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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
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theory overview 5
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theory overview 3

—1
5 ]{ dzw(2) I1(2) = Spw Ne(1 + 69 + 65w + dopE + dpvs)
m theory

|z|=s0

4 n+1
- | as\" k(S Cy  Cg Cg
Perturbation theory (OPE) o ;:o (7) g:ocn,klog <?> + 0 n o +@+...

1 2 3 4 - .
Qs o o Qg pt. correction is ~20%

5\ = 0.1012 + 0.0533 + 0.0273 4 0.0133 = 0.1952

Duality Violations el ,UDV(S) — 6_5_78 Sin(a + 58)

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 &5 values

theorekical umaer&am&v?
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5459 = 0.1012 + 0.0533 + 0.0273 + 0.0133 = 0.1952 & .,
59 = 0.1375 + 0.0262 + 0.0104 + 0.0072 = 0.1814 042
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wy(z) = (1 — z)*(1 + 22)

FO: pu? = sg

CL: u? = —s

Discrepancy between FOPT and CIPT (asymptotic separation): linked to an

incompatibility of CIPT with the standard form of the OPE.
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theory: FOPT vs CIPT

Fixed Order (FO) or Contour Improved (Cl) lead to different &5 values

theorekical umaer&aimﬁv?
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0.18}

a a; s o |

i ’ ’ * 0.16]

5459 = 0.1012 + 0.0533 + 0.0273 + 0.0133 = 0.1952 & .,
59 = 0.1375 + 0.0262 + 0.0104 + 0.0072 = 0.1814 042
0.10}

0.08—

wy(z) = (1 — z)*(1 + 22)

FO: pu? = sg

CI: p? = —s

Discrepancy between FOPT and CIPT (asymptotic separation): linked to an

incompatibility of CIPT with the standard form of the OPE.

Resolution to this problem: subtraction of the leading IR renormalon
(Gluon condensate) which gives leading contribution to asymptotic separation

Renormalon-free gluon-condensate scheme (RF GC Scheme) results:
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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 5

—1
5 7{ dzw(2) I1(2) ~ Spw N, (1 + 0% + 65w + dopk + dpvs)
m %heorv

|z|=s0
Desired properties from the choice of weights

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

Choice of weights

wo(y) = Tiny condensate contributions, sensitive to DVs
wa(y) =1 —y? Only D=6

w3(y) = (1 —y)?(1+2y) Only D=6 and 8 Tau kinematical Moment (R,)
wy(y) = (1 —y?)? Only D=6 and 10
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analysis strategy

Suppression of DVs comes with the price of additional

(unknown) higher dim. contributions from the OPE.
e — —

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

- 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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anatomy of the ALEPH and OPAL data sets

e V channel dominated by 7 — 27+ v, and 7 — 47 + v,

e “Residual” channels subdominant (but important for aj!)

e Monte Carlo (MC) inputs for several channels
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Recently measured channels in eTe™ can be

used to improve the vector channel
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e V channel dominated by 7 — 27+ v, and 7 — 47 + v,

e “Residual” channels subdominant (but important for aj!)
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new vector isovector spectral function 8

e Combined data for 27 and 47 channels from ALEPH & OPAL

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

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

No Mownte Carlo LMF’M&S; IB corrections to CVC negligible

e Results updated for recent branching ratio measurements
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improved vector isovector spectral function

Combination of 2w +47 channels

Good x? both locally and globally, no y? inflation needed NO MOnte CarIO |ﬂpUt

Original data sets from: BABAR, SND and CMD-3

Whole fit range

0.14r 2rt+l4rr channlels y 0'0040_I- - w(=non-3m)
4 ALEPH data 0.0035}- K- K0 "
0.12f L OPALdata ] mm o n®
010k ¢ Clusters | 0.00301" o Kkr-
X2/dof = 1.144 0.0025 = ,i;,m
= 0.08F E 0.0020} (3m) ~ w(=non-3m)
2 0.06] 0.0015} =
0.04 0.0010F
0.021 0.0005-
o00l 0.0000F
0.0 0.5 1.0 15 2.0 2.5 3.0
s [GeV?]
S T — S
new vector-isovector spectral function
| | | r | | |
0.14 ® B
0.0100 T
B g i
0.12 ¢ 0.0075 -
0.101 . 0.0050 |- = i
¢ 0.0025 - -
& 0.081 * . 0.0000 [ | | | =
Q 1.0 1.5 2.0 2.5 3.0
- . . m Total
L °®
0.04| S Ty i o 2m+4m
L] (]
S e SIS
002 — .l w.‘ I + I .
y, A A Residual
0.00 == | ! ! I I I —

Diogo Boito



Results

Diogo Boito



strong coupling from the new spectral function 10

Several fits, single moments or in combination

Many fit windows: [Smin, m7]

Consistency between different fits (a5, condensates, DV params.)
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strong coupling from the new spectral function 10

Several fits, single moments or in combination

Many fit windows: [Smin, m7]

Consistency between different fits (a5, condensates, DV params.)
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strong coupling from the new spectral function 11

Consistency between different fits

moin.
Wo
10085U%3
1UoéklU3
wWo&wy

CG[C}GX/6]
—0.0059(13)
—0.0070(12)
—0.0068(12)

S
S
<

S
w

S

\V)
~—~~N N /N

<

~—~ —_ —_
— —
| |
c &
N N—
~— N
N
ot
DO
<
~—

S

i~

<

N— N N NS

Diogo Boito



strong coupling from the new spectral function

Consistency between different fits

moin.
Wo
Wy &w2
wo &w;g
wWo&wy

Final value

11

wo(y) =1

UJQ(?J) =1- y2

ws(y) = (1 —y)*(1+2y)

Ce [G6V6] wa(y) = (1 —y*)?

—0.0059(:_3)
—0.0070(:_2)
—0.0068(:_2)

pt. series truncation, scale variation

a,(m,) = 0.3077 -

:

- 0.0065,, -

= 0.3077 -

- 0.0075

- 0.0038 1
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stability of the DV ansatz

leading corrections to DV ansatz

pPDV(S) = (1 — g + - ) e %7 sin (a 4 Bs)

Fits including the leading DV correction (scan of fits with fixed value of ¢)

12
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stability of the DV ansatz

leading corrections to DV ansatz

ppv(S) = (1 + g + - ) e 7 sin (o + fs)

DB, Caprini, Golterman, Maltman, Peris, PRD ’18

Fits including the leading DV correction (scan of fits with fixed value of ¢)

0.33—
0.32/
, 0.31
° 0.30!
0.29

0.28

LARREY

New V spectral data

12
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stability of the DV ansatz 12

leading corrections to DY ansatz

pPDV(S) = (1 — g + - ) e 7 sin (a + Bs)

DB, Caprini, Golterman, Maltman, Peris, PRD ’18

Fits including the leading DV correction (scan of fits with fixed value of ¢)

highly disfavoured highly disfavoured
by data: steep |2 growth by data: steep |2 growth
0'33:I R : 20 """"""""""""""""""""" _
0.32 1/ stability 18]
g ot M SRIRIRERSIRET d
I ] i New V spectral data
030 | |l _
New V spectral data [ ® s%&biii&v
029 p 2 ~. » o ® ® ® ®
oo . . . . 3 e
-2-10 1 2 3 4 5 -2-10 1 2 3 4 5
C C

Results are very stable against this modification of the Ansatz
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Final result 13

Results at m.;

ay(m;) = 0.3077 + 0.0065, + 0.0038
—0.3077 £0.0075  (n; = 3, FOPT)

T —

Results evolved to m 7

a,(my) = 0.1171 £ 0.0010

(MS, Ny = 5)

DB, Golterman, Jamin, Mahdavi,
OPAL data ! ® ! Maltman, Osborne, Peris, ‘12

T — hadrons+v,
ALEPH data ® , DB, Golterman, Maltman,

Osborne, Peris, ‘15

DB, Golterman, Keshavarzi,

® ’ e*e” — hadrons Maltman, Nomura, Peris,
Teubner ‘18
o = This work DB, Golterman, Maltman, Peris,

Rodrigues, Schaaf, '21

0.114 0.115 0.116 0.117 0.118 0.119 0.120 0.121
as(mZ)
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https://inspirehep.net/authors/1669985

conclusions 14

® \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 27 + 47 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 ®

a,(my) = 0.1171 £ 0.0010

@ = ete™ — hadrons

@ | This work

0.114 0.115 0.116 0.117 0.118 0.119 0.120 0.121

as(mZ)
, — S
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reconciling FOPT and CIPT: renormalon free (RF) scheme for the Gluon cond.

_ _ b

General structure of the gluon condensate (GC) pole is known in QCD at NLO aq = -as(Q)
B (1) _ Ny C (1) (40) ¢ (40) _ (1\t+4b1 T(€ + 4by)
Baolu) = [1 T €40 aQ] (2 — w)LH4bs % Nao (1 Te0%Q ) ZT e T <2) (1 + 4b;)

contribution 0{ ?:he GC
singularity to the
perturbative series

Infrared-subtracted scheme for the GC condensate (“short distance scheme”)

(G = (G*)(R?) — RYY Ny ak,
/=1
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reconciling FOPT and CIPT: renormalon free (RF) scheme for the Gluon cond.

General structure of the gluon condensate (GC) pole is known in QCD at NLO aQ = %as(c))
B (1) _ Ny ‘ (1) (40) ¢ (40) _ (1\t+4b1 T(€ + 4by)
Baolu) = [1 T €40 aQ] (2 — w)LH4bs =¥ Nag (1 Te0%Q ) ZT e T (2) (1 + 4b;)

contribution o«f Ehe GC
singularity to the
perturbative series

Infrared-subtracted scheme for the GC condensate (“short distance scheme”)

| to be expanded (coherently)
iR sm&«; i permrbaﬁmm theory

(G >(n) <G2 RQ _ pt Z N, r(4 0) e
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reconciling FOPT and CIPT: renormalon free (RF) scheme for the Gluon cond.

General structure of the gluon condensate (GC) pole is known in QCD at NLO aQ = %as(c))
B (1) _ Ny ‘ (1) (40) ¢ (40) _ (1\t+4b1 T(€ + 4by)
Baolu) = [1 T €40 aQ] (2 — w)LH4bs =¥ Nag (1 Te0%Q ) ZT e T (2) (1 + 4b;)

contribution 0{ Ehe GC
singularity to the
perturbative series

Infrared-subtracted scheme for the GC condensate (“short distance scheme”)

| to be expanded (coherently)
iR sm\Lm i permrbaﬁmm theory

(G >(n) <G2 R2 _ pt Z N, r(4 0) e

lts more convenient to work with scale invariant GC "tree level” (unexpanded)

conbribution

(GH™ = (GHRF _ R Z Ny Oafy + Nyao(R) | e =R\ PV [
0

u

> du e @r

(2 — u)1+4l31

d

<G2>RF — () _ _ BOI"el sum Unchanged, for any vqlue of
dlog R? scale invariant

the norm. Minimal scheme.
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reconciling FOPT and CIPT

The renormalon-free scheme for the gluon condensate is able to reconcile FO and CIPT results

0.35
e FOPT
0.34} e CIPT
® average
— 0.33+
S
S ¢
é” 0.32+
®
®
0.31F- $ !
0.3+ | |
MS GC scheme RF GC scheme

We can now consistently average the two results to obtain

as(m,) = 0.3120 + 0.0082
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new vector isovector spectral function

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

Whole fit range
I I I
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new vector isovector spectral function

7 residual channels extracted from e™ e~ data + BaBar data for 7 — K Kqv,

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)

0.0040 ' ! ! ] ! '
B 1~ w(—non-3n) Cumulative sum
0.0035F K~ KO° 1 0.008k m~ w-(non—3m) |
e K~ K®
0.0030 S - ] — nnn°
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0.0005 N
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0.0 0.5 1.0 1.5 2.0 2.5 3.0 0.0 0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?] s [GeV?]

DB, Golterman, Maltman, Peris, Rodrigues and Schaaf, arXiv:2012.10440

Diogo Boito



new vector 1sovector spectral function

Combined 27 + 47 (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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stability of fit parameters
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