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» Motivation
» Hadronic form factors for meson decays

» A brief introduction to Lattice QCD
and heavy-HISQ

» B — K/{(T¢~ form factor calculation
» Preliminary B — K{*¢~ and D — K/{v results
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» Flavour changing weak decays of heavy mesons can test the SM

» D — K/v depends on CKM element: V_,

» B — K{T( is a FCNC, proceeds via loop diagrams

» Both good places to look for new physics
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» Parameterise the ‘QCD bit’ in decays rates etc.

» Describe the shape in ¢ = (Pparent — Qr)daughter)2 space
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Problem: QCD non-perturbative at low energies.

Need to solve path integral. Discretise Euclidean action on a 4D
lattice of space-time points with spacing a.

Many discretisations of the action exist. We use a highly improved
(HISQ) action which removes effects associated with the naive
discretisation process through order a?.

For QCD we must integrate over quark and gluon fields.

Calculate correlation functions by inserting operators and
performing Monte Carlo integration. Repeat for many a v.
and extrapolate to continuum (a = 0).
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We can calculate two and three point functions to study meson masses
and decays from first principles, but with some limitations:

» The computational cost of calculations is very large. This grows
quickly with lighter masses and finer lattices.

» Errors grow large with masses where am g 0.8. This means to
reach the b mass we must use very fine lattices where a is very
small.

The solution is to study heavy mass behaviour. Work with several
heavy masses m. < mp < m; and then evaluate the result at the b
mass: heavy-HISQ.
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» Calculate meson form factors over the full range of ¢* values.
» Interested in fy(q?), fo(q¢?) and fr(q?) form factors for
pseudoscalar to pseudoscalar decays.

» Require three-point correlators with scalar, vector and tensor

current insertions.
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» MILC HISQ 2+4+1+1 ensembles. All valence quarks HISQ

> 5 lattice spacings in range 0.15-0.045fm. Some with physical light
quarks.

» Physical b is amp =~ 0.9 on finest lattice

» Choose several heavy masses and daughter momenta for each
ensemble

» Combine heavy mass fit with continuum extrapolation

D — K comes ‘for free’
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» Cover whole physical ¢> range

~ William Parrott (UofG)  Heavy Strange Semileptonic Decays ~ 8/20



Perform standard z space fit:
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Continuum result at the b mass in blue. Heavy-HISQ allows us to

evaluate at any mass from c to b.
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arXiv: 1306.2384, 1706.03017, 1803.04807

We can study behaviour with heavy mass.
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Normalisation with g = 2GeV, matched to MS at 3 loop at b mass
~ William Parrott (UofG)  Heavy Strange Semileptonic Decays ~ 12/20

Tensor important for SM B — K due to b — s transition
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» Charm mass easy to reach on ensembles

» Full ¢°> range = can compare bin by bin with exp. partial decay

rate data
» Lots of good exp. data available, can compare shape
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» Experimental error dominates each bin.
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Preliminary Vs = 0.9706(66)[(54)th(37)ex], big improvement on current
PDG sl value of 0.939(38)
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» Heavy HISQ an effective method for studying heavy to strange
decays and form factors

» Can improve upon B — K¢T¢~ and D — K/{v results

» Improvement on V., determination from D — K /v using bin by
bin comparisons with experiment

Thanks for listening. Any questions?
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