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The Importance of Broken Symmetries
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Question of Parity Conservation in Weak Interactions*

T. D, Lxx, Columbia Usiversity, New Yord, New Vork
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The question of parity cosservation in J decays and in hyperon and moson decays s examined. Possible
experiments are suggested which might test parity conservation in these interactions
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\ Helicity of Neutrinos*
N a recent paper* on the question of parity in weak
interactions, Lee and Yang critically surveyed the
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experimental information concerning this question and
reached the conclusion that there is no existing evidence

M. Gorowanex, L. Gropzing, axo A W, Soxvax
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either to support or to refute parity conservation in weak -t
internctions. They proposed a number of experiments on
beta decays and hyperon and meson decays which would

A COMBINED analysis of circular polarization and
resonant scattering of v rays following orbital
electron capture measures the helicity of the neutrino,
We have carried out such a measurement with Eu’=,
! : . which decays by orbital clectron capture. 1f we assume
pm\'ulc the necessary evidence for panmty conservalon the most plausible spin-parity assignment for this
isomer compatible with its decay scheme,' 0—, we find

that the neutrino is “left-handed,” ic
(negative helicity).
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Quantum Field Theory -- Spontaneous Symmetry Breaking
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matter constituents

FERMIONS spin = 112,
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Z°— qq, ee, uu, Tt, Vv

Measuring the width of the Z
Counting the number of Generations
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Masses of the Constituents
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Mass Comes from Interactions with the Higgs Field
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CKM Phenomenology
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Verifying the Standard Model

Low Energy Ring
BABAR Detector

~

Electrons

High Energy Ring
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CKM Phenomenology
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History of the Universe

Nucleosynthesis

. 2
Baryon density £, h*
0.005 0.01 0.02 0.03

022 E

IR STTRTTR I TRTIRT R FRTTRTTIT AT TT T AL TV

1075 |

1 1 1 1 1
1 2 3 4 5 6 7 8 910
Baryon-to-photon ratio ), ,




There should be as much antimatter as matter!

100,000,001 100,000,000

q 9

Matter — Antimatter Asymmetry

Sakharov Criteria:
- Baryon number violation (or L—B)(not observed)
T violation (larger than observed so far)
* Non-equilibrium evolution of the universe

The search for large Time reversal symmetry violation and
lepton-baryon number violation goes on!



Electric Dipole Moment




ILL Neutron EDM Experiment
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The Mysterious Neutrino
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F1G. 5. Energy distribution curve of the beta-rays.



Neutrinos are all around

Big-Bang neutrinos ~ 0.0004 eV

Neutrinos from the Sun <20 MeV
depending of their origin.

Atmospheric neutrinos ~ GeV

Antineutrinos from nuclear
reactors < 10.0 MeV




Solar Nucleosynthesis
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Predicted 37Cl Rate vs. Time
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Essentials of Neutrino Oscillations
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Leptons
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Discoveries in Neutrino Physics
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KamLAND Long Baseline Reactor Experiment
20 % of world nuclear power

- Nuclear Power Stations in Japan
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Fermi's Theory of the Weak Interaction

ANNO IV - YOL. I - N, 12 QUINDICINALE 3i DICEMBRE 1033. X1

LA RICERCA SCIENTIFICA

ED 1L PROGAESSO TECNICO NELL' ECONOMIA NAZIONALE

Tentativo di una teoria dell emissione
dei raggi “beta”

Note dol grof. ENRICO FERMI

Riessunto: Teoriz della emissione dei rapgi P delie sostanze radicantive, foodata sul-

Fipotesi che gli elettroni emessi dai nuclei pon esistano prima della disintegrazicne

M3 venganc format, imsieme ad un pewtring, i modo amalogo alla formazione di

un quamio di juce che accompagna un salto quamico di wn atomo Confroato della
teoria con YVesperienza

Neutron Beta Decay Inverse Beta Decay
p v e'
initial = / & final initial final
state N state state state
\ v P n

n—=p+e +V Vep o n+ e



First Direct Detection
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Nobs/Nexp
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Survival Probability
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seoeon ron Water Cherenkov Detector

Present Accounting

Total Rates: Standard Model vs. Experiment
Bahcall-Serenelli 2005 [BS05(0P)]
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Bounded by CHOOZ
l { From Max. Atm. mixing,

V3= (Vy + V) A2
A V3
— Ami, =274%3 107 eV?
> From v,(Up) oscillate
2 AMSi o { H
(mass) atm but v, (Down) don't
P In LMA-MSW, Ry(Ve — Ve)
L = Ve fraction of V2
\p: _} From distortion of Vg (solar)
4 Am2 —
V1 - ©  and V(reactor) spectra
1V,
-V, { From Max. Atm. mixing, V1 & V>

Slide B. Kayser



Mass Hierarchy

Quarks

T — ~175 GeV S ~4.5 GeV
C ~1.4 GeV ~.150GeV
u ~0.004 GeV ~0.014 GeV

Q=2/3 Q=-1/3
Leptons
T ~1.780 GeV S
8 < R o
u ~0.105 GeV
e ~0.0005 GeV Nor'mal Inverﬂ'ed
Q= -1 Q= 0
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Neutrino-less Double Beta Decay

Ovpp First suggested by Furry

0vBB: T, 2 10y
(A,2)

(A,Z) — (A,Z+2) + 2¢




Bethe-Von Weizsacker semi-empirical mass relation
M(A,Z)=Zm,+(A=-Z)m, —a,A+ a A +a 2’ A7 +a,(A-272) A"+ 6

0= -a,A" (even,even) or +a, A (odd,0dd) or 0 (even,odd)
a,->33.5 MeV
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Counts/keV

Claimed Observation of 0vfg in 7¢Ge

5 detectors of overall 10.96 kg enriched to 86%.
Most sensitive to date.

T,» = (0.67 - 4.45) x 102° years (99.73% C.L.)

Majorana v Mass
<mg> =(0.1-0.9) eV (99.73% C.L.)
<Mpe>pest = 0.45 eV

Backgrounds from 214Bi

Heidelberg-Moscow
Experiment |

S

¥

18} 56.66 kg-yr ] 5t
i | Pulse-shape
selection 4

(]
13

Klapdor et al., Phys. Lett B 586 (2004)
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Candidate Experiments

sin%2043

Experiment | Nucleus Detector

NEMO Il |"™Moetal |10 kg of enrich. Isotopes -tracking
Cuoricino | "™°Te + etc. |40 kg of TeO, bolometers (nat)
CUORE 9Te + etc. | 750 kg of TeO, bolometers (nat)
EXO X% e 200kg - 1t Xe TPC

GERDA °Ge 30 — 40 kg — 1t Ge diodes in LN
Majorana |"°Ge 180 kg - 1t Ge diodes

MOON %Mo nat.Mo sheets in plastic sc.
DCBA *ONd 20 kg Nd-tracking

CAMEO ecd 1t CdWOy, in liquid scintillator
COBRA "°cd , *°Te | 10 kg of CdTe semiconductors
Candles BCa Tons of CaF; in liquid scintillators
GSO "ecd 2 t Gd,SiOs:Ce scintill.in liquid sc.
Xe 30xe 1.56 Xenon in liquid scintillator.
Xmass X% e 1 t of liquid Xe

Ultra-low activity
copper

EXO
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Accounting for the mass of the Universe

Newtrinos
0.3°%

Free Hydrogen
and Heluam
L

Dark Matter
25%

Dark Enorgy
T0%

What is the Dark Energy and Dark Matter?
Why are there so few antiparticles?



TeV Scale Particles needed to
Stabilize the Higgs

f
A N\ A
N (f=tbru,...)

M2 = (Mz2), + kg2A?/(162?)

Mﬁ — IVIGUT — IVIPIanck

* New Physics at TeV scale?
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Supersymmetry suggests many new particles

SM (R,*) Superparticle (R,-)
Quarks  u; Squarks  U;
di ai

Leptons v, Sleptons Vi
& &
Gauges ¢ Gauginos g
W W,

B B,

Higgses  h,4 Higgsinos hu,d\
Graviton G Gravitino G

7



Supersymmetry Models helps resolve the “fine tuning
problem” and has other successes -- but unfortunately there
IS absolutely no experimental evidence supporting it.
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LHC Detectors are Poised to find the Higgs

Boson and Supersymmetric Particles




Evidence For Dark Matter

b2
V(r) = GM(r)

r
T T T [ —
150 - .
NGC 6503
;8 . _ -
7 R La s R 231 ]
},«’ P halo
disk N
"""""" - gas :
0 A [ L L
0 10 20

Radius (kpc)
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50 kpc Dark Matter






Detectors are designed to observe the nuclear recoll
induced by a incident ~200 Km/sec Dark-Matter particle

Electron

Backgrounds:

ye = y e’
N=> N+ a,e
nNnN=nN’
y N=>» v N’




DAMA annual modulation

Residuals (epd/kg/keV)

Cross-section Icm2| (normalised to nucleon)

2-5 keV
© [——DAMA/NaI (0,29 tonxyr) ——— U < DAMA/LIBRA (.33 tonxyr >
° E (target mass = 87.3 kal) ' T ' (target mass = 232.8 kg) |
i R A R T A A &
Y T il I : %
B B { I X
B 1 Ao :
E 1 : Lo L i1 i
( ] o S0 &

Time (day)

Bemabei et al., Eur. Phys. J. C56, 333 ('08)
Current search status
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Inconsistent with
other experiments?

1 11 ainl

[—
(=)
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Searches Past Present & Future
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R J Gaitskell, Ann. Rev. Nucl. and Part. Sci. 54 (2004)
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Dark Energy an Experimental Fact?

Supernova Cosmology Project
III!IIIIIIIIIIII

Knop et al. (2003)
Spergel et al. (2003)
Allen et al. (2002 ’

Supernovae |

expands oYt

Bverituatty

recollapses
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Big Questions in Particle Physics:

Does mass really come from the Higgs mechanism?

“Why” is the Universe nearly all matter?

Is there another source time-reversal-symmetry breaking?

Are neutrinos their own antiparticles? Do they violate CP?
What is the dark matter?

What is the dark energy?

Can the known forces be unified with gravity? Quantum Gravity.

What will be discovered in the newest experiments?




A final remark:
| haven’t said anything about String Theory.

Acomment: ..............






