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Renormalization group evolution

Main idea: Relate the running of & to the running of the weak mixing

angle. Based on Phys.Rev. D72 (2005) 073003.
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Renormalization group evolution

P Y e
Bridging the SMAdNWBREEIS with the
Parity Violation Program at MESA




Renormalization group evolution

Key idea: We mix both equations in order to absorb the explicit
dependence on «s in the RGE of the vector coupling.
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This is the solution to the running of the weak angle in terms of alpha.
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Renormalization group evolution

P20 e, 2

This is the only term that contains explicit dependence on «s!!
We can not use it at low energies! We need to estimate its size.
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Where does the uncertainty comes

from?
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Ao from hadronic data

The running of the fine structure constant can be written as

() = L)

A

a

Aa(p) = 4mall(0, p)

Where [ is the vacuum polarization function, to compute this for the
three light quarks we use a contour in the complex g? plane.
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Aa from hadronic data

2
Ho >
Lo OO
o e S e

Bridging the SM to New Physics with the
Parity Violation Program at MESA




Ao from hadronic data

We computed the integral, and did a cross check the RGE and the
perturbative expantion for R.
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Perturbative uncertainty

(24.86 £ 0.18 — 43 Ad;) x 1074,
Bridging the SM to New Physics with the
Parity Violation Program at MESA




Ao from hadronic data

Including the integration of the cross section ratio R we get

A®E(2.0GeV) = (83.56 + 0.45 + 0.18) x 1074

Using the master equation, we can easily propagate this uncertainty
to the low energy weak mixing angle.

dsin®fyy (0) = (% - sin2éw) dAB) (2.0 GeV)

dsin?fy (0) = £1.2 x 107°
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Disconnected contributions

These comes from diagrams like
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Known to be explicitly small in the perturbative limit. In the hadronic
region, these are responsible of effects like the suppresion of ¢
going to three pions.
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Disconnected contributions

We can roughly estimate the contribution of these diagrams
assuming as to be of order one. This implies,

Adiscsind(0) = 1076

By construction the contribution of the disconnected diagrams to
the weak angle is related to the one in a. For WU less than the
charm mass we get the useful relation

() — 6(po) = —Mg[AdiscOé(,u) — Agisca (o))
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Disconnected contributions

5(1) = 5(0) = =1 = [Adsca(ps) — Adisca(po)]

We can use lattice calculations to constraint these contribution! In
Phys.Rev.Lett. 116 (2016) no.23, 232002, they calculate these
contributions for ap.

As a first estimate we can use the fact that the kernel for ap 1s
enhanced at low energies compared to the one for Aa. This gives us
the an upper bound
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Disconnected contributions

Using the lattice results, the dependence on g? for Aa can be obtained

Adiscr(2.0GeV) = —2.6 x

| _

Agisesind(0) = (—0.6 £ 0.3).

Almost an order of magnitude smaller!

0.0 » 05 1.0
ms ~ 350 MeM Gev)




Flavor separation

How much does the strange contributes relative to the up and down
quarks? essentially we want to split the total contribution as:

AG® (o) = Asb (o) + Ay gl (Tre) = 606 () + Ay g6 (s)

Y

In the past this was constrained using the SU(3) limit, and the heavy
quark limit. This is where the largest uncertainty came from.
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Flavor separation

Now we use a data driven approach. First we look to specific
channels that we can associate with a strange quark current.
using the results from Eur.Phys.). C77 (2017) no.12, 827

channel
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Hard to distinguish!!
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Flavor separation

As a very conservative approach we can take 50%150% of the
contribution of these channels to come from the strange.

Asa(1.8 GeV) = (6.56 £ 011 EUIEISIIS10* = (6.56 = 0.57) x 1072

¥

Experimental uncertainties Kaon channels.

Parametrization uncertainties.
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Flavor separation

Nevertheless we expect this kaon contributions to come from strange
currents.

We can use a lattice calculation (JHEP 1604 (2016) 063,), which
computes the contribution of the strange to ayu. To assign an error to
this assumption.

As0(1.8 GeV) = (7.09 + 0.11 £ 0.19 & 0.23) x 10~ = (7.09 £ 0.32) x 1074,

From another lattice calculation (Phys.Rev. D89 (2014) no.11, 114501)
we estimate

Alattice (2 0 GeV) =~ (6.9 +0.5) x 10~*
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Flavor separation

Now we can propagate this uncertainty to the weak mixing angle.

65%(0) ~ 4 A6\ (m.) = £1.0 x 1077,

20

(3)

A@(z)@s) = A& (M) — 6A;G6(my)
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Uncertainties

source & sin? Oy (0) x 10°

A6 (2 GeV)
flavor separation
isospin breaking
singlet contribution

PQCD
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RGE Running
Particle Threshold
Measurements
Proposed
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Final results

Using the result sinf,, (Mz) = 0.23129(5) from a global fit to electroweak

data we get

sind,,, (0) = 0.23868(5)(2)

In terms of SinéW (O) = /%(O)Sinéw (]\/[Z) this result reads

#(0) = 1.03196 £ 0.00006 + 1.14 Ao+ 0.025 Ad, — 0.0016 A — 0.0012 Ay,
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Conclusions.

We updated the inputs for different data.

Included next order contributions for QCD in the
RGE.

Different method to handle OZI contribution.
Different method to handle the flavour separation.

The uncertainty is now four times smaller.
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Extra stuff starts here....

To estimate the size of the SU(2) breaking we assume that the SU(2)
breaking is as large as the SU(3) one. This gives us

Ao (hy) < 14.8 x 1074,

We propagate this to the weak mixing angle, giving us
3 -
5()_——AMng>qjxm4.
Using as a measure it the SU(2) breaking relative to the SU(2)
breaking the ratio

]\[{'*i ]\[{*O

20 ~ 0.06,
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Matching conditions

At each threeshold we have to match the electromagnetic coupling
constant. This is very similar to the QCD mathcing. Using results
from Chetyrkin 2006 we get
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Threshold masses

We define a threshold mass as the t' hooft scale where the matching
conditions become trivial. We obtain it up to next order in QCD. We
computed this in the perturbative regime

- { 13 & (10073 655 361

128 - -
24 1 3456 288CS

(1.61024 + 0.59599 1, — 0.00964n2) =

62208
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Threshold masses light quarks

This defintion implies that for the light quarks we must have

=7
N o QU . m

KGep(me) < Kgeop(Me).-

ms < 390 MeV,
K@cp(me) =1.34 4 0.16, m — 3420 MeV.
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