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Global Symmetries =  Conservation Laws
Local Symmetries = Forces

Space Time Symmetries

Discrete Symmetries
Charge Conjugation (C), Parity (P), Time Reversal (T), CP, CPT

Theory & Experiments
Novel Models & Searches for Deviations
(from Standard Theory)
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Some Questions Left Open by Standard Model | -

* Fundamental Fermions (leptons, quarks) three families ? Masses
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* Origin of Parity Violation in Weak Interactions

mirror

nuclear

= details of B-decays spin

== (¢ Povw. NS
(= adomic s e e nuclear spin

* Dominance of Matter over Antimatter in Universe ?
CP - Violation, Time Reversal Symmetry m

-

= permanent electric dipole moments ? %v




What to do in view of the present situation with muon g-2

* There are several 3 c anomalies:

2 ¥ .66 Im?nk_.s& 36 dleviation }..sx...u.?. *PQU.\
- mm=N®SAZNv >wm»un>ﬂm versus >w.w gives 3.60

2
e Ei ngn...oi.mvw versus Z:.—d<&=»®€n—|n.|£ gives 3.60

* Electroweak fits do not converge very well any more, only (sub) % probability !

Note: Running of QED coupling constant  has hadronic corrections related to
hadronic corrections in g-2 ()

* Consequences for Higgs Mass?
with et*-e data
my= 80.451(33) GeV/c? =  my = 38 GeV/c?

w (Marciano Oct. 2002)
SLAC A, =  my = 50 GeV/c?

lower by 16 % with T data
lower by 32 % if all g-2 deviation assumed to be due to hadronic vac. pol.

direct search limits =) my >110 GeV/c? 95%C.L.
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4 Precise Measurements and Constants
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Exclusive measurements

[3—decay
d*W p-q Me
~ 1 bl
B an, - AR L 4%..
p : Pxq
+(J)-|[A=+Bg+D g
) i | B r nucleus
o p %

+AQ.V.|Q.M+©A.NV|_|.~NA.NVVAMQ %0&.&
integrate over all spin variables momentum vectors
only a and b remain
dW =1+af, cos0,,




TRIuP é eak Interaction Experiments >

Experiments on 3-Decays in Traps

B—v correlations SHe,40, °Ne, 3Ar, 38mK GANIL,ANL,LBNL,
ISOLDE, TRIUMF, K

B— asymmetry Ne, 2)Na, 2INa, 3K, 2Rb LBNL TRIUMF,
LANL, KVI

inclusive ®He, 32Ar ISOLDE/Seattle, Leuy

measurements GANIL

Experiments on Parity Violation in Traps

Atomic —um-.ma\ 210 r, 211y Stony Brook, JILA,
violation INFN

a lot of activity = concentrate on your strength
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TRILP 1 5ome Weak Interaction Experiments >,

Experiments on $-Decays in Traps

B—v correlations 6He,40, °Ne, 35Ar, 33mK

B— asymmetry PNe, 2Na, 21Na, 3

inclusive
measurements

ISOLDE/Seattle, Leuven
GANIL

Carity Violation in Traps

Nueu..;-.» 211y Stony Brook, JILA,
INFN
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Nuclear S-decay: Neutron g-decay:
<& = 0.9740(5) <& = 0.9713(13)

(> ¥ Pion g-decay: .
v, = 0.9771(56) \
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Radium Permanent Electric Dipole Moment K

| Radium Atom (Ra )|
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EDMs violate

- Parity

- Time Reversal
-CP Symmetry

Advantage over “best* atom so far ('Hg)

- close states of opposite parity
= several 10 000 enhancement possibl]

- some nuclei strongly deformed
= may give nuclear enhancement




EDM Now and in the Future

d(muon) < 7x10-1?
d e.cm

neutron: ® ~10-20 § Electro-
N magnetic
electron: L N

<—— d(proton) < 6x10%3

V <«—— d(neutron) < 6x10-26

o1 g +— d(electron) < 1.6x10

ght ezoSu

10-29 .‘ \
0 Nooo 2010 Mo 0 Mou

_omo 1970 _omo _oo 0
Start TRIUP 4, (8M) < 10




. Permanent Electric Dipole Moments |
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EDMs violate

- Parity

- Time Reversal
-CP Symmetry

S. Weinberg (1993):

" may be that the next exciting thing to come along will be
the discovery of a neutron or atomic or electron electric
dipole moment. These electric dipole moments ...
seem to me to offer one of the most exciting possibilities

for progress in particle physics."

R.L. Jaffe (2001)

"Electric dipole moments (EDM's) fascinate both theorists
and experimenters. They probe CP violation, one of the
most poorly understood aspects of the Standard Model.
If all CP-violation is encoded in the CKM matrix,

EDM's are too small to measure. For this reason EDM's
are an excellent place to look for CP-violation beyond
the Standard Model. The problem of baryogenesis in the
early Universe continues to suggest that other sources of

CP-violation are waiting to be discovered."

— Just do it &




Enhancement Effects for Permanent Electric Dipole Moments

* Any quantum object cannot have a permanent electric dipole
moment unless there i1s P, T and CP violation.

* “Polar” objects like molecules (ammonia) or nuclei do not have
a permanent electric dipole moment, despite listings in tables!
These objects don’t have such thing like a shape in a well defined

* A permanent electric dipole moment must be proportional to the spin

» Similar to atomic parity violation there is a Z* enhancement

* There 1s an an enhancement due to induced dipole moments

D, HMAE_InoAmlco.m_b (I1+1)><n c+c_|o_._av+o.o.

o En —Enq

» Some enhancement factors: T1 -585, Fr 1150, Ra 40000, YbF 10°
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TRIUP Permanent Electric Dipole Moments W“

There can be only one vector in the system

—%

o BD=nepscld

Spin precession in an Electric Field E
> > >

> DeE Ex]J

= W = = —
i |ExJ|
EDM:s violate
- Parity Sensitivity of spin precession experiments
- Time Reversal propostional to:
-CP Symmetry 1

Polarization? ¢ efficiency * V number ® tirr
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