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Poincare symmetry

. Lorentz transformations & translations weinberg
= gauge invariance form =0 & h = x| ( )

= equivalence principle for m =0 & h = £2

= |ocal supersymmetry for m =0 & h = +3/2

= chiral symmetry form=0& h = %1/2

= CPT symmetry

e no analog for h = 0 = hierarchy problem
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e Pand CP for QED and pQCD by construction

« P violation through chiral fermion representation

e CP violation due to fermion generation

 PandT (CP) violation also through
= P a precision tool to study weak interaction (later)
= CP a possible tool to discover new physics (EDMs)

e CPT a tool to access Planck scale physics (tomorrow)
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Flavor symmetries

e Baryon number: p decay, n-n oscillations (AB = 2)
 Lepton number: OVPBB-decay, u~Ti—e* Ca, K* =211 p* e’
* Charged lepton flavor #: p=—e  (Y), T3y, H (£) 2 pe

e Lepton universality: B2 Kupy < B—2Kee @ 2.60 (LHCDb)
» Flavor changing neutral currents: b—=sy, K'= 11" Vv

* Flavor changing charged currents: B—=DTV
(3.90 high @ BaBar, Belle, LHCb)



The weak mixing angle (sin20w)



mixing of
t= (W' Fiw?2)//2
Z° = cosOw W3 — sinOw B A = sinOw W3 + cosOw B

Mw = Y2 g v = cosOw Mz
sin?Bw = g2/ (g% + g'?) = | — Mw?/MzZ? (tree level)
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PV experiments

e atomic parity violation (most precise: Boulder & Paris)

 polarized deep inelastic scattering (€DIS)
(SLAC-E122, PVDIS, SoLID)

« polarized Moller scattering (SLAC-EI58 & MOLLER)

» polarized elastic ep (€C?) scattering (Qweak & Mainz—P2)
e PV inisotope chains (Mainz & KVI| Groningen)
* PV in single trapped Ra ions? (KVI Groningen)
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The Low-Energy (Fermi) Limit
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= in SM: enhanced sensitivity to
(compete with ultra-precise Z-pole determinations)

= Beyond SM: enhanced sensitivity to
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Atomic parity violation

e g%av (coherent) Stark induced- g

. . 172 \ m;:3
Z interference amplitude < _
F=3 m=+3

dominant (spin-independent) _

e Qw('33Cs) ~ 0.6% (incl. Dye Laser
theory) c.s. Wood et al. 1997 i,

« spin-dependent nuclear -
anapole moment through /<
difference in hyperfine Sz ‘9-19GHZ
transitions

F=3
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large Q* = Ar(d) ~ 10~*
large y = g®av and g®av
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e Alr~3x|08

e purely leptonic

= very clean theoretically
= ultra-high precision

= need at least one 2-loop

electroweak calculation
S. Barkanova & A. Aleksejevs
(Memorial University of
Newfoundland)
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Beyond the Standard Model



New physics discrimination

mixing oblique contact portal

Mw [z ZH-threshold
Ars@Belle |l PVES

APV

Z-pole
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precision sinZ0w Nnew

Qweak final 45 % 0.0008 33 TeV
SolLID 0.6 % 0.00057 22 TeV
MOLLER 2.3 % 0.00026 39 TeV
P2 2.0 % 0.00036 49 TeV
PVES 2C 0.3 % 0.0007 49 TeV
APV 22°Ra 0.5 % 0.0018 34 TeV

APV 23Ra / 22°Ra 0.1 % 0.0037 16 TeV
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