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strong coupling from tau decays
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strong coupling from tau decays
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strong coupling from tau decays 2
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strong coupling from tau decays 2
=, (¥))d
K> @

I,(0) =i [ d'z (0T {7,()7,(0)'})

Massless (V&A) correlators

Im(sA

Re(s)

Sum rules (using Cauchy’s theorem)

experiment
1 [ L) 1
— dsw(s)—Imll(s) = ,
so Jo T 27180

/ dzw(2)TI(2)

)
Ekearv

Diogo Boito



theory overview 5
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theory overview 3

—1
2! |

1Z|=s0

dzwW(z) F(2) ! Sew N+ 1@ + 1, + Tope + !pvs)
&kamrj

4 n—+1
] - Qg\" k{ —S C4 C6 C8 -
Perturbation theory (OPE) — nz:: (7) ];)Cn,klog <?> t it ost op t a8

see Pich’s talk

1 2 3 4 . i
LS LS e L s pt. correction is ~20%

"8 =0.1012 + 0.0533 + 0.0273 + 0.0133 = 0.195:

Duality Violations —p | DV (S) =g = ° sin(" + #S)

Ansatz based on widely accepted assumptions about QCD: Regge behaviour and
large-Nc¢. Main expected corrections: logarithmic and powers of 1/s.
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theory: FOPT vs CIPT :

Fixed Order (FO) or Contour Improved (Cl) lead to different ! s values
theoretical th&r&aim&j?

see Hoang’s talk
| 1 | 2 | 3 | 4
" S " S " S " S

") =0.1012 + 0.0533 + 0.0273 + 0.0133 = 0.195:
18 =0.1375 +0.0262 + 0.0104 + 0.0072 = 0.181¢
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theory: FOPT vs CIPT 4

Fixed Order (FO) or Contour Improved (Cl) lead to different ! s values
theoretical umcer%aim&j?

see Hoang’s talk

Discrepancy between FOPT and CIPT
linked to an incoherent treatment of the OPE
(previously assumed to be the same for both prescriptions)

We will not quote results from CIPT in this talk

SseasamsmmesmSESmm——TT
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analysis strategy 5
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Desired properties from the choice of weights

1. Good perturbative behaviour.
2. Small condensate contributions.
3. Suppression of DVs.
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analysis strategy

—1
2! 1

1Z|=s0

%keorv

dZW(Z) |_(Z)' Sew NC(1+ |(O) + !EW + !OPE + !DVS)

Desired properties from the choice of weights

1. Good perturbative behaviour.
2. Small condensate contributions.
3. Suppression of DVs.

Choice of weights

Wo(y) =1 Tiny condensate contributions, sensitive to DVs

Wo(y) =1 y2 On

wa(y)=(1! y)*(1+2y) On
Wa(y) = (1 ! y2)2 On

y D=6
y D=6 and 8 Tau kinematical Moment (R )
y D=6 and 10
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analysis strategy 6

Suppression of DVs comes with the price of additional
(unknown) higher dim. contributions from the OPE.

e ——— R

DV strategy % Truncated OPE strategy

DB, M. Golterman, K. Maltman, S. Peris, § A Pich, A. Rodriguez-Sanchez 1605.06830
M. V. Rodrigues and W. Schaaf, 2012.10440 -‘ Davier, Hocker, Malaescu, Yuan, Zhang 1312.1501

see Golterman’s talk

- Suppress DVs buk need to
ignore the higher order
contributions on the OPE side
(too many parameters).

— Accept some DVs, strongly
suppress conbaminakion on the
OPE side.

~ (Serious issues with the truncation of the OPE)
DB, M. Golterman, K. Maltman, S. Peris 16 ‘19
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inclusive hadronic tau decay data
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tau decay data and the strong coupling 8

The two data sets lead to compatible values for a,(m.) : average

| s(m!)

g 'FOPT Average
o OPAL (FOPT)
—_—— ALEPH (FOPT)
— Average (FOPT)
] ] ] ] ] ]

0.280.29 0.3 0.310.320.330.34

Are bhe daka seks tompa\&bt&? Can we combine them?

Can the inclusive spectral functions be improved with recent data?

Diogo Boito



anatomy of the data sets

¥ V channel dominated by !

2" + # and! |

4" + #

¥ OResidualO channels subdominant (but importantfeh)

¥ Monte Carlo (MC) inputs for several channels
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Recently measured channels in ete™ can be
used to improve the vector channel

Diogo Boito
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new vector isovector spectral function 10

e Combined data for 2! and 4! channels from ALEPH & OPAL

Data combination: same alqorithm used in R-data
combination for muon gL

® Exp. data only: 7 residual channels from €' € using CVC (conserved vector
current) and BaBar data for - - K Kqv,

No Mownte Carlo inputs; IB corrections to CVC neqliqible

e Results updated for recent branching ratio measurements

Diogo Boito



new vector isovector spectral function 11

Combination of 27 +4m channels
Good x? both locally and globally, no ¥? inflation needed

Whole fit range
I I I

I I I I
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new vector isovector spectral function 12

7 residual channels extracted from €' € data + BaBar data for 7 — K Kgv,

Dramatic improvement in errors for higher multiplicity modes (near end point)

No Monte Carlo input

Original data sets from: BABAR, CMD-3 and SND (results from |16 papers)
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DB, Golterman, Maltman, Peris, Rodrigues and Schaaf, arXiv:2012.10440
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new vector isovector spectral function 13

Combined 2! +4! (ALEPH and OPAL) + residual channels from data
99.95% of the Branching Fraction covered

new vector-isovector spectral function
I I I I I
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Results
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strong coupling from the new spectral function 14

Several fits, single moments or in combination
Many fit windows: [Smin m;]

Consistency between different fits (a5, condensates, DV params.)

1 _ 1
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strong coupling from the new spectral function 13

Consistency between different fits

moin.
Wo
10085Uk3
1UoéklU3
wWo&wy

CG[C}G\/6]

—0.0059(1
—0.0070(1

—0.0068(1

3)
2)
2)

wo(y) =1
wa(y) =11y
wa(y) = (1! y)?(1+2y)
wa(y) = (1 ! y?)?

2
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strong coupling from the new spectral function 13

wo(y) =1
Consistency between different fits wa(y) =11 y°
wa(y) = (1 ! y)*(1+2y)
mom. P ce[GeV°] W) =y’
Wo 0.3077(65) ——
wo&ws  0.3091(69) —0.0059(13)
wo&ws  0.3080(70) —0.0070(12)
wo&wy 0.3079(70) —0.0068(12)
Final value pt. series truncation, scale variation

|

hgm," # 0.3077$ 0.0065,$ 0.0038.,
- # 0.3077$ 0.0075 In; # 3; FOPT
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Final result 16

Results at 111
hedm," # 0.3077$ 0.0065,:$ 0.0038,

Results evolved to ™ 7
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5 # 0.3077% 0.0075 Ins # 3, FOPT
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OPAL data = ®
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ALEPH data ®
O = eTe~ — hadrons

o = This work
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https://inspirehep.net/authors/1669985

conclusions 11

® \Vector channel is special: CVC allows improvement near tau kin. end point.
e New vector isovector spectral function purely based on data, no MC input.

e Analysis can be improved with new data for the 2! + 4! channels only!

D
Do

Belle IT

® Improvements of this type not possible for the axial channel (no axial photon).

® Final result from the new vector spectral function is competitive.

OPAL data [ @]

7 — hadrons+v,

ALEPH data @]
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® = ete~ — hadrons

-@ = This work
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