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Figure 20: Running of the weak mixing angle sin2 ✓W , updated from Ref. [359] (by courtesy of R. Ferro-Hernandez). Data points for Tevatron and
LHC are shifted horizontally for clarity. The expected Q2 coverage of the future electron-ion coillder (EIC) where its expected data will have an
impact is shown by the arrows. The achieved precision from Qweak is ±0.0011 [347], and the expected precision from P2, MOLLER and SoLID
PVDIS are ±0.00033 [360], ±0.00028 [361] and ±0.00057 [362], respectively.

energy of either one of the scattered electrons. The SLAC E158 experiment measured gee
AV = 0.0190 ± 0.0027 and1499

sin2 ✓e↵W = 0.2397 ± 0.0010(stat.)±0.0018(syst.) at Q2 = 0.026 (GeV)2. The MOLLER experiment will improve the1500

uncertainty of gee
AV (Qe

W ) to relative ±2.4% and sin2 ✓W to ±0.00028 [361], comparable to the results from SLC [363]1501

and LEP [352].1502

The current knowledge on the AV,VA electron-quark couplings are shown in Fig. 21. The latest data on geq
AV was1503

from the parity-violating asymmetry in ep elastic scattering during the Qweak experiment [346, 347]:1504

Aep
RL,elastic = �

GF Q2

4⇡↵
p

2

⇣
Qp

w + Q2B(Q2, ✓)
⌘
, (10)

where Qp
w = �2(2geu

AV +ged
AV ) is the proton weak charge, �Q2 is the four-momentum transfer squared, ✓ is the scattering1505

angle, and B(Q2, ✓) represents the proton’s internal structure. By measuring the asymmetry at Q2 = 0.025 GeV2 and1506

extrapolating to the Q2 = 0 point, the weak charge of the proton was determined to be Qp
w = 0.0719 ± 0.0045 and the1507

weak mixing angle sin2 ✓W = 0.2383 ± 0.0011. When combined with atomic parity violation experiment [355, 356,1508

357], the Qweak experiment provides the best constraint on the geq
AV couplings to date. The P2 experiment planned at1509

Mainz will improve the uncertainty by a factor 3 over Qweak, determine Qp
w to ±1.83% and sin2 ✓W to ±0.00033 [360].1510

One may notice the stark contrast in Fig. 21 in the precision between AV and VA couplings. This is because1511

access to the electron’s axial coupling is directly provided by the spin flip of electron beam and thus is an observable1512

in all PVES experiments. On the contrary, access to the quark’s axial coupling requires quark spin flip and can only1513

be achieved in the DIS regime, and is suppressed due to angular momentum conservation by the kinematic factor1514

Y = [1 � (1 � y)2]/[1 + (1 � y)2]. For electron DIS o↵ an isoscalar target such as the deuteron and if one considers1515

only the light quark flavors u and d:1516

Ae�,PVDIS
RL,d ⇡

3GF Q2

10
p

2⇡↵

h
(2geu

AV � ged
AV ) + RVY(2geu

VA � ged
VA)
i
, (11)

where RV (x) ⌘ (uV + dV )/(u+ + d+) with q+, qV defined with parton distribution functions q(x): q+ ⌘ q(x) + q̄(x) and1517
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