renormalisation exact to C’)(m!4

ie. discrepancies startat O (m?r

Leinweber, Thomas & RDY, NPA755(2005)
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regularisation

Monopole

Gaussian

0.8 Leinweber, Thomas & RDY, PRL(2004) |

0.0 0.2 0.4 0.6 0.8 1.0
m 2 1GeV?"

[Independent-of-model chiral extrapolation ]




Baryon Mass . .
Renormalised expansion

S 2 4
Mg = a8+ axm; + asm; + | (mﬁ® s independent of A

Residual series /-

Chiral Loops
‘ OPion cloud® Size of Opion cloudO is

@) (b)




Differences

described by

chiral loops

002 0l e s o
m,? (GeV?)

RDY et al. PRD(2002)
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Quened QCD Vs QCD -

Quenched . - ‘
\, e : x
- : j

Mg = 8 + My + &My + 2
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RDY et al. PRD(2002) n




O Difference between quenched and dynamical
lattice simulations are well-described by
different meson-clouds

0O Empirical observation: not QCD proof

0 But proven successful

O Result: can take quenched lattice results to
estimate QCD
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Lattice results: Using technigues just described:
Boinepalli et al. PLB(2005) RDY et al. PRD(2002)
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Finite-volume
Quenched
QCD

¢

. RDY et al. PRD(2005)
0 0.2 0.4 0.6
m,* (GeV?2)

Investigate applying technique to magnetic moment




Strangeness

0O Apply techniques to strange form factors...




Assume charge symmetry

_2p| 1n+0
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P 3 3 N
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e

30y =2p+n—u”

30y = 2p + !@zﬂ >
Vo ) Lattice QCD

}BON = p+ 2n—@! O_17)







Chiral Loops

Quenched artefact
Different contributions in

Quenched QCD and QCD




Finite Vol. QQCD
— — — QQCD

— - — - Valence Sector

Leinweber, RDY et al. PRL(2005)




u-quark in Sigma

2.2

‘n ;

|, :

Ll,i Finite Vol. QQCD
— — — QQCD

— - — - Valence Sector




Final Result

1P
— = 1.092% 0.030

1

un
= = 1.254+ 0.124
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G:, =1 0.046% 0.022uy




Octet Magnetlc Moments
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Leinweber, RDY et al. PRL(2005)




Strange Electric Radius

Charge radii of hyperons
L~ —0.61+£0.12-

not well known

- 0.09fm?

Obtain best estimates for valence contributions

[2p+ n—uP]

!s( i )[p+2n! dP]

1R




0.8 | |
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alence
Finite-vL QQCD
0.2 : . 0.8 1

G5, (0Q%= 0.1) = +0.001+ 0.004+ 0.004

Leinweber, RDY et al. PRL(2006)
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Wang, Leinweber, Thomas, RDY... soon!




Experimental Status
O World PVES data
— Q*= 0.1GeV?
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_ 951k Analysis relies upon
N confidence :

L theoretical bounds on

- anapole contribution,

Zhu et al. PRD(2000)
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GO
HAPPEX

- Arrington
Friedrich &
Walcher




Global Analysis

RDY et al. PRL(2006)
O Alldatafor Q%< 0.3GeV?

O Extract axial ff (anapole moment)

Gh = gl + QA =

Gzl O+ 100+
bt QP .
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RDY et al. PRL(2006)




New HAPPEX

015

\HAPPEX! H ExceIIerLt agreement
‘ with global analysis!

HAPPEX! “He




RDY et al., PRL97(2006)
SAMPLE, PVA4, HAPPEX, GO

new precision
_—~ HAPPEX PRL98,032301(2007)

| Leinweber, RDY et al.,
- PRL(2005,2006)

15 95% CL




GMs Form Factor
Numerical lattice calculation actually @ Q4= 0.23GeV-

R
'R

[2p+ n—uP]

) p+2n! dP)

TR




—~
o~
>
Q
O
™
0%
o
~—
S
=
O

Valence

Up

d 2
G, '(0.23GeV°’)

0.4
m’(GeV*)

Preliminary

Wang, Leinweber, Thomas, RDY... soon!




GMs Form Factor

Numerical lattice calculation actually @ Q4= 0.23GeV-

R fpen_ g G023 1 6Es o

[ RS

)[p 4o g G (023) =1 0.034:% 0,013

Preliminary

TR

Wang, Leinweber, Thomas, RDY... soon!




O FRR offers robust chiral extrapolation

O Also can estimate truncation error

0 Excellent phenomenological description of sea
guark effects In lattice simulations

O Predictions for strange FFs supported

O Exciting times for nonperturbative QCD
confronting experiment
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Disconnected loops

“I”” loop contribution

Ou,d,s /
= Z'G‘,{',l! }'Gﬁ'ﬂ! }'Gﬁﬂ

e 3 3

Gy = 'G)

LIRS
‘RS OCD equality for m, = my

'Ry ='Gy/ Gy = 0.139+0.042

chiral phenomenology



Nucleon mass
O(p*): Mo+ cone

Ja Nueleonraxial chargerae

N s

PrETo / fx Piomdecayconstantant

Ol

Do some spin algegra, isospin sum, heavy-nucleon limit, and temporal
and angular integration:

305 °°dk Kk
160212 o K2+ e




Slmple Renormalisation
o(p?): Mo+ e,

e S o
e s
162f2 o K2+ e

cubic divergencel
= m4 n m4 9




Renormallsed expansmn

My = Mo+ com?! 3g§ ./dkkz—mZ/dk+ Em3
N T 16r2f2 & 7
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Nonanalytic'term: model-independent: rd¢ it




- g K 2. Dipole
k24+m2 k2 +m2 A?2+Kk?

| !5(m!2+4m!! —|—!2)
32 (mu +1)°

Taylorexpand m,! 0O
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