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Strong couplmg from hadromc tau decays
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alpha s from R(s)and quarkonia

Important test of asymptotic freedom
Larger coupling at lower energies: more sensitivity to QCD
corrections, less precision required from experimental data

Larger non-perturbative contributions (OPE, Duality Violations)
Potential convergence issues Iin perturbation theory are
enhanced (renormalons)
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Strong coupling from hadronic tau decays (& e

Massless (V & A) correlators
I,,(q) =i [ d'z O {7,(2)7,(0)'})

T =i (¥)d

f‘&>;

Braaten, Narison, and Pich ‘92
Sum rules (using Cauchy’s theorem)

1 >0 1 1
— d —Imll — d I1
/| sw(s) - mll(s) Dis: zw(z)II(2)

experiment

‘Z‘:SO theory

» Here we focus on the light-quark current. Tiny mass corrections can then be

neglected, my, mg~ 0. No net strangeness in final states.
* We extract the coupling from the vector-isovector channel (to be discussed in

the next slides)

s © Experimental results should be fully inclusive Diogo Boito
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5 7{ dzw(z)1(2) = ;5 SEW (5}&; +04) + 060w, + Opvs T 5EW)
2| =50 theory

— (1) 1 d _ Banerjee et al. (HFLAV),
Perturbation theory 52(1?) = (a ST“ )> N kenps— ¢ — W) P (—soz/u?) n_ ['(r — (had) + v7) _ 3.21216(683 341(1_186\309

= =1 RO X ' ['(1 — evev,)

Perturbative series for the decay width W(z)=2 [, dzw(z) ~ N,(1+69)=3(1+0.2) ~ 3.6

Gorishnii, Kataev, Larin '91

Surguladze&Samuel '91 Baikov, Chetyrkin, Kihn ‘08

¥ \ 4
Ozl CVZ CVS C\54
59 =0.1001 + 0.0521 + 0.0264 + 0.0127 = 0.1914 bQCD correction is ~20%

(fixed order perturbation theory for R, as(m2) = 0.3144)
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Perturbative series for the decay width W(z)=2 [, dzw(z) ~ N,(1+69)=3(1+0.2) ~ 3.6

Gorishnii, Kataev, Larin '91

Surguladze&Samuel '91 Baikov, Chetyrkin, Kihn ‘08

v v Estimate of fifth order coefficient included
1 2 3 4 |
g g g g Beneke and Jamin 08
59 =0.1001 + 0.0521 + 0.0264 + 0.0127 = 0.1914 bQCD correction is ~20% 5,1 = 283 = 140 DB, Masjuanéggﬁzz 18

(fixed order perturbation theory for R, as(m2) = 0.3144)
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Perturbative series for the decay width W(z)=2 [, dzw(z) ~ N,(1+69)=3(1+0.2) ~ 3.6

n=1

Gorishnii, Kataev, Larin '91

Surguladze&Samuel '91 Baikov, Chetyrkin, Kihn ‘08

¥ v Estimate of fifth order coefficient included
1 2 3 4 |
g g g g Beneke and Jamin 08
59 =0.1001 + 0.0521 + 0.0264 + 0.0127 = 0.1914 bQCD correction is ~20% 5,1 = 283 £ 140 DB, Masjuanéggﬁzz 18

(fixed order perturbation theory for R, as(m2) = 0.3144)

5024 — (0 Cs G | 0 Cs
s I Q0 ' YR

OPE condensates Cp coefficients are parameters of the fit
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1 2 3 4
g g g g Beneke and Jamin ’08

59 = 0.1001 + 0.0521 + 0.0264 + 0.0127 = 0.1914  HQCD correction is ~20% ¢s,1 = 283 =140 DB, Masjuan, Oliani 18

Caprini '19
R., as(m?) = 0.3144

( C C
D>4 4 6 | 8
5OP—E — C,S;l) . A | Cz([67) . 6 | C,EUS) 3 — "

OPE condensates Cp coefficients are parameters of the fit

Duality Violations pov(s) = e ° " sin(a + Bs)

Ansatz based on widely accepted assumptions about QCD: asymptotic Regge behavior and
large-Nc. Main expected corrections: logarithmic and powers of 1/s.

DB, Caprini, Golterman, Maltman, Peris, PRD ’18 _ ,
4 Diogo Boito
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Theory: Fixed Order vs Contour Improved (& e

* For a long time the question of renormalization scale fixing led to an ambiguity
» Fixed Order Perturbation Theory (FOPT, fixed scale) leads to smaller values for the coupling than
Contour Improved Perturbation Theory (CIPT, running scale on the integration contour)

1 2 3 4

Qg g Qg Qg

5\ = 0.1001 + 0.0521 + 0.0264 + 0.0127 = 0.1914
5 = 0.1353 4 0.0255 + 0.0100 + 0.0070 = 0.1779

5 Diogo Boito
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Theory: Fixed Order vs Contour Improved B werae

* For a long time the question of renormalization scale fixing led to an ambiguity
» Fixed Order Perturbation Theory (FOPT, fixed scale) leads to smaller values for the coupling than

Contour Improved Perturbation Theory (CIPT, running scale on the integration contour)

° |Issue now resolved: CIPT is intrinsically different and incompatible with the usual form of the OPE
condensates Hoang & Regner ’20, ’21 (see also Golterman, Maltman, Peris, ’23; Gracia, Hoang, and Mateu ’23)

Ckl 042 CVS &4
5\ = 0.1001 + 0.0521 + 0.0264 4 0.0127 = 0.1914

 The problem with CIPT can be fixed by an adequate subtraction of the leading IR renormalon
Benitez-Rathgeb, DB, Hoang, Jamin ’22
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Theory: Fixed Order vs Contour Improved B werae

* For a long time the question of renormalization scale fixing led to an ambiguity
» Fixed Order Perturbation Theory (FOPT, fixed scale) leads to smaller values for the coupling than

Contour Improved Perturbation Theory (CIPT, running scale on the integration contour)

° |Issue now resolved: CIPT is intrinsically different and incompatible with the usual form of the OPE
condensates Hoang & Regner ’20, ’21 (see also Golterman, Maltman, Peris, ’23; Gracia, Hoang, and Mateu ’23)

Ckl 042 CVS 044
5\ = 0.1001 + 0.0521 + 0.0264 4 0.0127 = 0.1914

 The problem with CIPT can be fixed by an adequate subtraction of the leading IR renormalon
Benitez-Rathgeb, DB, Hoang, Jamin 22

We will not quote results from CIPT in this talk
Diogo Boito
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Analysis strategy Y

4RSEWY

Any analytical weight function can be used in the FESRs (normally polynomials are used)

1 w D>4 w w
\% dz ’UJ(Z) H(Z) — 4—7_‘_QSEW ( tree T 6’51?) + 5OP_E,w T 5](:)\/28 T 6%3\7\)7)

| z|=s0

—1
271

1. Good perturbative behavior
Desired properties from the choice of weights: 2. Small condensate contributions

3. Suppression of DVs

Suppression of DVs comes with the price of additional (unknown)
higher dim. contributions from the OPE: see-saw effect

DV strategy (this work) %

DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147.
DB, M. Golterman, K. Maltman, S. Peris, M. V. Rodrigues and W. Schaaf, 2012.10440

—Accept some DVs (oscillations evident in data)

—Strongly suppress contamination on the OPE
side

—DVs have to be parametrized with a model:

ppv(s) = e 7 sin(a + fBs)

6 Diogo Boito
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4RSEWY

Any analytical weight function can be used in the FESRs (normally polynomials are used)

1 w D>4 w w
\% dz ’UJ(Z) H(Z) — 4—7_‘_QSEW ( tree T 5’51?) + 5O§E,w T 5](:)\/28 T 5](3\7\)7)

| z|=s0

—1
271

1. Good perturbative behavior
Desired properties from the choice of weights: 2. Small condensate contributions

3. Suppression of DVs

Suppression of DVs comes with the price of additional (unknown)
higher dim. contributions from the OPE: see-saw effect

DV strategy (this work) % Truncated OPE strategy

DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147. | A Pich, A. Rodriguez-Sanchez 1605.06830
DB, M. Golterman, K. Maltman, S. Peris, M. V. Rodrigues and W. Schaaf, 2012.10440  } Davier, Hocker, Malaescu, Yuan, Zhang 1312.1501

—Suppress DVs by using w(z) with zeros at z=0
(pinching) but need to ignore the higher order
contributions on the OPE side (too many parameters)

—Accept some DVs (oscillations evident in data)

—Strongly suppress contamination on the OPE
side

—Contrary to previous understanding, &gy obtained from
perturbative QCD, disregarding all non-perturbative

—DVs have to be parametrized with a model:
contributions

5= . see DB, M. Golterman, K. Maltman, S. Peris 24
ppv(s) = e ° " sin(a + Bs)

6 Diogo Boito



Analysis strategy

Any analytical weight function can be used in the FESRs (normally polynomials are used)

—1 1 w (0) |, sD>4 (w) (w)
= 7{ dzw(z)II(z) = 4—7T25EW (5tree + 0y +00pEw T Opvs T 5EW)
| z|=50
Choice of weights
wo(y) =1 Tiny condensate contributions, sensitive to DVs
wa(y) =1 —y° D=6
ws(y) = (1 —y)%(1 + 2y) D = 6 and 8: Tau kinematical Moment (R )
wy(y) = (1 — y?)? D=6 and 10

DB, Cata, Golterman, Jamin, Maltman 11,
Beneke, DB, Jamin '12,

DB, M. Golterman, K. Maltman, S. Peris 16
DB F Oliani ’20

DB, Golterman, Maltman, and Peris '24

Main results are based on the simplest weight function wy(y) =1

(2%
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Experimental data

Davier et al [ALEPH] '14
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The two data sets led to compatible
values for as(m.) for the DV strategy

| FOIIDT Average

OPAL (FOPT)

ALEPH (FOPT)

Average (FOPT)

0.280.29 0.3 0.310.320.330.34

as(m;)

e Can we combine the data sets (as done, e.g., for g—2 of the muon)?
o Are they (locally) compatible?

e Can we improve on the LEP-based data sets with recent experimental results?

DB, Golterman, Jamin, Mahdavi,
Maltman, Osborne, and Peris, ‘12

DB, Golterman, Maltman,
Osborne, and Peris, ‘15

Diogo Boito
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Anatomy of the data sets @

» V channel dominated by 7 — 27w + v, and 7 — 47 + v,
e Residual channels are subdominant (but very important for c.!)
o ALEPH and OPAL used Monte Carlo input for several of the subdominant (residual) modes (not real data)

—~ 3 |
— )] L .
w - N—’
T s [ e ALEPH V > | - OPAL V ]
— Perturbative QCD (massless) 25 - +'| Do |
- - ! T H 3na,m3n _
2.5 — -- Parton model prediction ’
| .
1 5 L t B MC corr -
o [ 0 o ' — perturbative QCD (massless) |
n3n,3n,6m(MC) .
i | ~-- naive parton model
w(MC),nrr’(MC), KK (MC) 15 F [ ]
B B I
15 7KK(MC)
_._
1 L
0 i !_'.'.’-...++_+_
O 1 1 I L1 1 1 I L1 1 1 1 , S - I | I | I L1 1 1
0 0.5 1 1.5 2 2.5 3 3.5
s (GeV?)

Recently measured channels In e e can be used to improve the vector channel using
conserved vector current (CVC) for residual modes in regions where isospin breaking is small

9 Diogo Boito
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Improved vector-isovector spectral function B werae

4RSEWY

o We introduced in 2020 a method to combine existing data and improve on previous spectral functions

_ DB, M. Golterman, K. Maltman, S. Peris, M. V. Rodrigues and W. Schaaf, 2012.10440
o Combined 21t + 4t data from ALEPH and OPAL

> Results based solely on experimental data: 7 residual channels obtained from recente e data (no need for MC inputs)
= All results updated for recent branching ratio measurements

W DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147

10 Diogo Boito
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Improved vector-isovector spectral function B werae

4RSEWY

o We introduced in 2020 a method to combine existing data and improve on previous spectral functions

_ DB, M. Golterman, K. Maltman, S. Peris, M. V. Rodrigues and W. Schaaf, 2012.10440
o Combined 21t + 4t data from ALEPH and OPAL

> Results based solely on experimental data: 7 residual channels obtained from recente e data (no need for MC inputs)
= All results updated for recent branching ratio measurements

W DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147

e New data combination algorithm to deal with strong correlations in 4t spectra from ALEPH and OPAL
< Based on the algorithm of Keshavarzi, Nomura, Teubner *18, ’19 (used in the context of g—2 of the muon)

< Statistical treatment of non-X2 fits from Bruno & Sommer, 23

0

 Inclusion of high statistics Belle spectrum for 7 — @ 7 v, for the first time in inclusive hadronic tau decays

0

e Results including the CLEO spectrum form — m 7 v, also given

(but not enough information about correlations exist to include CLEOQO in the final results)

* New HFLAV branching ratios used g, q/ice ot al. (HFLAY) 24

« Algorithm to avoid d’Agostini bias in multiplication by global factors (branching fractions) . . (NNPDF) 10

10 Diogo Boito
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4RSEWY

Improved vector-isovector spectral function: 2zt channel b

Combination of 2mt spectra (combined results in green)

Whole fit range Resonance region
S e | asp o e >
ata ata
ALEPH dat LePr dt \ Good y“ both locally and globally
3.0 f ¢ Belle data 3.0 ¢ Belledata
y f $  Clusters |t e Effects of error inflation are minimal
| { e | \
38 2.0 f 3 20 p-value per cluster: n°m~ channel fit
; | ; \
H§15— l X H§1_5— \ 1.0—? %
1.0+ ! Y 1.0 £ \\, TX
'f \ - 0.8 F
0.5} 1 “’ 0.5} N
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¢ Clusters ' ¢ Clusters
0.04 1 0.0 0.5 1.0 1.5 2.0 2.5 3.0
> s [GeV?]
K 0.03
=
| =~ ®

' | 0.01F \‘i\ + % * [ ///+
0.1F M - ‘
A t-L ,

~4- —-0.01 -

1.0 1.2 1.4 1.6 1.8 2.0 2.0 2.2 2.4 2.6 2.8 3.0 3.2
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Improved vector-isovector spectral function: 4w channels

Combination of 4t spectra (combined results in green)
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Correlation matrices for 4mt exclusive channels are |ill-

behaved (negative eigenvalues)

Adding up the 41t channels softens the problem, but strong
correlations in OPAL results lead to poor fits

The main issue are the strong, but poorly known,
correlations in the m—31® OPAL channel

Perform fits where the strong correlations in OPAL m—31®
channel are not included in the minimization, but are still
used in the error propagation

General p-value analysis for fits of this type well understood.
Implemented with a Monte Carlo (see Bruno & Sommer, ’23)

Diogo Boito
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Residual channels @

4RSEWY

o 7 residual channels extracted from e e data + BaBar data for - - K Kqv.-
e Dramatic improvement in errors for higher multiplicity modes (near end point)
e Isospin breaking corrections on already small residual modes (1 —2%) would not affect final results

No Monte Carlo input

Residual modes contributions Cumulative residual-mode sums
BN o — 31~ w(—=non-3m)
0.004 -
. KK — + nwn & n4n
-0 -0
. 0.008 |- KK
KK —— + n w(—->non-3m)
_ ) — + KKn
0.003 L B 7 w(—=non-3m) .
mm K K° — + T m
W nwn & n4n 0.006 | —— 4+ KKnn
B 31 w(—=non-3m) —_— 4+ b
0 0
0.004
0.001 0.002
0.000 0.000
| | | | | | | | | |
0.5 1.0 1.5 2.0 2.5 3.0 0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?] s [GeV?]
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Final spectral function @ e

4RSEWY

Contributions Total vector-isovector spectral function
0.14 . ¢ 2mmode 014 .
¥ 4m mode
4 Residual modes
0.12 . 0.12 | t
0.10 o 0.10 - ¢
. 0.08 ° o 0.08 ! °
0 . 0
Q a ®
0.06 - . 0.06 (- |
0.04 ° . 0.04 | f \
.0 .. . ., ) + + .. .. ) p o® LY ¢ * *
0.02 |- , °~. ..__-' * 0.02 |- y \, e oo’ *
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0.00 ..':.__‘m--.“ﬂ““:::22’:...“‘ 7 :: : : : : ° P 0.00 ...o
l | | | | l l
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DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147
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Strong coupling from the new spectral function B werae

4RSEWY

e Several fits, single moments or in combination
« Many fit windows: [s,.;,, m?]

T

» Consistency between different fits (¢, condensates, DV params.)

03 ——m————————r——r——7————————
0.34 | - Weighted average -
0.33 | } i
032F | | _
2031 } * .
= 0.30 | *}* ! i
S020F < 11 t 1 -
Poal < 21%

0.28 ]

027 B ]pval Z 50% 7
0.26 I 1 | K

1.3 14 15 16 1.7 18 19 20 21 22
Smin [GeV?)
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Strong coupling from the new spectral function B

e Several fits, single moments or in combination
« Many fit windows: [s,.;,, m?]

» Consistency between different fits (v ,, condensates, DV params.) DB, Caprini, Go'te”;‘_ark‘; &'V'Ra”dm,a”’ Peéis’ PhRD ;2
. - IC odriguez-osancnez
o Test of possible correction to the DV ansatz OV (s) = (1 n S) =575 sin(a + Bs)
0.3 ——————————7——7——1——"——1—
0.34 - Weighted average 036 T : 13 T ]
0.33 | ' 0.35: ctabl lts 5 5
® | 034_ e resu S _: 12-
0.32 1 ¢ ! 0.33: for good fits 11!
posi 1 l S 0.32) DU
= 0.30 #|+ . 0-315_ _§><10; o
s T ' 0.30 'H } - [ 9 .
0.28 EE | 029 8 .~O~ ° ° ° ° °
0.27 Puar > 50% : 028 e e e TS T
7 _ 2-10 1 2 3 4 5 -2-10 1 2 3 4 5
13 14 15 16 17 18 19 20 21 22 c[GeV?] c[GeV?]
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Strong coupling from the new spectral function B

4RSEWY

e Several fits, single moments or in combination
« Many fit windows: [s,.;,, m?]

T

« Consistency between different fits (<., condensates, DV params.) 0P Gaprin, Gotierman, Maltmean, Peris, P 19
IC odriguez-osancnez

e Test of possible correction to the DV ansatz PV () (1 N g) e~ sin(ar + Bs)
03 r—/————————1— S
0.34 Weighted average - 036 e e f 1 3 AR
0.33 1 | ? i 8%2 stable results 12+
0.32 | | ] 34 | 5 :
! * | 0 33! for good fits 110 .
0 0.31 | | - v : . :
_E/()g()_ | ‘ | | S 032 3 <100 .
Soz| - TR Pl - 8%(1) .H “ °
0.28 | Sm%ﬂ 7 029 - E% { { { { { S ‘mewm o e o o e
0.27 F Dval > 50% - o284+ —_— e
()26p -2-10 1 2 3 4 5 -2 -1 0 2 3 4 5
13 14 15 16 17 18 19 20 21 22 c[GeV?] c[GeV?]

Sénin [Ge\/z]
DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147

as(m?2) = 0.2983 £ 0.00924¢a; £ 0.00265; £ 0.0022p6r¢ £ 0.0025p v
— 0.2983 +0.0101  (ns = 3)

as(my) = 0.1159 +£0.0014  (ny = 5)
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Strong coupling from the new spectral function oo b

Our previous result from 2020 was significantly larger

as(m2) = 0.3077 £ 0.006544a; &= 0.0038cr
= 0.3077 4 0.0075 .

as(m?) = 0.2983 % 0.00924;a¢ £ 0.00265; & 0.0022,6,¢ &= 0.0025pyv
— (0.2983 £ 0.0101 (nf — 3)

DB, Eiben, Golterman, Maltman,
Mansur, and Peris, ‘25

043(77122) — 0.1159 + 0.0014 (nf _ 5) 2022 BFs; A.LEPH - OPAL - Belle ®
(this work)

(Stat. error only)

DB, M. Golterman, K. Maltman, S. Peris, 2019 BFs; ALEPH - OPAL (Ref. [9]) ®
M. V. Rodrigues and W. Schaaf, ‘20

0114 0.116 0.118
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4RSEWY

Strong coupling from the new spectral function oo b

Our previous result from 2020 was significantly larger

as(m2) = 0.3077 £ 0.006544a; &= 0.0038cr
= 0.3077 4 0.0075 .

as(m?) = 0.2983 % 0.00924;a¢ £ 0.00265; & 0.0022,6,¢ &= 0.0025pyv
— (0.2983 £ 0.0101 (TLf — 3)

DB, Eiben, Golterman, Maltman,
Mansur, and Peris, ‘25

as(m2) = 0.1159 + 0.0014 (ns=5) 2022 BFs; ALEPH - OPAL - Belle ° Final result with Belle, new BFs

( S(ttaft\ise::;rz:“y) and new algorithm

2022 BFs; ALEPH - OPAL |
Largest shift due to new values of

the 4mt branching fractions!

2019 BFs; ALEPH - OPAL - Belle

Inclusion of the Belle spectrum leads to
a small shift towards smaller values.

2019 BFs; ALEPH - OPAL

Changes in our data combination algorithm
lead to slightly larger errors but no shift

DB, M. Golterman, K. Maltman, S. Peris, 2019 BFs; ALEPH - OPAL (Ref. [9]) °
M. V. Rodrigues and W. Schaaf, ‘20

0114 0.116 0.118
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Conclusions

%EEE HEP2025
@4'98E\\~\’%

» Vector channel in hadronic tau decays is special: e*e™ data + CVC allows for improvement near kin. end point
 New vector-isovector spectral function purely based on exp. data, no MC input needed
e Inclusion, for the first time, of high-statistics Belle 2t spectrum in an inclusive hadronic tau decay analysis

e QOur analysis can immediately incorporate any new spectrum for 21t or 41t tau decay channels (Belle 11?) {B

Belle I

e Improvements of this type not possible for the axial channel
e Final vector spectral function is competitive

e Final value for the strong coupling lower than before mainly due to changes in exp. BFs

2022 BFs: ALEPH - OPAL - Belle .
(this work)
2022 BFs: ALEPH - OPAL
2019 BFs: ALEPH - OPAL - Belle
2019 BFs: ALEPH - OPAL
2019 BFs: ALEPH - OPAL (Ref. [9]) o
0.114 0.116 0.118
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%EEE HEP2025
s

» Vector channel in hadronic tau decays is special: e*e™ data + CVC allows for improvement near kin. end point

®

®

®

New vector-isovector spectral function purely based on exp. data, no MC input needed

Inclusion, for the first time, of high-statistics Belle 2t spectrum in an inclusive hadronic tau decay analysis

Our analysis can immediately incorporate any new spectrum for 21t or 41t tau decay channels (Belle 11?) {B

Improvements of this type not possible for the axial channel

Final vector spectral function is competitive

Final value for the strong coupling lower than before mainly due to changes in exp. BFs

as(m?) = 0.2983 =+ 0.0092a¢ £ 0.00265; + 0.0022per¢ -

— (0.2983 £+ 0.0101 (nf — 3)

= 0.0020pvs

as(my) = 0.1159 +£0.0014  (ny = 5)

DB, Eiben, Golterman, Maltman, Mansur, and Peris, 2502.08147

2022 BFs; ALEPH - OPAL - Belle

(this work)

2022 BFs; ALEPH - OPAL

2019 BFs; ALEPH - OPAL - Belle

2019 BFs; ALEPH - OPAL

2019 BFs; ALEPH - OPAL (Ref. [9])
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Improved vector-isovector spectral function: 2w channel

Combination of 2rt spectra (combined results in green, A-O-B = ALEPH, OPAL, and Belle)

Exp/Combined —1

Exp/Combined —1

19

0.3 ‘

0.2

2 Combined (A-O-B)

<4 ALEPH

.1.0. N

8 Combined (A-O-B)

-4 Belle

02

04

s [GeV?]

‘0_6. .

.0_8. .

.1'0. .

1.2

0.3

8 Combined (A-O-B)
<4 OPAL

Exp/Combined —1

02 04 06 08 10 12
s [GeV?]

21t data combination dominated by Belle, but Belle
spectrum systematically lower for large invariant masses
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inclusion of CLEO 2rt data

Whole fit range

Resonance region

\ PHYSICA,
ng‘(} SOQ
D'

iy

EPS HEP2025

%, &
4RSEWY
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Duality Violation parameters e
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Vector-isovector spectral functions By e
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d’Agostini bias correction ke
=  wJ/o bias correction l
0.0301 # w/bias correction SN - We correct for the d’Agostini bias that
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i Ball et al. (NNPDF) '10
0.010 - o 4
| y g » The effect turns out to be small
!*g' |
0.005 - ‘;_!
¥
DI
0.000 {1 wsassssess®™
0.5 1.0 1.5 2.0 2.5 3.0
s [GeV?]

23 Diogo Boito



