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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
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|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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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

{1

branching to electrons/muons

Nowadays directly measured
By, . = 06183 £0.0010

according to HFLAV average
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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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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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...of the current-current correlation function in ime-momentum representation:
] S —_ i -
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« Nonperturbative quantity
« Severe disease with a bad prognosis

« Call a latticist!




rlziclronic sirnolitucdes In Minkowsian

Correlation function, e.g. ./ 4. /z currents on state | )

G(0) = (0|T{Ja(1) s (0)}|P) 20> ¢, emibnt

= (Fourier transform)

LA, Extracting Hadronic Amplitude I7{ )
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in Minkowskian continuum spacetime:

T
p(L) =4 lim / dt "= O(t)
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Inverse Fourier transform: a reliable horse
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Extracting Hadronic Amplitude

in discrete Euclidean spacetime of length T.
S
oT(E) = / dr ¢E7 C, (1)
J )

Inverse Laplace transform!??
A wild and unreliable horse!
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I.e the current-current correlator is the Laplace transform of the needed Hadronic tensor
But

One cannot naively invert this relation if the energy E lies above the minimal threshold E;
This requires an inverse Laplace transform, ill-posed problem on finite noisy dataset

CFR Nazario's talk
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« How to subtract the divergent part?

« Needs all (', to recover the imaginary part!




. ite the decay rate in terms of a cunvulutmn integral over energy
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having incorporated back the leptonic term into the kernels:
. L, 2 A/ . | .
Kp(z)==(1-x%)"6(1—ux), Kr(z) = (1+ 20°) Kp(z)
The explicit determination of the spectral density is avoided: only its convolution with Kis needed
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with coefficients ¢«.rdetermined imposing minimal L? distance

...will this be numerically stable...?
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« This is due to the ¢ function, needed to cut out energy larger than -
« Using this coefficients introduces uncontrolled error in the rate
« We need to smooth out the sharp { function



| -e' Lattice simulations
- [MHansen, A.Lupo, N.Tantalo, PRD 96 (2017)]

el } l'hE rate ,h been tested in the mr.:luswe semi IPtﬂnlc d

- [P.Gambino et al., PRL 125 (

a smeared kernel in terms of a smoothed ¢, and compute the rate
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P(0.L) ~ O(L)
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The extrapolation to zero smoothing is done at the end, exploiting the asymptotic relation

REDY = RUD 4 ¢t 4 (o)
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| 6 [m to control

® This work 2 Planned

Finite Size Effects

L [frm]

D 1 at g GV
T6l 6P 125 0.0705 T(13) 0,1352(2)
BO6  OG7-192  0.07957(13) 0,1352(2)
Cs0 80P - 160 0.06821(13) 0,1349(3)
D96 06102 0.05692(12) 0.1351(3)




o F{A & EuroHPC competitive grants

.« INFN contingent of computing time
Multigrid algorithms to accelerate solution of the Dirac Equation

Optimally implemented in QUDA library by
community + hardware vendor effort

...in a fully GPU-ported suite of
~100k lines of C++17 code

Scaling up to hundreds of GPUs



Maive minimization
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Extrapolation to zero smearing well described by o* asymptotic prediction
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Using the average value £2\7/(ITFLAV) = 3.471(7) we obtain |17, = 0.9752(39)
Good agreement with|13.;| = 0.97373(31 ) from superallowed :3-decay.
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Inclusive Hadronic Decay Rake of the ¢ Teptan
Irom Laltice QULY: The &y Flavor Channel and ihe Cabibbw Angle

Corstuntin Alexsndron," Simare Brochio? Alssmdm De Saanis” Antomn Fvﬂngnlimu.!' Tk Fimkenmarth”
Robermn Frezzotri,’ Ciinsappe 'fjﬂ_lz_li;Lruﬂj,1 Marer Garetala.” Bamosz Kosuzewn,’ Wimozio Lubicz.” Simone Romiti.”
Frances:u ﬁi_rll_lli|l|JLJ:5 Silvang Sinuly’ Macario Tanedo®,® Corster Torbech® and Urs ‘F'«"I:ngrr?

(Fstemded Twrstea] Wuss Collaboralinm

- . p fo BT [ L g s 2
fyelo) = 12a8 py | Vyul Mo (— )+ K (— TRE= ]}
S T~

v 17—

W
LTS -
~1 o
usl i E N
_—
L 1 E LR
25 3
[
. T::?: (e
ER TS -
L]
Tl
il i




] L e
L ' ! TY PR L TR ST TR | T PR A Y B

capece b L= Dt aae snoradde o T luw

.

T il
' R S | 1Lz sl

2 —UPE — 1, Bels 7]
s OPE 2 Refs [59)

r—lad -z Bell |10

Hyerems, Hef. |4

=]
-

= oy Ko Rl |7
=
]

o, Tl 3]

L] F iy, Ref. [3]

el 07 — OF S-decaws, Hel [14]

i = A, Ben |2

= | e, Tl 1]
1,23 1.2 [ 1,205

P [T
Hh ot% L= wmmaLma o amrogmw ] e === e e e e e e e e e e s
=t Wiy gy = ETE e gy
Lo unilariiy
DA o w
:-1_; % :; $EH (ERR I - | noo e, Tl []]
% . - — i s am H o -
[T " L
£ - 1
= Y =T L i i i
(.21 .22
! i 1 IE':":. i H 1 [

Alternative determination, not (yet) competitive with K¢s

Some tension is visible indeed...
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but independent
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Pv
Needs to include the photon exchange between hadrons and tau

A few percent effect, but very important to perform effective prediction
Work in progress...






