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Higher-order QCD in hadronic tau decays from Padé approximants !J,',.‘,B
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DlOgO Boito , IFSC-Universidade de Sao Paulo, Brazil Abskract

: . . . . We use the method of Padé approximants to obtain predictions for the higher
Pere MaSJuan) [FAE-Universitat Autonoma de BarcelOna, Spaln order QCD corrections to the inclusive hadronic tau decay width. Our predictions

Fabio Oliani, IFSC-Universidade de Sao Paulo, Brazil are robust and model independent.

Hadronic tau decaus Pade approximants

® The tau hadronic width can be parametrized as ® Padé approximants are ratios of two polynomials constructed
Ie pt. theory to approximate a function f(z) whose Taylor expansion is known
N
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® The perturbative contribution is obtained, using analyticity, | ;

as a contour integral where the Adler function intervenes ~» efficient approximation v os |

~p partial reconstruction of analytic properties 4
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® The Adler function is known to five loops [1] -~ _ )
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® It is more costly (in terms of coefficients) to reproduce functions with
cuts on the complex plane. Strategy w—p D-log Padé approximants
® There is, however, a remaining ambiguity in §(©
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59 = 0.1361 + 0.0258 + 0.0102 + 0.0071 = 0.1791 5 "'¢| One can then obtain a new approximation to the original function [~
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Ambiguity related to the (lack of) | Dlogy (2) = f(0 )ef “ENG) m fo+ fiz+ fo2?

knowledge about higher orders T T Y

® But perturbation theory is only asymptotic (factorially divergent)and

it is useful to work with the Borel transformed series defined as/4| Partial approxs.mav\&s. s L
Borel sum the (perhaps partial) knowledge of the analytical . _,, Qu(2)

00 o structure of the function: poles etc... P Prxle) = Ry (2)Tk(z)

B[DJ(t) = Zfrnt— el D(a)= [ dte/BID](t) fixed polynomial —" [3]

Results un QCD

® Having successfully tested the method, we can apply it to QCD |[5]

® The results are known to all orders in the large-3, limit of QCD.

_ 0.10
B[ﬁ](u) 32 elC+5/3)u = (—1)*k M U <
| C 3r (2—u) ; (k2 — (1 —u)?)? renormalon [4] \O o €41 €51 €61 €7,1 €81 €9,1 Padé sum
| - singularities 000 [—e—e—e—s M QQ‘ 5 P? 5562 2762 3865 1.952x 107 4.288 x 10° 1.289 x 10°  0.2080
_ | Qe > eq;c& Py 5553 276.5 3855 1.959 x 107 4.272 x 10° 1.307 x 10°  0.2079
Syo 15(aQ) = ag +5.119af) + 28.78 af) + 156.7 af, + 900.8 ad, + 4867 af - - R Q\r. "~V P} input 304.7 3171 2.442x10%* 3.149 x 10° 2.633 x 106  0.2053
010 L ————— P} input 301.3 3189 2.391 x 10? 3.193 x 10° 2.521 x 10°  0.2051
9 Recownstruction de
P. 2 (as) with Pade approx. Dlogl (u) [5] large-3; (exact) oS Qo.w& 3 cs1 €51 G e cs.1 Co.1 Borel sum
VU vo («\“' DLog, 51.90 272.6 3530 1.939 x 10* 3.816 x 10° 1.439 x 10°  0.2050
032 Toe vaus | os| JSoesu 032 | Borol sum f o.Q‘Q V\s‘(o DLog? 52.08 273.7 3548 1.953 x 10* 3.840 x 10° 1.456 x 106  0.2052
; : op; —* FOPT = . <O , 4 = 6
0.28 CIPT P - - | 0.28 |- CIPT Diog, - - 0.28 CIPT - -» - . (q'\, ¥ o\'q,‘i DLogg input 254.1 3243 1.725 x 10* 3.447 x 10° 1.187 x 10” 0.2012
_ 024 o o2 A 0.24 - @0 @' DLog) input 256.4 3271 1.769 x 10* 3.493 x 10° 1.258 x 10°  0.2019
T g = ¥ 9 NeTe® T g * ¥ _°* : . % ° _!__l_'..'Q - \—/'
0.20 O S habt 0.20 O ol . , 0.20 1 v T i
0.16 ._.-' . 0.16 _,." | Z 0.16 & | | 5
012 _; | 012 _; | " , . 012 _; P \jo.\'\)'e' CS 1 C()',l C?,l CS,I
1 1" 1 11 1 1 4 )
’ P:nuroaliv; order ’ ’ P:’nuroativ: order ’ 3 Pesrtubanv: orger 9 | é'&(*\' \_/' 277 :i: 01 3460 :{: 690 (202 :t 072) i 10 (37 i 11) - 10
~+ excellent reproduction of exact results up to order ~10 v/ : : , : l : , : , : |
~+ results are equally good using Borel transform or the series in the coupling v/ 0.32 |~ Borel sum ~unol resulks | =+ modelindependent
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