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. correlations

Approaches considered for treating the a, - o

Studied approaches probing different hypotheses concerning the possible source(s) of the a, tension(s) :

QE

(0) Scaling factor applied to the HVP contribution from some energy range of the hadronic spectrum

— Approaches taking into account (for the first time) the full correlations between the uncertainties of the HVP
contributions to a, and CLoyppy » based on input from DHMZ 19 (arXiv:1908.00921):

correlations between points/bins of a measurement in a given channel, between different measurements in the same channel,
between different channels; full treatment of the BABAR-KLOE tension in the n'n” channel

Computation (Energy range) afvp’ LO 110719 | Aanaa(MZ) [1074] P
Phenomenology (Full HVP) 694.0 = 4.0 275.3+ 1.0 44%
Phenomenology ([Th.; 1.8 GeV]) 635.5 + 3.9 55.4 £ 0.4 86%
Phenomenology ([Th.; 1 GeV]) 539.8 + 3.8 36.3£0.3 99.5%
Lattice (Full HVP)BMW 20 (v1)|  712.4+4.5 - -

(1) Cov. matrix of a and o, (Pheno) described by a nuisance parameter (NP, ) impacting both quantities (used to shift a
to some “target” value - cohel.rent shift applied to aQED) and.another one (NP,) impapting only %ok (used in the EW fit)
Note: “target” values chosen in order to reach agreement with the BMW 20 prediction / Experimental a, (xlo)

Uncertainty components aEVP’ Le Aahad(Mg)
NP, o(a;"" ) o(Aomaa(M3)) - p
NP, 0 o(Aanaa(M32)) - /1 — p?

(2) Include the HVP contribution to a, as extra parameter in the EW fit, constrained by the Pheno & BMW 20 values
Note: Also accounted for the coherent impact of o, on the HVP contribution and on the EW fit
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Results: comparing the Phenomenology & BMW 20 values

af}vp’ LO shift Approach 0 Approach 1
(Energy range) Scaling factor I A’ omaa(M2) || Shift NP I o’ (Aahad(l\lﬁ)) I A opaa(M3) N;f
HVP, LO HVP, LO —5
e, — e IO 1.027 0.02826 4.6 9.0-10 0.02774
(Full HVP)
(@F {ittion) — 10) — G (proacy 1.020 0.02808 3.5 9.0-107° 0.02769
(Full HVP)
HVP, LO HVP, LO —
T R L 1.029 0.02769 47 9.5-107° 0.02768
([Th.; 1.8 GeV])
(@ {rntrice) = 10) = @) Brnc) 1.022 0.02765 815 9.5-107° 0.02764
([Th.; 1.8 GeV])
HVP,LO _  HVP, LO
a;L (Lattice) /,1, (Pheno) 1.034 0.02765 - - -
([Th.; 1 GeV))
HVP, LO HVP, LO
(At —10) — allpn ) 1.026 0.02762 = = 2
([Th.; 1 GeV)) o
— Large scaling factors (w.r.t. exp. uncertainties) & significant shifts of NP, <
aEVP’ LO ihist Nominal Approach 0 Approach 1 Approach 2
(Energy range) Alahad(MZ ) X2/lldf Alah.dd(I\Jz ) X2 /ndf A/ahad(l\/lz ) X2/lldf Aluhad(lwz ) X2/udf
0.02753 18.6/16 0.027530 28117 )
(p=0.29) ! (p=0.04) :
LHVP, LO HVP, LO 2(BMW20-Ph: |
&, (Lottice) — *p (Pheno) 0.02826 27.6/16 0.02774 20.3/16 ‘)E(___\Y_O__Enf)_?g
(Full HVP) (p=0.04) (p=0.21)
HVP, LO _ _HVP, LO
% (Laceiod] ~ " (Prenc) 0.02769 19.9/16 0.02768 19.8/16
([Th.; 1.8 GeV]) (p=0.22) (p=0.23)
_HVP,LO _ _HVP, LO
% (Lattice) ~ “u (Pheno) - 002765 Lo Ee - -
([Th.; 1.0 GeV]) (p=0.24)

— Addressing the BMW 20 - Pheno difference for a has little impact on the EW fit,

except for the unrealistic scenario rescaling the full

VP contribution
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Note: Similar conclusions for the comparison with the Experimental a, value (see backup)
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Scaling factors and NP shifts

GEVP, LO ¢hift Approach 0 Approach 1
(Energy range) Scaling factor ‘ A'apaa(M3) || Shift NP, ‘ o’ (Aomaa(M7)) l A'anaa(M7)
“S&&i) - “E(V;;;eﬁ% 1.027 0.02826 4.6 9.0-107° 0.02774
(Full HVP)
(@, Cattice) — 10) — 031 (Prien) 1.020 0.02808 855 9.0-107° 0.02769
(Full HVP)
“E(Vi{tﬁi) - “E\(ﬁ;ﬁ,ﬁ) 1.029 0.02769 4.7 9.5-107° 0.02768
([Th.; 1.8 GeV))
(@ (Lastice) = 10) = 631 (Prienc) 1.022 0.02765 3.5 9.5-107° 0.02764
([Th.; 1.8 GeV])
VP LO | gHVE 1O 1.034 0.02765 - & -
([Th.; 1GeV])
iy 1)~ | oo | - '
([Th.; 1GeV])
ap™® — gy (Fhene) 1.037 0.02856 6.6 9.0-1075 0.02782
(Full HVP)
(@B _ 10) — g3 (Phene) 1.028 0.02831 5.0 9.0-107° 0.02775
(Full HVP)
aBp _ oSM (Phenc) 1.041 0.02776 6.6 9.5-107° 0.02774
([Th.; 1.8 GeV])
(@ — 10) — ap " (Fhen) 1.031 0.02770 5.0 9.5-107° 0.02769
([Th,; 1.8 GeV])
=R, gt (Rhee) 1.048 0.02771 = - -
([Th.; 1 GeV])
(aBP —10) — ap " (PP 1.036 0.02766 - - .
([Th.; 1 GeV])

— Large scaling factors (w.r.t. uncertainties) & significant shifts of NP,
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EW fit inputs and y* results

LEP/LHC/Tevatron
Mz [GeV] 91.188 = 0.002 R? 0.1721 + 0.003 My [GeV]  125.09 £0.15
o0, [mb] 41.54 £ 0.037 RY 0.21629 +0.00066 Mw [GeV] 80.380 + 0.013
I'z [GeV] 2.495 £+ 0.002 Ac 0.67 & 0.027 my [GeV] 172.94+ 0.5
A; (SLD) 0.1513 + 0.00207 A; (LEP) 0.1465 £ 0.0033  sin® 64 0.2314 + 0.00023
Abp 0.0171 £ 0.001 me [GeV] 1.277097 Gev After HL-LHC
¢ 0.0707 & 0.0035 my, [GeV] 4.20%507 GeV Mw [GeV]  80.380 = 0.008
Al 0.0992 + 0.0016 as(Mz) 0.1198 4 0.003 sin” Qg 0.2314 4 0.00012
By 20.767 £ 0.025 Aol (M2) [107°] 2760 +9 m: [GeV]  172.9 +£0.3
GEVP’ LO shift Nominal Approach O Approach 1 Approach 2
(Energy range) A/ahad(l\l2 ) x2/x1(if A,ahad(M2 ) X2/ndf A/cxhad(l\42 ) X2/ndf A/ahad(l\/[2 ) x2/ndf
0.02753 18.6/16 . - - - 0.02753 [ 28.1/17 1
(p=0.29) | (p=0.04) 1
HVP, LO _ HVP, LO » - 0.02826 27.6/16 0.02774 20.3/16 - [¢(BMW20-Pheno): 9.3,
p (Lattice) w(Pheno) | T | TEEEEE o EEAEE e R EE e EEEEEm T e
(Full HVP) (p=0.04) (p=0.21)
HVP, LO HVP, LO
. (Doktine) — %ps (Phieno) 0.02769 19.9/16 0.02768 19.8/16
va([}:gu.s G:I\\//];’ _ (p=0.22) (p=0.23)
B Loothiney ™ %y (Phenc) 0.02765 19.6/16
([Th.; 1.0 GeV]) (p=0.24)
aEXp = aiM (Pheno) 0.02856 33.6/16 0.02782 21.2/16
(Full HVP) (p=0.01) (P=0810)
aEXp - aiM (Pheno) 0.02776 20.6/16 0.02774 20.4/16
([Th.; 1.8 GeV]) (p=0.19) (p=0.20)
af P — aiM (Pheno) 0.02771 20.1/16
([Th.; 1.0 GeV]) (p=0.22)
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Indirect Determination of M,

EW fit results: y* scans
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EW fit results: parameter scans for varying Aa, d(MZ2)
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EW fit results: indirect determination of Aa, (M ?)

Indirect Determination of A“had(M ) Indirect Determination of Ac,_(M?)
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