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Several upcoming experiments!

1. Qweak at JLab has measured the weak charge of the proton,
Qw(p) ~ 1 —4sin?0yy. In polarized e"H — e~ H at
Q? ~ 0.026 GeV?.

2. P2 experiment, same observable, at Q% ~ 0.0045 GeV/?, in
Mainz, Germany.

3. MOLLER at JLab Quw/(e), in polarized Moller scattering at
Q? ~ 0.0056 GeV/2.

4. The PVDIS Collaboration at the 6 GeV CEBAF complex at
Jlabe™D — e~ X .

5. SoLID Collaboration will increase the PVDIS precision and a
correspondingly higher and broader Q2 range.



Definitions of the weak mixing angle.

We can define the weak mixing angle in terms of the SU (2); and
U (1)y gauge couplings or in terms of the fine structure constant:
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the first two definitions are modified by radiative corrections. In the
On-Shell Scheme one uses the equation 2 to all orders in
perturbation theory.



Renormalization group equation

Loops produce corrections to the coupling coefficients! for example
the diagram

y v leads to an RGE for & of the
AVAVAVAVAVAVAY AVAVAVAVAVAY: form
~2

>d& 1a

S it

the same type of running applies to the weak mixing angle.



The vector coupling is related to the weak mixing angle by

Vv, = T,' — QQ,' sin2 é\ (3)

the running of this vector coupling can be obtained from the mixed
vacuum self energy diagrams



Solution to the RGE.

After some lengthy algebra they get the following result for the
weak mixing angle
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where the lambdas \’s are numerical constants that depend on the

number of particles, and
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is the contribution of the OZI diagrams.



Experimental input .

In the MS scheme we have the relation
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Experimental input .

We extended the value of /() to include terms of order a2

4n1® — 20, / o (42" 7)

Using the high energy expansion for 1 and the relation between the
pole and running MS mass we get
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Running of the weak mixing angle
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There are 4 contributions to the uncertainty of the weak angle.

The value of & (Mz) denoted by d,, sin® Ay (0) .

The separation of strange and first generation quark effects denoted
by s sin® Ay (0) .

Deviations of the Isospin symmetry denoted by dcyc sin? Ay (0).

Zweig (OZI) rule deviations 6oz sin? Ow (0).
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Threshold masses.

We define the threeshold masses mg m, my, with matching
conditions trivial a;r = a; . In the perturbative case

[1(0, ) 4 61 (0, ) =0
the higher order corrections imply a correction of the form
M3 = m® (1 + ) (9)
where using physical inputs give us for example
M) =1.184GeV 5 = 0.008 (10)
but what about the non perturbative case?
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Bounds on m.
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Bounds on m.

We put bounds on the, for example the heavy limit
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while the SU(3) limit
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Bounds on m.
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The Implications.

Plugging in these results into the equation for the weak mixing
angle (the one we obtained using the @ RGE) we see that the
contribution to the uncertainty given by A&®) (m.) and
A&B) () are

Sasin? Oy (0) < £2.6 x 107° (14)
dssin® By (0) ~ +4 x 107° (15)
Using a lattice result (T.Blum 2016)
S0z18 =7 x107° (16)
and for the SU(2) breaking

Scve sin?y (0) =T, ; x107° (17)
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Theoretical uncertainty.

Adding the uncertainties in quadrature give us the final theoretical
uncertainty
Stheory$> =5 x 107° (18)

with a central value given by

sin? Oy (0) = 0.23862 + 5 x 1075 (19)
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Upcoming ... use of 7 decay to constraint more Agé ().
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