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Motivation

® Possible light new physics. For example 7Z°s.
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® Possible light new physics. For example 7Z°s.

® Future low energy experiments will be able to measure
the weak mixing angle with tiny error ~0.0003.
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Definitions
On shell




Definitions

On shell
M2
sinf = 1 ‘g/
MZ
At leading order

A

sin f =

sin? 6 = sin‘ 6




Definitions

On shell MS
M? Xy /-
sin6 = 1 14 Sin‘ 6 = ,29 ]
M2 9“4+ g

Atleading order ——» sin? § = sin® ¢

Including loop corrections =—» /0 C082 9 — 6082 9



Polarized electron scattering
Asymmetry at NLO

Arg =



Igle
scatterin
' electron
A S O

:
Ue /Y
v e Ve
Op — OR

+ Vertex+box



RGE

From the ~Z bubble we obtain,
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RGE

@f — Tf — QQfSiDQéW

From the 4 bubblefwe obtain,

o)l

while the RGE for ¢y Is .
ydao  6f | 1 W

=== [ﬂzKﬂzQ% o zq:@q J

d Z,



RGE

From the ~vZ bub
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Numerical constants;
depend on the number
of particles
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Solve for ¢ to get 5%
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RGE down to zero

Below the particle mass, such particle is removed from the RGE.
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RGE down to zero

Below the particle mass, such particle is removed from the RGE.

The numerical values )‘Z will change.

Neec|j< to disentangle the contributions of the strange, up and down
quarks

Need to estimate the disconnected contributions
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The light quarks

() -
a(p) = -
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24 M. Davier A. Hoecker, Malaescu, Zhang 2017



The light quarks
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Strange quark contribution



Strange quark contribution u W~<

Use channels that correspond to strange quark current: ¢(1020), ¢(1680)



Strange quark contribution u .

~
|

Use channels that correspond to strange quark current: ¢(1020), ¢(1680)

For kaon channels we take a 50% contribution 4-50%.

channel Aa x 10%

KK (non — o) 0.76
KK2xn 0.30

KK3r - -0.01
KKn 0.00
KKw 0.00

Total

arxXiv:1712.09146
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Strange quark contribution u .

U _

Use channels that correspond to strange quark current: ¢(1020), ¢(1680)

For kaon channels we take a 50% contribution 4-50%.

channel " Aa x 10°
KK (non — ¢) 2 69 0.76 After combination with lattice (RBC and UKQCD 2016):

KK2xn 85 0.30
KK3r -0.0: -0.01

; W Aa(me) = (8.71£0.32) x 1077

Total

|
§552(0) ~ — sAGH (me) = £1.0 x 1077




Error buaget

source 5 sin? Oy (0) x 10°
A6 (2 GeV) 1.2
flavor separation 1.0
1sospin breaking 0.7
singlet contribution 0.3
PQCD 0.6
Total 1.8
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Error buaget

source 5 sin? Oy (0) x 10°
A6 (2 GeV) 1.2
flavor separation 1.0
1sospin breaking 0.7
singlet contribution 0.3
PQCD 0.6
Total 1.8

RBC/UKQCD 1512.09054
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Polarized electron scattering asymmetry at NLO

In the MS scheme at y = M, (Marciano and Czarnecki 1995)
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Polarized electron scattering asymmetry at NLO

In the MS scheme at y = M, (Marciano and Czarnecki 1995). Y
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Polarized electron scattering asymmetry at NLO

In the MS scheme at y = M, (Marciano and Czarnecki 1995).
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Polarized electron scattering asymmetry at NLO

In the MS scheme at y = M, (Marciano and Czarnecki 1995).
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Polarized electron scattering asymmetry at NLO

In the MS scheme at y = M, (Marciano and Czarnecki 1995).
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Asymmetry at NNLO

Vormal+yt+ (1 —vy)

1(1— 4sin” Oy + AQS) (arXiv:1912.08220, arXiv:2202.11976)

$(0)—ax scheme  5(0)-G, scheme

I 0.39
077

5(0) £ 0.06 013, .x . 4+023.40) X105
2,0

AQ(;V)fm( had)

- 0.28)><10_3 —— > 0.6% theoretical uncertainty
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Outlook.

Combine with lattice results to the 74 vacuum polarisation here at Mainz
(arXiv:2203.08676)
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Outlook.

Combine with Igttice results 1o the Y4 vacuum polarisation here at Mainz
(arXiv:2203.08676)

Use g dependent vacuum polarization to improve the results on
box diagram (Moller)
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Outlook.

Combine with Igttice results 1o the Y4 vacuum polarisation here at Mainz
(arXiv:2203.08676)

Use g dependent vacuum polarization to improve the results on
box diagram (Moller)

FInd a way to systematically re-sum contribution from the
oboxes, LEFT?
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