Precise determination O3s(Mz)
from realistic lattice QCD

Howard Trottier
Simon Fraser University, Vancouver
HPRCD Collaboration.
Duality o5
Frascati

June 2005




(1) Precision Unguenched 1.QCD

» Most LQCD simulations have ignored eftects
of “sea” quarks (or used unrealiably large mge,)

» so-called quenched “approximation”

» New “staggered” discretization for light quarks

» much more efhicient & accurate unquenched simulations

» Reduce systematic errors to few % many quantities

(2) Determination of agg(Mz)

» “Blend” of long- and short-distance QCD



(1) Recent Unguenched 1L.QCD
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A potential pit-fall
» Staggered quarks plagued by flavour doubling:

(x)y - Dyp(x) = sin(pua) x ¥(p)y,¥(p)

==> leweenergy modes at Py = 0: ’ﬂ'/ a

". 2% copies (“tastes”) (reduce to 4 tastes by “staggering”)

To get desired (2+1)-flavours instead of 4

det(y: D +m) — det(y - D + m)1/4

™ potentially worrisome non-localities

{b Staggered quarks eheap to simulate: remnant X symmetry}



det(y- D +m) — det(y - D —|—m)1/4

[ Is this a local effective theory ?]

© Correct to all orders in PT  (Batrouni et al 1985)

. : (Sharatchandra et al 1981;
© Chiral anomalies correctly handled  gpic & Vink 1089)

[ © Controlled by short-distance interactions] '

det(y - D +m)]** = [I1,(\, + m)]**

.

b 1 » 1/4 root OK if eigenvalues are = quadruply degenerate

> eigénvalue- or “taste-” splittings controlled by
short-distance interactions covss



Taste-changing interactions

Lagae & Sinclair

A (@2 ) % Golterman

Minimize taste-changing interactions by
perturbative analysis of the effective interaction @
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(2) Determination of ags(Mz)
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“Novel” use of both NBOCD)
Collab’n

long- & short-distance QCD 1997)

() NPTinputes ¥ — T = 4
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__:__,_ - (i) Measure short-distance quantity
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(iii) Use perturbation theory:

3+1 Aavors WILC with m, g = m, /5. (O) = c10(q”) + {:g{lz(q*) ﬂgﬁa(q*) 2 A

=
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What’s new? (iv) Evolve a(q™) to ags(Mz)




Lattice PT essential, but hard

stagg)

(©) = [ dU, (=)didg] O e Samnt S5
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e.g. — In Wiy = 3.0684 ouag [1 + 2.42100a¢ + 8.436(5) | + . . .

» Input is lattice-regularized bare coupling (15t

= 3.0684 ay(3.33/a) [1 — 1.068ay + 1.69(4)ai | +. ..

P Peculiarities
lattice regulator
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» We need to reorganize series QNS
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Lattice
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 Unhappiness

Fortunately,
PT algebra
can be
automated,
oop integrals
one
numerically




NINLO PT Wilson loops :F:T

Three-loop diagrams with fermion bubbles

& comparable # gluon loops




am(Mz) aﬂaIYSiS

» NNLO perturbation theory

» 8 different Wilson loops:

WixisWixa,:.., Waxas,

» static potential @ 6 R’s

V(R) = —CF

av (0.5614/R) [

R

continuuns,

L

1

remove
perturbative

" discretizations

P Simulations at 3 different lattice spacings:

“a=! = 1.239(49), 1.596(30), 2.258(32) GeV

> m brackets physical value, My, /4 | %m A

MILC



P Estimate systematic uncertainties, incl. Thanks

: ; : to
» higher-order perturbative corrections "
‘ three
» non-perturbative condensates ¥
S

3+..

P log Wiy = Zfﬂav(d/a) —Za*(RT)*(asF?) +

&

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

» use constrained curve-fitting:

<} - D 0.208(4)

(Z2F2) = (0.009 + 0.007) GeV* (Toffe & Zyablyuk)

m

i Cn24:O 1
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lﬂg Hf'-]_1
lﬂg Hr’?]_g
log Wgg
h:rg I-‘t’rc:{j
lﬂg H’rl 3
].'Dg H"r_1_4
lﬂg H’?gg
].'Dg H"rg 9

log Wis l,." Waq

log Wy Was /Wi

].Dg .H"rﬂ{j W BR J-'f Hrrf 1
lﬂg Hr’?c!c ;" FFBH

log Wi/ Was

h:rg I-':[r’rj_ 1 ﬂfgg f H‘fj 2 H’r-j_ 3

log Wia/uf
log Wgr / us
log Woe/ug
log Wis/uf
log Wiy/ T
log Wag /1y
log Was /ug"

V(v2a) —V(a)
V(v/3a) -V (a)
V(2a) — V(a)
V(v5a) —V(a)
V(v6a) —V(a)
V(3a) — V(a)

oat/ Wit

Error Budget

log W11 log Wiz /Was V(v/2a) — V(a)

—1

a 0.0008 0.0010 0.0008

c1...cz 0.0001 0.0004 0.0006

cn, forn =4 0.0008 0.0005 0.0006

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

My, M4, ms 0.0003 0.0001 0.0001

Me, my 0.0002 0.0002 0.0002
simulation errors 0.0000 0.0000 0.0001
total uncertainty 0.0012 0.0012 0.0012

Weighted average

m(ﬂfz) = O.II’7I(I_7,)



Result of new NINLO analysis

Mason,
HDT

b

Davies,
Foley;
Gray,

Lepage,

Nobes,

Shigemitsu

PR,
'to appear

=,
Ty,

'E_.E Average = | f

: Hadronic Jets
. e'e rates
———

" PhﬂtD—pI‘GdUCtEDn
D
'F

ragmentation
— g —

. . Z width
O

ep event shapes,; |

- P :

Polarized DIS] |
+

Deep Inelastic Scattering (DIS
P :W‘QE )

' 1 decays

Spect Lt: 3
pectroscopy (Lattic

Y decay <
—_——

0.1 0.12 0.14
ULE(MZ)

Oém(Mz)
=0.1171(13)

PDG world avg = 0.1187(20)




Summary

P Unquenched LQCD: few-% precision possible
for many quantities

P Perturbation theory key to most phenomenology

P Some important high precision applications done

» NNLO o575(Mz) v » NNLO mg, m,, m; soon

P Next: leptonic & semileptonic D-decays

» precision measurements @ CLEO-c
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