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Determination of og5(Mz)
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Lattice PT essential, but hard
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» Input is lattice-regularized bare coupling (]at
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P Peculiarities
lattice regulator
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> We need to reorganize series Qg




Lattice PT 1s more difficult

P Same as regular QFT perturbation theory
BUT:

» lattice Feynman Rules much larger
» many more lattice Feynman Diagrams

P lattice integrals non-analytic



Lattice PT 1s more difficult

P Same as regular QFT perturbation theory
BU'T:

automated
automated
numerical brute force

Flexible, action and process agnostic
approach. Highly automated construction,
adaptive Monte-Carlo integration.
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Fortunately,

PT algebra
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Two-loop Diagrams
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Vacuum Bubble Diagrams EB
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Two-loop fermionic results for Wilson quarks in four different gauges
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QM‘S‘(M Z) analysis

> LO perturbation theor

NNLO perturb y o

» 8 different Wilson loops: Wer = 1 o

s
WIXI)WIX23---,W2X39 W I | E |
CC— [~
» static potential @ 6 Rs
ay(0.5614/R : g
V(R) =-Crp 4 R /B) [1 + ii_ga%/ +...| perturbative
discretizations

continuuns,

» Simulations at 3 different lattice spacings:

=1 e
a _:_-‘-1.239(49), 1.596(30), 2.258(32) GeV MILC
» 4 brackets physical value, M, /q | E-l;’ms



P Estimate systematic uncertainties, incl. Thanks

» higher-order perturbative corrections tht 2
. ree
» non-perturbative condensates 2
S

5 5 00
» logWrr = Y  cnad(d/a) —&a*(RT)* (. F?) +...

e s

» use NNNLO B«y» evolve from one input: ay (7.5 GeV)

» use constrained curve-fitting: 1

iy w 0.208(4)

9;"1?2 ) = (0.009 £ 0.007) GeV* (Ioffe & Zyablyuk)
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Error Budget

log Wiy log Wis/Waa V(v2a) — V(a)

a 0.0008 0.0010 0.0008

cr...ca 0.0001 0.0004 0.0006

cy forn > 4 0.0008 0.0005 0.0006

V —MS — Mz 00001  0.0001 0.0001
condensate 0.0002 0.0001 0.0001

My, md4. m, 00003 0.0001 0.0001

me, my 00002 0.0002 0.0002
simulation errors 0.0000 0.0000 0.0001
total uncertainty 0.0012 0.0012 0.0012

Weighted average

o5s(Mz) = 0.1171(13)



Result of new NNLO analysis
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Strange Quark Mass
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Strange Quark Mass
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Mpoie = mug (1 + O(a) + O(a®) +...)



Strange Quark Mass
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Partially Quenched X PT Leeé Share
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2-loop pole mass
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IR divergence (continuum)

¥

Single 2-loop IR divergence

Given: g

=1 (p, mg) ~ mo f(p®/mg)




IR divergence (lattice)

o o o v.

» Lattice has 3 IR divergent diagrams at 2-loops!

» Furthermore the one-loop diagram has new scales:

1 (p, mo) ~ my g(p"’/mﬁ, (ap), (amo))
so trick of transforming d/dp into d/dm does NO'T work.

+iZy @ 5o {Q Q* ""}

» So keep d/dp and do three separate IR finite combinations




Gluonic Total
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Results

M=mg [1 + ar(Alogmea + D) + o (Blog® mpa + Clogmoa + E)] )

Take logs and differente wrt log(a), use the fact that the pole
mass, M, is RG invariant, the beta-function and the
anomalous dimension equation:

d log my

£ L
dloga _’YoaL(a)+’YI aL(a)’
2
A = —, A—————C'g(R)——;r-
R G .
B=2A -AC



Deriving v

» Can get this from the MS version:

MS B
='7001at+K’des+Ca70—C ——70; i+ ...

1

p=a
am(a_l) = Xlat (1 + Caalat + 0(0!2))
mm(a—l) = Mat (1 + C,,a + O(arz))

da 2By , < _ .
dloga  4m +0(a”) B-function

» Assumes that lattice is mass-independent scheme

» Can now remove both log and double-log, and
look for artifacts



Subtracting known logs

-0.0045 =

"~ QTOTAL —+—
fit to const w/ known log, ->0.01

TOTAL e
-0.0046 |
-0.0047 |

glue -0.00482 {0.00000) = 6.092 (0.004) alpha®
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» Important effect for I

9 mu i 5 md)
Msea different from Mmyalence

0(1).( e )-Nf-a2

Myalence

» Continuum mass dependence calculated by
Broadhurst (1990)



Lattice “comparison” for
strange quark mass
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HPQCD (prelim): 86(0)(1)3)(0) MeV




HPQCD (2005) vs PDG (2004)

Strong Coupling Constant

| || 1]

+ h Average '
’
+ Hadronic Jets

-

 e'e rates
, Photo-production
——O—
. Fragmentation
*
+ _ «Z Wwidth
= Or—
ep event shapes, |

o
Polarized DIS!

'
o5

Deep Inelastic Scatte:T ‘DIS)
P —O-—mg(
' !rdecays
Spect Latt _eé
pectroscopy (Latfic
Y decay -
w— e '

'
1 L ’
| ! I I o lx A

0.1 0.12 0.14
(M)

ars(Mz) = 0.1171(13)

1oooo-§r Zg 1 b )

Quark Masses

2004 PDG —
2005 HPQCD +—o—

2

Lt ter) <
5
: 2
100 } e 1¢e

10 | d

} >
. -
B =
m'"(2GeV) = 86(0)(4)(3)(0) MeV "=
myS(2GeV) = 4.5(0)(2)(1)(3) MeV =
m3S(2GeV) = LOO)(1)()(B) MeV



Summary

Results:
P First with 2+1 flavours, chiral + continuum extrapolations

P Masses and coupling agree with PDG, smaller errors

P Multi-loop PT with highly improved actions

PL
P Light quark masses to 2nd order

P Coupling constant value to 3rd order

P iy > ags(g”) to 2nd order

» IR divergences at 2-loops by numerical brute force

Future:
P Next: assault on theory errors in CKM
" 2-loop leptonic & semileptonic D-decays
» precision measurements @ CLEO-c





