
   
Stress&testing*the*Standard*Model*

It#might#seem#surprising#that#
particle# physicists# are# so#
keen# to# find# evidence# of# a#
flaw# in# their# current# best#
theory,# the# Standard# Model.#
However,#this#could#lead#to#a#
more# complete# theory# of#
fundamental# physics# and# is#
therefore# a# key# aim# of# the#
field.#The#numerical#methods#
of# Lattice# Quantum# ChromoB
dynamics# have# an# important#
role# here# because# they# allow#
us# to# calculate# accurately# in#
the# Standard# Model# the#
properties# of# bound# states# of# quarks# known# as# hadrons.# Comparison# to# experiment# is#
then#a#stringent#test#of#the#theory.#This#year#on#DiRAC#we#have#done#several#such#tests,#
but#the#Standard#Model#has#passed#each#one.###
Figure# 1# shows# values# for# the# decay# constants# of# hadrons# known# as# mesons.# These#
consist#of#a#quark#and#antiquark#in#a#complicated#soup#of#strongly#interacting#particles.#
The# decay# constant# parameterises# the# probability# for# the# quark# and# antiquark# to#
annihilate# against# each# other# producing# either# a#W#boson# of# the#weak# interaction# or# a#
photon# of# electromagnetism.# On# DiRAC# we# have# the# flexibility# to# store# intermediate#
results#and#so#can#cover#the#full#range#of#mesons#possible#efficiently.##

Another# stringent# Standard# Model# test# is#
provided#by#electromagnetic# transition#rates#
of#mesons.#A# radially# excited#Upsilon#meson#
can# emit# a# photon# and# become# an# eta_b#
meson#but#the#process#is#relatively#rare.#This#
is#because# it#requires#the#quark#emitting#the#
photon# to# flip# its# spin# from#being#parallel# to#
the#antiquark#(so#that#the#Upsilon#meson#has#
spin# 1)# to# being# antiparallel# (so# that# the#
resulting# eta_b# meson# has# no# spin).# This#
makes#the#process#very#sensitive#to#details#of#
the# interaction# between# quark# and# photon.#
Model# calculations# give# results# for# the# rate#
that# vary# by# orders# of# magnitude.# Using#

Lattice#QCD#enables#us#to#control#this#calculation#accurately#and#obtain#an#answer#for#the#
rate# with# a# similar# uncertainty# to# that# from# the# experiment.# Once# again# the# Standard#
Model#passes#the#test.##
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FIG. 9. A summary of values for decay constants of mesons that are narrow and so well-characterised in experiment. Experi-
mental values are given as blue or grey bands and are taken from average weak or electromagnetic annihilation rates [2] using,
for weak decays, average values of the appropriate CKM matrix element. For full lattice QCD results, green open squares
(postdictions) or red open circles (predictions), we take world’s best values. The lattice result for f⇡+

is marked with a cross
to indicate that it is used to set the scale in some analyses (although not here). The result for the K+ is from [28], the B+

and Bs from [5], the D+ and Ds from [16], the � from [9], the D⇤
s from [41], the ⌘c from [26], the J/ from [42], the Bc and

⌘b from [8], the ⌥ and ⌥0 from [48] and the B⇤, B⇤
s and B⇤

c from this paper.
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