© . " CP Violafion + -

"+ Fitch and Cronin observed that beth .

C: Charge Conjugation- every charged particle has an oppositely ,
charged antimatter counterpart, or antiparticle

P: Parity- thé reflection i’ the ogigin of the space coordlnates of a

partlcle or particle system - = T ‘ : '

\ \CP- violation is the violation of the eohservation Iaws charge
conjugation (C) and parity (P),%y the weak nyclear force which is
responsible for reactlons such as the decay of atomic nuclei (the
symmetry betweep matter and antlmatter IS imperfect).
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Thi flgure shows'the measured time d|fference (At) d.|str|but|ons
. whén the tag meson detayed as a B (in blue)¥and as a B-bar.(in %
red). The blue and red distributions are slightly different. This small

d|fference is an example of CP V|oIat|on AT,

. . Ty $ - . |
According to the. Standard Model CP violation occurs in the weak
inferaction, more specifically when quarks undergo weak

interactions and turn into. quarks with different electric charge.

"'CKIVI (Cabb' L -Kobaya'shi'; : !
St Maskawa) Model .
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Specmes the mrsmatch of quantur‘n states of C|uarks'when
they take part in weak |nte'raot|ons I T E )
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Predlcts that {he asymmetry in the. B meson decay W|Il‘be . 8
'between 0. 7% and 0. 8% kI B S

The €KM. modeI cannot nt|r 1y explarnthe i ‘. .
matt'eﬁaﬁtlmatter as.ymm |

| neutral kaons decayed jnto Wl and TriJ.
This would be impossible if CP was
IN good symmetry.

The Kaon is electrically neutral and
decays half the time to three other

¥mesons called pions. UnderCP . . §i
conservation this meant that the. . *
Kaon Should not decay#to two pions.
What was found was that it does
decay to two pions, at a rate of .

about two‘in a thousand (0.2%).

(b) Indirect CP Violation
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(c) Polarized Light Analogy
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sl.” Space Particle-Counter’s Finding Could Rock Physics

§
. L
Unlike instruments on the ground, the Earth-orbiting Alpha Magnetic Spectrometer-2 investigates cosmic

L ' particles that do not survive the passage through the Earth's atmosphere, AMS-2 is the largest and most
L]

By Derek‘BlerIy Danny Mahopey,

Scientists using a space-based device for analyzing cosmic rays say that they may have seen
evidence of mysterious dark matter particles annihilating each other. Dark matter emits no
light and hasn’t been seen previously by instruments, yet it seems to exist in a vastly larger
amount than regular matter in the universe.

HOW THE AMS-2 ALPHA MAGNETIC SPECTROMETER WORKS

AMS-2 uses a large magnet to create
a magnetic field that will bend the

. [T I ' . Y £ path of cosmic particles.

a nd 1 ren tO n WO r e H W cormisenen vepaniea e

: information on the particles as they

pass through, potentially detecting
s " antimatter or dark matter in the mix.
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Dimensions: 9.8 x9.8x 98/ {(3x3x3m)

Weight: 7 tons Transition ratiiatlon

detector
Time-of-flight counter

PATHOFMATTER L BN Path of particle

WHAT AMS-2 FOUND

Positron fraction  Positron fraction
decreases while  increases while
energy INCreases cnergy increases

PATH CF AMNTIMATTER
PARTICLES

Immediately foIIowing the Big Bang, all
matter and antimatter began ann|h|Iat|ng
however for every billion particle- |
antiparticle pairs there was one extra* |
particle. These extra particles created the
unlverse as we knew it. - :

Star tracker

The first science results from AMS-2 were
unveiled April 3, 2013, AMS-2 measured the
positron fraction, or the ratio of positrons to
the combined flux of electrons and positrons.

Silicon trackers Permanent magnet

Anti-coincidence
counter

/ ’_TL Ring-imaging

Cerenkov detector
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At high energy, the
curve appears to
flatten, but more data
are required

Positro

Electromagnetic
calorimeter

- Source: CERN
Alack of anisotropy suggests that the ener-

getic positrons are not coming from a single
source in space. Together, this suggests to physi-
cists that the energetic positrons may be coming
from the annihilation of dark matter particles.

Important Experlments on .

* ‘What is' An't-lmatter’?‘
4 Matter/Antlmatter Asymmetry

Antn@tter is material composed of antl»partlcles WhICh have
he same mass.as partlcjes of ordinary matter but have

opposrte charg.e Also*the spin in relation to the magnetic field. ' Experiment Accelerator Laboratory Location
: |s reversed.
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i* TREINEN R ,*Tevat_ron~was_closed in 2011 .
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