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Collaboration

Michele Della Morte, Benni Jager, Hartmut Wittig
Johannes-Gutenberg Universitat, Mainz

Simulations based on configuration ensembles jointly generated by
Coordinated Lattice Simulations:
@ Berlin
@ CERN
@ DESY-Zeuthen
@ Madrid
@ Mainz
@ Rome
Q®

Valencia

simulation code developed at CERN (DD-HMC) and at Mainz (gcd-measure)
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The muon - a christal ball - experimentally

@ monitor the spin’s motion in a circular orbit in a
homegeneous magnetic field (Lamor
precession).

The muons are polarized by their production
process: pions from p — target and then
t -yt +v,

@ ni* is spin-0 and v, is left-handed, y* must be .

left-handed o

momentum

@ the u* decays after a few rounds in the ring

and the resulting e+ keeps the heI|C|ty actual precession x 2
Experiment Year Polarity a, x 10"° Pre. (ppm) References
CERN [ 1961 ut 11450 000(220000) 4300 [101]
CERN Il 1962-1968 758 11661600(3100) 270 [102]
CERN III 1974-1976 nt 11659 100(110) 10 [91]
CERN Il 1975-1976 w- 11659 360(120) 10 [91]
BNL 1997 ut 11659251(150) 13 [12]
BNL 1998 758 11659191(59) 5 [13]
BNL 1999 nt 11659202(15) 13 [14]
BNL 2000 ut 11659204(9) 073 [15]
BNL 2001 n- 11659214(9) 0.72 [16]
Average 11659208.0(6.3) 054 192]

Jegerlehner, Nyffeler, Physics Reports 477(2009)1-110
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The muon - a christal ball - theoretically

(x10711)
Contribution Value Error
QED incl. 4-loops + LO 5-loops 116584718.1 0.2
Leading hadronic vacuum polarization 6903.0 52.6
Subleading hadronic vacuum polarization —100.3 1.1
Hadronic light-by-light 116.0 39.0
Weak incl. 2-loops 153.2 18
Theory 116591790.0 64.6
Experiment 116592 080.0 63.0
Exp. - The. 3.2 standard deviations 290.0 90.3

Jegerlehner, Nyffeler, Physics Reports 477(2009)1-110
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The muon - a christal ball - theoretically

(x10711)
Contribution Value Error
QED incl. 4-loops + LO 5-loops 116584718.1 0.2
Leading hadronic vacuum polarization 6903.0 52.6
Subleading hadronic vacuum polarization —100.3 1.1
Hadronic light-by-light 116.0 39.0
Weak incl. 2-loops 153.2 18
Theory 116591790.0 64.6

Experiment 1165920800 63.0
Exp. - The. 3.2 standard deviations 90.3
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The muon - a christal ball - theoretically

(x1071)

Contribution Value Error

QED incl. 4-loops + LO 5-loops 116584718.1 0.2

Leading hadronic vacuum polarization 6903.0 526 4——
Subleading hadronic vacuum polarization —100.3 1.1

Hadronic light-by-light 116.0 390 <-—
Weak incl. 2-loops 153.2 18

Theory 116591790.0 64.6

Experiment 1165920800 63.0
Exp. - The. 3.2 standard deviations 90.3

Jegerlehner, Nyffeler, Physics Reports 477(2009)1-110

vacuum polarisation light-by-light
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The muon - a christal ball - signs for SM-extensions?
new physics would modify a, e.g. through virtual loop contributions which can

be computed (magnitude/sign)
experimental results allow to exclude/constrain SM-extensions

possible new physics contributions:

@ heavy A, P, S, V states

a 7 b c 5 d
M M H™ HY X X
f f —_—
m, X >

Mo[S,P] ™ ™ Mo[V.A]
e.g. neutral exchange: A, P yield wrong sign, V too small, S possible
@ extra dimensions
@ super symmetry
o ...
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The muon - a christal ball - signs for SM-extensions?

new physics would modify a, e.g. through virtual loop contributions which can
be computed (magnitude/sign)

experimental results allow to exclude/constrain SM-extensions

possible new physics contributions:

@ heavy A, P, S, V states

a 7 b c 5 d
M M H™ HY X X
f f —_—
m, X >

Mo[S,P] ™ ™ Mo[V.A]
e.g. neutral exchange: A, P yield wrong sign, V too small, S possible
@ extra dimensions
@ super symmetry
o ...

first of all - get SM-prediction right ...
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Leading hadronic VP from ete~ — hadrons

@ for leptons VP can be computed in PT - for quarks PT breaks down at
small energies

@ current prediction for a;" from experimental measurement of
ete -annihilation

:
-

had

illustrations: F. Jegerlehner, A. Nyffeler, Physics Reports 477(2009)1-110

) ~ ol (a®)
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Leading hadronic VP from ete~ — hadrons

@ for leptons VP can be computed in PT - for quarks PT breaks down at
small energies

@ current prediction for a;" from experimental measurement of
ete -annihilation

2
7 5 7
@ -
had
L (g?) ~ ol (@)

illustrations: F. Jegerlehner, A. Nyffeler, Physics Reports 477(2009)1-110

@ there are issues with the current determination of a."" via e e/t

@ note: bridging the gap by increasing the had. cross section can lead to
decreased upper bound for Higgs mass passera, Marciano, siriin PRD 78, 013009 (2008)
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Leading hadronic VP from ete~ — hadrons

@ for leptons VP can be computed in PT - for quarks PT breaks down at
small energies

@ current prediction for a;" from experimental measurement of
ete -annihilation
R S ‘ N

had
IM4(g?) ~ ol (a®)

2

illustrations: F. Jegerlehner, A. Nyffeler, Physics Reports 477(2009)1-110

@ there are issues with the current determination of a."" via e e/t

@ note: bridging the gap by increasing the had. cross section can lead to
decreased upper bound for Higgs mass passera, Marciano, siriin PRD 78, 013009 (2008)

@ independent and pure theory prediction desireable

@ would provide a classical test of the SM
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abHV on the lattice

@ vacuum polarisation tensor

q M (q) = [ dxe@C¥)(EM (y)jEM (x))
”\@W = (9% — 9°g,)1(q?)
q
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abHV on the lattice

@ vacuum polarisation tensor
M (q) = [ déxe @M (y)iEM (x))
= (q,uqv - ngy\/)n(qz)

o ap e (3) aaK (@)(N(07) - N(0)
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abHV on the lattice

@ vacuum polarisation tensor
M (q) = [ déxe @M (y)iEM (x))
= (q,uqv - ngy\/)n(qz)

o at o (2) f dg2K (o2)(1(a?) - 1(0))

@ leading hadronic VP previous lattice efforts compared to e*e~ — hadrons

F. Jegerlehner, A. Nyffeler, Physics Reports 477(2009)1-110 690.3(5.3) x 10°10

lattice QCD:
QCDSF Collaboration NPB 688 (2004) 135164 446(23) x 10710
T. Blum, C. Aubin, PRD 75, 114502 (2007) 713(15) x 10719 and 748(21) x 10710
D. Renner and X. Feng, arXiv:0902.2796 not yet

New ideas for g — 2 Andreas Juttner 6/23



Leading hadronic contribution to muon g — 2

Why is there no better lattice result?
M (@) = [ dxeCGEM (y)i™ (x))
2 (S
at™ o« (2) [da?K (g2)(N(q?) - M(0))
0

usual lattice systematics (a, mq, L)

New ideas for g — 2 Andreas Juttner 7123



Leading hadronic contribution to muon g — 2
Why is there no better lattice result?
M(0) = [ d*xe 9 EM (y)jEM (x))
at o (2) OquZK(qZ)(n(qZ) - (o))
usual lattice systematics (a, mq, L)
but one will not get very far without new ideas:

@ contributions of quark-disconnected diagrams neglected so far
(i5) = (@wa @rva) = (Te{SayuSarv}) + (Te{SerTe{Sar. )

<O OO

New ideas for g — 2 Andreas Juttner 7123



Leading hadronic contribution to muon g — 2
Why is there no better lattice result?
M(0) = [ d*xe 9 EM (y)jEM (x))
at o (2) OquZK(qZ)(n(qZ) - (o))
usual lattice systematics (a, mq, L)
but one will not get very far without new ideas:

@ contributions of quark-disconnected diagrams neglected so far
(ifi8) = (@y,a @rva) = (Te{SqvuSayv}) + (Te{Sevu | Te{Ser})
> QOO

@ momenta restricted: 1/L < Q < 1/a ) Vol S i 28]

9 use lattice for small momenta and
PT for large momentum transfers =

@ need to fix region of very small
momenta — but 2% ~ 400 MeV

@ [Gev?]
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Outline:

@ analytically predicting quark-disconnected diagrams
@ improving the momentum resolution
@ preliminary numerical results
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Outline:

@ analytically predicting quark-disconnected diagrams

@ computationally expensive
9 problem in many lattice QCD calculations
@ analytical predictions would be of great help

@ improving the momentum resolution
@ preliminary numerical results
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A closer look - the vector 2pt function

EM current j,(x) = £j2(x) = 3j54(x) = 3i3°(x)

(@) = @D

(2:[)2 fd4X e~ % (), (x)i»(0))
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A closer look - the vector 2pt function

EM current j,(x) = £j2(x) = 3j54(x) = 3i3°(x)

Mu(@) = @D

= oy J A% e ™, (x)i.(0))

iso—_spin 1

i [ atxer o B + 5Gi) - 2y + G0}
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A closer look - the vector 2pt function

EM current j,(x) = £j2(x) = 3j54(x) = 3i3°(x)

Mu(@) = @D

= oy J A% e ™, (x)i.(0))

iso—_spin 1

i [ atxermd B + 8G90 - 2y + i)
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783
(j%%j*%) decomposes into connected and disconnected piece as follows:

conn. piece  — (2711)2 [d*x e‘qX<Tr{Ss(x,O)yVSS(O,x)yy}>
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783

(j%%j*%) decomposes into connected and disconnected piece as follows:

conn. piece — 1 fd“xe‘qX<Tr{Ss(x,O)var(O,x)yy}>

(2m)?
SU(3) — SU(4]1) with PQ r-quark, mass de-
generate to the s-quark
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783

(j%%j*%) decomposes into connected and disconnected piece as follows:

(2m)?
SU(3) — SU(4/1) with PQ r-quark, mass de-
generate to the s-quark

conn. piece — z fd“x eiqx<Tr{Ss(X,O)7/vSs(O,X))/’“}>

_>SU:(4I1) (2711)2 fd4X eiqx<§(0)yvr(O)F(X))/HS(X)> = <JErJ£S>
o//ﬁ\o
NS
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783
(j%%j*%) decomposes into connected and disconnected piece as follows:

conn. piece  — (2711)2 [d4x e‘qx<Tr{Ss(x,O)yVSS(O,x)yH}>

N | ax [ = _ isrirs
U L [ (SO O ) = G
< )

N

disc. piece  — (2711)2 [d4x eiqx<Tr{Ss(X,X)yv}Tr{Ss(0,0)yy}>
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Vacuum polarization in SU(2) xPT
M. Della Morte, AJ arXiv:1009.3783

(j%%j*%) decomposes into connected and disconnected piece as follows:

conn. piece  — (2711)2 [d4x e‘qx<Tr{Ss(x,O)yVSS(O,x)yH}>

—Su(4i1) iogx { & = isrirs
L e [ e (SO OF(s) = G )
%
.\\777//.
disc. piece  — (Z}Z)zfd“x eiqx<Tr{Ss(X,X)yv}Tr{Ss(0,0)yy}>
— e Jaxem(50sOFn)) = i
AN
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783

(j%%j*%) decomposes into connected and disconnected piece as follows:

conn. piece  — (2711)2 [d4x e‘qx<Tr{Ss(x,O)yVSS(O,x)yH}>

—Su(4i1) iogx { & = isrirs
L e [dxem (SO OFons) = G )
-
.\\77777/.
disc. piece  — (Z}Z)zfd“x eiqx<Tr{Ss(X,X)yv}Tr{Ss(0,0)yy}>
— e Jaxem(50sOFn)) = i
AN

G = G + G|

@ flavour-diagonal two-point correlator can be written as the sum of a purely
connected correlator and a purley disconnected correlator

@ the u- and d-sector is easier - iso-spin can be used:
Gaiis™y = Gy + Gis
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Vacuum polarization in SU(2) xPT

M. Della Morte, AJ arXiv:1009.3783
{j®%j®%) decomposes into connected and disconnected piece as follows:

conn. piece — (2717)2 [dx ein<Tr{SS(x,O)yVSS(O,x)y#}>

SsU(4L igx/ = 3 M|
U )(zi)zfd“x equ<s(o)yvr(o)r(x)yys(x)> = <J;!i>
r
N
disc. piece - iy [d*x ein<Tr{Ss(x'X)VV}Tr{SS(O’O)y“»
_ (2711)2 fd“x e‘qx<§(O)yvs(0)F(X)7/yr(X)> = <L28j£)
AN

G255 = G2%) + G2l J

@ flavour-diagonal two-point correlator can be written as the sum of a purely

connected correlator and a purley disconnected correlator
@ the u- and d-sector is easier - iso-spin can be used:
GRUisy = Ry + Gatis
@ expressions for both can be derived in ChiPT
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A closer look - the vector 2pt function

. a A { . Phys.
describe VP (full, conn, disc) correlators in i e s saco ose doe

SU(4]1) partially quenched chiral perturbation 5gehs @ Shoresh Phvs Rev. D62 (2000)

theory azrggrisia(gglterman Phys. Rev. D46
L = F—zTr{D u'DrU} - B—FZTr{Mu+ +M*Uj
4 4 2

U=e'F  DU=9,U+iv,U-ily,
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A closer look - the vector 2pt function

. a A { . Phys.
describe VP (full, conn, disc) correlators in i e s saco ose doe

SU(4]1) partially quenched chiral perturbation 5gehs @ Shoresh Phvs Rev. D62 (2000)

Bernard & Golterman Phys. Rev. D46
theory (1992) 853857

L0 = FZTr{D U D“U}—BT':ZTr{MU++M u}

U=e'F  DU=9,U+iv,U-ily,

@ express (j%5|") in terms of the SU(4|1) generators:

00 = BBy, (T0- 372 - 37%) y(x)
Jﬁs flP 7/“ -|-o 1T24 1T15 \/_Ts)
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A closer look - the vector 2pt function

. a A { . Phys.
describe VP (full, conn, disc) correlators in i e s saco ose doe

SU(4]1) partially quenched chiral perturbation 5gehs @ Shoresh Phvs Rev. D62 (2000)

Bernard & Golterman Phys. Rev. D46
theory (1992) 853857

L0 = FZTr{D U D“U}—BT':ZTr{MU++M u}

U=e'F  DU=9,U+iv,U-ily,

@ express (j%5|") in terms of the SU(4|1) generators:

00 = BBy, (T0- 372 - 37%) y(x)
Jﬁs flP 7/“ -|-o 1T24 1T15 \/_Ts)

@ L@ - remains unchanged
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A closer look - the vector 2pt function

. a A { . Phys.
describe VP (full, conn, disc) correlators in i e s saco ose doe

SU(4]1) partially quenched chiral perturbation 5gehs @ Shoresh Phvs Rev. D62 (2000)

Bernard & Golterman Phys. Rev. D46
theory (1992) 853857

F2 BF?2
2 _ Ty _ = t t
Lo = 4Tr{DHU DU} > Tr {MU* + M*U}
U=e'® DU =09,U+ivU-ily,
@ express (j%5|") in terms of the SU(4|1) generators:

100 = B0y (T0 - 372 = 37%) y(x)
i£200) = 2By, (T - 3T 4 3715 = V2T9) y(x)
@ £® - remains unchanged
@ L™ - needs to be modified  r. kaiser, Phys.Rev.065:076010,2001

LO = (Lo + 2H1) Str{0u 0y } + Hs Str{v JStr{v.

where v, = d,v, — d,v, and the X; are Gasser-Leutwyler LEC’s and
where * means that the trace has been subtracted

New ideas for g — 2 Andreas Juttner 11/23



Predictions

@ diagrams contributing to VP

oo b,
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Predictions

@ diagrams contributing to VP

o b,

@ result for Ny = 2 + 1 . pelia Morte, AJ arxiv:1009.3783
ME(@2) ==2 (Lao(1) + 2Hs ()41 Bax (4,02, M2) + Baau,02,M2) )
N (a2)=-2( '—10(#)+2H1(!1))—4i( PB21(4%,9% M2) + §$Bar(p?,0%,ME) + %éﬂ(yz,qz,m}f))

ng‘.‘slc)(q )= _4i(_% Ba1(p2,02,M2) — 1Ba1 (12,02, M2) + %éﬂ(yz,qZ,Mé))
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Predictions
@ diagrams contributing to VP

o b,

@ result for Ny = 2 + 1 . pelia Morte, AJ arxiv:1009.3783
MR (@7) =2 (Luo() + 2H1 ()41 Baa(u, 07, M2) + Bk a?M}) )

MG (62)=2 (Lao 1) + 2Hs (1) ~4i( 2B (42, 62 M2) + $Ba (12,02, M2) + 5B (4,62, M2))

Conn
M. (0?) = ~4i(-4Ba(p?, 0% M2) - $Ba(4?, 0% ME) + §Baa(1s2,0%,M3))
@ conn and disc receive unphysical contribution from a “meson” containing
two strange quarks
@ these cancel in the sum

@ absence of disconnected diagrams in SU(3)-limit is reproduced

@ SU(3)-symmetry does not allow for LECs to contribute to the
disconnected diagram — parameter-free prediction for the disconnected
diagram

New ideas for g — 2 Andreas Juttner 12/23



Analytical prediction for the quark disconnected diagram

a (2] [ daK @)@ - (o)

i.e. only the difference I1(q2) = M(qg2) — M(0) is relevant for us

@ N; = 2in SU(2): %:-1—1{)

New ideas for g — 2 Andreas Juttner 13/23



Analytical prediction for the quark disconnected diagram
2
a o (2) [ dak(@)(n(a) - (o)
i.e. only the difference I1(q2) = M(qg2) — M(0) is relevant for us

@ N; = 2in SU(2): %:-1—1{)

@ N¢ = 2+ 179 — SU(4]2) expressions similar to the Ny = 2 + 1-case
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Analytical prediction for the quark disconnected diagram

ap s (2] [ sk (@)@ - 1)

i.e. only the difference I1(q2) = M(qg2) — M(0) is relevant for us

o Ny =2inSU(2): D@ _ _1

Meonn(92)

@ N¢ = 2+ 179 — SU(4]2) expressions similar to the Ny = 2 + 1-case

@ N =2+1:
0.02
—_
S 000
o
£ -—002f ]
S
«— -004r =
~
& -006f f
o _— @000
~ -008[ f
]
=)
o« -010
_012 : : : : : :
000 001 002 003 004 005 006 007

g2%/GeV?
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Analytical prediction for the quark disconnected diagram

@ relying on this NLO prediction it suffices to compute the connected
diagram and predict the (subdominant) disconnected diagram

@ alternatively we can quantify how precisely we would like to know the
quark-disconnected contribution

@ but: vector-d.o.f.s may dominate and modify the expressions found

(work in progress) AN BN,

New ideas for g — 2 Andreas Juttner 14/23



Analytical prediction for the quark disconnected diagram

Comments:

@ our method: quark-disconnected diagrams can be predicted for arbitrary
hadronic n-point functions for which an effective theory description exists
(in particular all possible 2-point and 3-point mesonic and baryonic
correlators)

@ applicable to many interesting physical processes

@ interesting in particular for
9 observables without vector contributions

o predictions should improve as m, — mP™® (where computation of disc.
diagrams becoms more and more expensive)

New ideas for g — 2 Andreas Juttner 15/23



Outline:

@ predicting quark-disconnected diagrams v
@ improving momentum resolution
@ preliminary numerical results

New ideas for g — 2 Andreas Juttner 16/23



Accessing small momenta

1/L < k < a~! use lattice for small momenta and PT for large momentum
transfers

a (2] [ dak @)@ -n(o)

kernel of equation (4.26)

Flq?)
B

2

o "
1€-05 00001  0.001 0.01 o1

q? [GeV?]

n

Ny X n.
T/

@ lattice momenta q = 27( L,
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Twisted boundary conditions

quark boundary conditions — hadron boundary conditions

de Divitiis et al. PLB 595 (2004) 408, Bedaque PLB 593 (2004) 82, Sachrajda, Villadoro PLB 609
(2005) 73, Flynn, J., Sachrajda PLB 632 (2006) 313

En: = mii + (ﬁZTr( )2

T
FrrrrTrTrrrTiTg

NN NN FEEE N
80 100 120

_,60
(PL)?

Ll
0 20 40
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Twisted boundary conditions

quark boundary conditions — hadron boundary conditions

de Divitiis et al. PLB 595 (2004) 408, Bedaque PLB 593 (2004) 82, Sachrajda, Villadoro PLB 609
(2005) 73, Flynn, J., Sachrajda PLB 632 (2006) 313

o 2 S0 2 0, ()d
E.: = mni+(nT’7) Eq: = \/m L+ (A3 4 22
0.8, TT TTTT TTTT TTTT TTTT TTTT TTTT TT 0.8, TT TTTT TTTT TTTT TTTT TTTT TTTT TT
0.7— — 0.7— —
0.6— — 0.6— —
o 05— — o 05— + _
—~ L 1 =""L e i
L 04— — LYod— B %EH] i
S 1 r 1
~—0.3— — ~o03— $<’,M’ —
0.2— - — 0.2— —
L | L g&”% |
01— —| 01 jat —
|- . |- a .
0! L1 L1l ‘ L1l LLlL ‘ LLlL ‘ L1l ‘ L1l ‘ L1 0! L1 LLlL ‘ L1l L1l ‘ L1l ‘ LLlL ‘ LLlL ‘ L1
_,60 2 80 100 120 0 _)60 2 80 100 120
(PL) (pL)
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Twisted boundary conditions for the VP

@ in flavour-neutral pions the effect of the twist always cancels:
2 - 5 \2
Ea, = /M3, + (92 - 61)

@ similarly for the VP NW©/V\N

effect of valence twist cancels

@ However, using the decomposition (jU4j1) = (judjduy 4+ (jujddy the
connected part can be computed for arbitrary momenta

@ interpolate disc. diagram between Fourier-momenta or use EFT prediction

New ideas for g — 2 Andreas Juttner 19/23



Outline:
@ predicting quark-disconnected diagrams v

@ improving momentum resolution \/
@ preliminary numerical results

New ideas for g — 2 Andreas Juttner 20/23



Mainz simulations on CLS lattices

@ simulations on Wilson Cluster, Mainz, Germany
@ NP improved Ns = 2 Wilson fermions

@ all simulations and fits on the following pages carried out by Benajmin
Jager as part of his final year thesis

@ connected part only
@ simulation paramters:

New ideas for g — 2

name Ksea L[fm] Ncrg my [MeV] Ks
D1 0.13550 1.7 104 957.4(10.9) 0.13713
D2 0.13590 1.7 149 696.5(10.3) 0.13632
D3 0.13610 1.7 168  550.5(5.2) 0.13605
Dg  0.13620 1.7 168 490.3(5.2) 0.13591
D5 0.13625 1.7 169 428.6(3.7) 0.13574
E2 013590 22 158 696.5(10.3) 0.13632
E3 013605 2.2 156 593.4(1.1)  0.13609
E4 013610 22 162 550.5(5.2) 0.13605
Es 013625 22 168  428.6(3.7) 0.13574
F6  0.13635 33 200 297.8(0.9) 0.13575
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Numerical simualation - preliminary

New ideas for g — 2

0.09

0.08

2T1(q?)

0.07

Andreas Jiittner

VP with twisted boundary conditions

twisted simulation data Eg —
not twisted simulation data E4 ~——

gﬁﬁ
Ty
L k‘l} i
iy
l&!
L =",
Biogy Wiy,

o 0.5 1 1.5 2 2.5 3

q% [GeV?]
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Numerical simualation - preliminary

@ vector dominance
[~} mOde| fOI’ Cross Section ratio Shifman, Vainshtein, Zakharov, Nucl. Phys. B 147 (1979) 448

0.1

zI1(p?)

VP vector dominance fit

T T T
vector dominance fit [0.0,1.5]

vector dominance fit [0.0,2.5] ——
vector dominance fit [0.0,3.5] ——
simulation data E4 =———

a,[0.0,1.5] = 249.6-1071°
ayf0.0,2.5]=217.8- jo=10
ayf0.0,3.5] = 197.5-1071°

' L L

0.5 1 1.5 2 2.5 3 3.5
p? [Gev?]

R(s) = ¥ e2(As(s - m2) + BO(s - o))
f
N(a?) = Bin(a’a?® + a’so) - 74> +K
@ polynomial '

@ Padé
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Numerical simualation - preliminary

VP folded with QED part

8e-07 T T T
integrand of equation (4.26)
§ twisted simulation data E4  + 1

7€:07 not twisted simulation data E4 ~ +

6e-07 1
a
= 5e07 1
£
& 4e-07 J
=
N|
Nai\‘u- 3e-07 1
<

2e-07

1€-07

0.0001 0.001 0.01 0.1 1
q% [Gev?]
@ twisting clearly stabilizes fits
@ results from different fit-ansatze spread much less
@ spread is taken as estimate for systematic uncertainty from fit
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Numerical simualation - preliminary

VP N¢ = 2 results

N¢ =2,L = 1.7 fm Wilson ——

700 = N¢ =2,L = 2.2 fm Wilson +——
N¢ =2,L = 3.3 fm Wilson +=——

N¢ =2, L = 2.7 fm Twisted Mass ———

600 | Nt =2,L = 2.1 fm Twisted Mass +——+—
PDG +—+—
2 500 §
=
S 400 - i I i

I i
200 w o
L]
o 0.1 0.2 0.3 0.4 0.5
m2 [GeV?]
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Numerical simualation - preliminary

VP Nf = 2 + 1 results

‘ N¢ :‘2+1,PQ,‘L:2.2fm‘Wﬂson ——
700 |- = N¢=2+41,PQ,L = 3.3 fm Wilson =—— ]
N¢=2+1,L = 2.4 fm Staggered
N¢=2+1,L = 3.3 fm Staggered ~————
600 PDG —+— 1
2 500 - gl
= i
g 400 J
i
300 I H 1
.
200 4
o 0.1 0.2 0.3 0.4 0.5

mZ [GeV?]

error bars on Wilson results take into account spread over fit-ansaetze
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Numerical simualation - preliminary

VP mass dependence

chiral fit to N¢ = 2 data

700 polynomial fit to N¢ = 2 data
chiral fit to Ny =2+ 1 data
600 polynomial fit to N¢ =2 + 1 data

N¢=2+1L=22fm
Nt =2+1L=33fm

LEE

° 500 Nf=2L=22fm
N Nf=2L=33fm
& 400 t
300
200
0 0.1 0.2 0.3 0.4 0.5

m2 [GeV?]

@ again various ansatze for the extrapolation in m2
@ spread used to estimate systematic uncertainty
@ N; =2 — Ny = 2 4 1PQ lifts results (also seen by

T. Blum, C. Aubin, PRD 75, 114502 (2007) for Nf =0- Nf = 21)
@ big question mark - p
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Summary/Outlook

@ we have developed new ideas for lattice QCD simulations for a;":

9 predict/estimate quark disconnected diagrams
@ improved momentum resolution using partially twisted boundary conditions

@ our approach to predicting quark-disconnected diagrams in chiral effective
theory is applicable to any quark-multi-linear n-pt function

— many applications beyond VP (work on this has been started)
@ we will keep on working towards a reliable prediction for a;"" - we are

convinced that brute force alone won'’t lead to the desired precision - this
is a interesting playground for interesting field-theoretic questions
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