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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

Uy = Q7)) 9y =9,(Q)

o = o (Q?) ga=9a(Q)
Magnetic dipole moments
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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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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-|—]_/aM=29.3 —> Emagic=ymu=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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EDM violates P and T invariance
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fundamental CP—~odd phases

-

nuclear b
CspT ‘\\ ! |neutmn EDM I

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...
ILL-Sussex-RAL...
magnetic LNPI St Petersbu

-
m
[\
A% ]

-
m
)]
w

Weinberg

E
Q
2
E
-
©
Q.
o)
-
=
]
L
c
o
5
)
pd

1950 1960 1970 1980 1990 2000 2010
Year of Publication

Standard Model of Particle Physics SS 2012




BReaction

Present limit

Reference

pt— ety

BT — e~ T
JoTi— e Ti
poAu — e Ay
3 Pb— e~ Pb

T—rey
T Y

T = plf

T — €€e
70 - pe

K9 = pe
Kt

Z% s pe
Z® - re
Z% s ru

Jur'l"g"'" —_— #_E"i'

KE_ — 71'0,[;"'3_

< 1.2 % 1011
< 1,0x 1012
< 4.3 x 1012
< 6.1x 1013
< Tx10-13
< 4.6x 10711
< 83x 101
<11lx10-7
< 45x%x 10-8
< 3.2%x 108
< 3.6 x 108
< BB x 10~2
< 4,7x 1012
< 2.1 x 1010
< 3.1 % 10™%
< 1.7x 10-%
< 9.8x 108
< 1.2 x 10—°

ing/Rodejohann

Brocks et al. [49]
Bellgardt et ol [55]
C. Dohmen et al. [T0]
Wintz [72] *

Bert et al. [73]
Honecker et al. [71]
Willmann et el. [23]
Aubert et al. [24]
Hayasaka et al. [25]
Miyazaki et al. [26]
Miyazaki et al. [26]
Edwards et al. [27]
Ambrose et al. [28]
Lee et al. [29]
Arisaka et al. [30]
Akers et al. [31]
Akers et al [31]
Abreu et al. [32]
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l0lation

iolation!

The SM prediction for Lepton
Flavor Violating (LFV) Processes
IS negligible.

Any sign of LFV would manifest
New Physics
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A exit bearn sclencid

B gold target

G vacuum wall

D scintillator hedoscope
E Cerenkov hodoscope

F inner drift charﬁ'l-:ruer
G outer drift chamber
H superconducting coii

| hedum bath

e o

J magnet yoke

n

Table 19.6. Past experiments on 4~ — ¢~ conversion. (*Reported only in
conference proceedings.)

Year Location  Process Upper Limit Reference
1972  SREL #oF+Cu-—se +Cu <16x1073 [66]
1882  SIN pm 328 - e 4328 <7 x107H (67}
1985  TRIUMF p~+Ti—e +Ti < 16x 10711 [68]
1988  TRIUMF p~ 4 Ti-se™ +Ti < 4.6 x 10712 69]
1988  TRIUMF pu~+Pb—e +Pb <48x10°%0 [69]
1993  PSI p+Ti—e” +Ti < 43x 10712 [70]
1996  PSI po+Pb—e” +Pb < 46x 10~ [71]
1998*  PSI pm+Ti—oe +Ti <B1x10718 [72]
2006  PSI b4+ Au—se” +Au < T7Tx107H [73}

SINDRUM i

g/Rodejohann

configuration 2000

28

Standard Model of Particle Physics SS 2012



104 - S'”;}HUM Il _ : run2G00: pe conversion on gold
: ’ | A u N — e N conversion

electron receives kinetic
energy from muon mass
minus nuclear recoil energy
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no sign of a signal!

11 simulations

11 continuous lines:
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Summary

- The Standard Model is tested with high precision by
~ measuring precisely anomalous magnetic moments
~ searching for electric dipole moments
~ searching for baryon or lepton number violation
~ searching for charged lepton flavor violating processes

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

> There is no evidence for new physics
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