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Testing the Standard Model

The Standard Model and New Physics can be tested in

via quantum fluctuations (in loops)

Running couplings

O(‘em I O(‘em(Qz) gV o gV(Qj)
o = oig(Q) ga=9a(Q’)
Magnetic dipole moments
» - ehJ
— J =
Electric dipole moments
-~ |gqJ Y
O n=0 in SM (LO)
2m
Schoning/Rodejohann 3

—» W, Top and Higgs

prediction of

MaSSEeS

CP,T invariant

not P (CP), T invariant

Standard Model of Particle Physics SS 2013



ents

g = Landé factor

oment from radiative corrections:

eriments for electrons and muons:

e)= 1.15965218073(28) x 10" Hanneke et al.
e), = 1.15965217760(520) x 10°° factor 20!

(
a(u)= 1165 53) X 107
a(u‘)theor_ 1165 ( ) X 10_3
3.7 sigma dlscrepancy
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orage Ring at BNL
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after transportation currently rebuild at Fermilab
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Fig. 11.3. The E821 beamline and storage ring. Pions produced at 0° are collected
by the quadrupoles Q1-Q2 and the momentum is selected by the collimators K1-K2.
The pion decay channel is 72 m in length. Forward muons at the magic momentum are
selected by the collimators K3-K4. {This figure was reprinted with permission from [25].

Copyright 2006 by the American Physical Society.}
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Fig. 4. The schematics of muon injection and storage in the g — 2 ring.
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ﬁ_l’
momentum

actual precession x 2

Fig. 3. Spin precession in the g — 2 ring (~12°/circle).

y=+1+ 1/(1“:29.3 — EmagiczymM:3.098 GeV
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Fig. 5. Decay of u™ and detection of the emitted e™ (PMT = Photomultiplier).
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Fig. 19. Leading hadronic confributiontog — 2.

ation contribution (third order)

ecisely calculated:
en from g_ (corrections are identical)

e taken from e* e scattering !
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F. Jegerlehner, A. Nyffeler / Physics Reports 477 (2009) 1-110
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A?j = 0.5 | I diagram (snalytic)
Hiﬂ = -0.328 478 065 ... 7 diagrams (analytic)

1,181 241 456 ... 72 disgrams (numerical, analytic)
= —1.914 4 (35) 891 diagrams (numerical), (3.49)
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3) x 107°

000154(2) x 10°°
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o= 1.16591773(63) x 1073

most precise

largest uncertainty
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nsformation Properties:

H=-iB-dE

E B M ord
E field P - + +
spin C - - -
T + : g

EDM violates P and T invariance
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fundamental CP—~odd phases

-

nuclear b
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Y ¥ an Yy

EDMs of EDMs of
atomic paramagnetic diamagnetic
atoms (Th) atoms (Hg)

Fig. 13.1. A schematic plot of the hierarchy of scales between the CP-odd sources and
three generic classes of observable EDMs, The dashed lines indicate generically weaker
dependencies.
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Participating institutions: -
ORNL-Harvard
BNL-MIT
ORNL-ILL...
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Summary

- The Standard Model is tested with high precision by
~ measuring precisely anomalous magnetic moments
~ searching for electric dipole moments

> These measurements and searches are model killers!
- Largest discrepancy seen in g -2

> There is no evidence for new physics
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