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Lattice QCD calculations

Hadron masses and decay
constants for gold-plated
mesons are the simplest
calculations 1n lattice QCD.
Those known experimentally
can test Standard Model and

determine parameters at the
1% level.

New ‘second
generation’ lattice
QCD calculations
include physical u/
d quarks 1n the sea



Hadron correlation functions (‘2point functions’) give
masses and decay constants. T
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decay constant parameterises amplitude to annihilate - a
property of the meson calculable in QCD. Relate to

experimental decay rate. jo; 5ccyrate experimental info.

for f and m for many mesons!
Need accurate determination
from lattice QCD to match




Parameters for ‘second generation’ gluon configurations

being used “Ind generation”
lattices 1nc. ¢
MILC HISQ, 2+1+1 @ quarks 1n sea
mass 0.14 . .
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The gold-plated meson spectrum
from full lattice QCD
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* 1008.4018
> error 3 MeV

. em effects

important!

older predcns: I. Allison et al, hep-lat/0411027, A. Gray et al, hep-lat/0507013



Aim for same ‘overview’ of decay
constants N _—— 7 7

07 [k Experiment : weak decays
: em decays
Lattice QCD : predictions
0.6 postdictions
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DECAY CONSTANT (GEV)

0.1
= K ¢ D DD, B By B, ¢ Inp Y Y

0

Results for vectors harder than pseudoscalars. Complete
calculation for bottomonium now done - discuss here



« Use radiatively improved lattice O(v*) NRQCD for b

quarks. b quark mass tuned nonperturbatively. 357

1303.3234

* Work on MILC configurations including
physical u, d, s and ¢ quarks in the sea. 3 values of

lattice spacing fixed from M (Y") — M (7T)

 Calculate vector bottomonium correlators, av. over
gluon fields and fit as a function of time to extract
ground-state energy and amplitude.

» Key 1ssue 1s matching NRQCD vector current to

contnm. (0) (1)
Jv = Zv(Jv nrocp + K1y NroCD)
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Use continuum QCD perturbation theory through NNNLO
for moments of vector correlator to fix normalisation

t
Ratios of moments divided by pert. th. give constant Zv for
non relativistic (higher) moments

Adding J®V improves match at lower miments and gives ki
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Allows calculation of Upsilon ‘decay constant’:

3 | | | ! | ! | ! |
(O] Jv|T)
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>
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amplitude > 1 o mym, =02
for = 0 my physical
gI’OU.Ild- <> Experiment from l'cte- = 1.340(18)keV _
O 1 1 1 1 1
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Fit results to obtain physical value: £, — 0.649(31)GeV
2
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Obtain result for excited Upsilon by taking ratio of excited
to to ground-state amplitude so that Zv cancels.
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Can also determine moments for comparison to those
determined from O'(€+6 — hadrons)
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ALSO: b contribn to muon g-2
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Can also determine mp

my 1s accurately (1%) tuned in lattice NRQCD - 1ssue 1s to
determine Zn to convert to my 1n MSbar scheme

Again, use match (Vicont _ g,‘{(ozs, w/mp)
. —

to contnm e n—2
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Take n=18 moment 7



Obtain: e
my(Mp, N = D) -

— 4.196(23)GeV %

HPQCD NRQCD JJ
1408.5768

HPQCD HISQ JJ
1408.4169

HPQCD NRQCD Ej
1302.3739

A ETMC ratio
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Good agreement between
different lattice results.

Weighted average (grey
band):

= 4.184(15)GeV



Conclusions

* Calculations of Upsilon(1S) and Upsilon(2S) leptonic
widths show good agreement with experiment with ~10%

uncertainty.
e Calculation of Re+e- moments with same correlators also
a good test

* mp determination 1s one of best: 4.196(23) GeV

Future

* Improve NRQCD vector current to the same level as
NRQCD action 1s improved 1.€. «x Sv4

* Should also improve my - possible to halve error using
existing perturbation theory and improving lattice calc. ?




Error budget :
HPQCD, B. Colquhoun et al, 1408.5768

Error frvV My mp(10GeV)
Statistics 0.3 0.0
Zv [k1 2.9 0.3
perturbation theory/a - 0.3
uncertainty in a 1.6 0.0
lattice spacing dependence 3.4 0.4
sea-quark mass dependence 1.0 0.0
b-quark mass tuning 1.0 0.0
NRQCD systematics 1.0 0.3
electromagnetism 7, annihilation 0.0 0.0

total 4.8 0.7




