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EDITORS' SUGGESTION

Inclusive hadronic decay rate of
the 7 lepton from lattice QCD

The authors express lhe inclusive hadronic decay rale

af the tau lepton as an integral over the spectral density
of the two-point correlator of the weak V' — A hadronic
current which they compute fully nonperturbatively in
lattice QCD. In a lattice QCD computation with all
systematic errors except for isospin breaking effects
under control, they then obtain the CKM matrix element
Vi with subpercent errors showing that their
nonperturbative method can become a viable
alternative to superallowed nuclear beta decays for
ohtaining ¥,q.



......... exchange of a W boson
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Unitary matrix connecting up-like and down-like quarks

Hierarchy of amplitude between different generation
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We focus on the first row of the CKM matrix



e . |
..'.a — TR T llI
AR |

b 5

i 4 i

e

_;__. o e 44 L i 2 :
3 . .h;-,'f_-:_. (] ﬁumear beta deciafs: 0.03%
_____;!;:f} » nerr. beta decay: 0.3%

|Viel is very small
and we can drop it
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[ hadron is the pion, with mass: - = 139.57 MeV

— » Tis unigue among leptons, as it can decay into hadrons
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Tension is more pronounced for inclusive process ™ > Xy e
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Eranching Fraction
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Accuracy: 1.7%

» X,,q Channel:

In the past, obtained by difference
By, =1—Bx,, —B.— B,
W|th 'E;C N
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branching to electrons/muons

Nowadays directly measured
By, . = 06183 £0.0010

according to HFLAV average




o . G . o
IL(z) = \/% e V' SEwW Tr (@) (L =" )r(x) < d@)y™ (1 — v ulz) + e

.I:;!Trk:r.'] {JL:J:'_ ()

Factorization of the amplitude in leptonic and nonperturbative hadronic parts
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All that has been done so far is an application of the optical theorem

. 1
[r—= Xuas] = mﬂm[l}r]

where T = {r|T|7) is the forward amplitude 5= 1441 related to wd states
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; "*' bemg the 7.74 four-momentum, and ¢ = 7~ — P .

Leptonic tensor L'-’}:-“{pr, i) obtained averaging/summing over 7 /i« polarizations:
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Missing ingredient: the hadronic tensor
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