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Abstract
My research focused on 

antimatter and different theories 

related to the antimatter matter 

asymmetry after the Big Bang. To 

understand this, I studied CP 

violations in Kaons and B mesons. I 

also studied the research 

collected in space by the AMS-02.

What is CP violation?

CP violation relates to the lack of antimatter 

(shares same characteristics as matter except it 

has an opposite charge) in the universe. It is 

theorized that when the universe was created, 

equal amounts of both matter and antimatter 

were created. CP is the combination of 2 

symmetries:  charge conjunction and parity. CP 

violation is when the CP symmetry is broken 

between matter and antimatter during decay.

Notice the charge and spin are opposite. So in the 

picture the CP is symmetrical.

Kaon
Kaons are a type of meson always made of 

an anti-strange and an up quark. There are 2 

types:  K-long and K-short; these decay into 

Pions. In an experiment done by Cronin and 

Fitch, Kaons were shot into a 57-foot pole and 

Pions were observed on the other end. They 

discovered 1out of every 500 Kaon decays 

showed some type of CP violation [9.].

B Meson
B Mesons are composed of 

a bottom and an anti-

strange quark. 

These Mesons can oscillate 

between matter and 

antimatter. This behavior, 

named flavor oscillation, 

was discovered in the CDF 

experiment at Fermi Lab.  

During flavor oscillation, CP 

symmetry is not always 

conserved, which is a CP 

violation [11.]. 

Introduction

Our universe is composed of matter. 

However when the universe was created 

during the Big Bang, both matter and 

antimatter were created. We have not 

detected antimatter in our observable 

universe, which is beneficial as the 

contact of matter with antimatter would 

result in annihilation--the release of high 

amounts of energy in the form of light 

(photons). Scientists must now determine 

what happened to the antimatter. 
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1. After the Big Bang, 

slightly more matter 

was created vs. 

antimatter; and after 

annihilation, only 

matter remained to 

create our universe. 

[7.]

Alpha Magnetic Spectrometer-02

The AMS-02 is a powerful cosmic ray 

detector onboard the International 

Space Station that has recorded over 

18 billion events.  It uses large magnetic 

fields to detect particles moving at 

approximately the speed of light. It is 

used to detect antimatter, anti-Helium 

Helium flux,  and dark matter rays [10.]. 

The data it collects will have great 

significance for future cosmic research.  
[6.] This is a picture of the AMS detector 

and the different types of paths the 

particles take inside the detector.

[5.] This picture shows that when the B Meson 

switches from matter to antimatter CP 

symmetry is not conserved.

2. There are distant 

galaxies beyond our 

observable universe 

made entirely of 

antimatter. [8.]

3. CP violation resulted in 

the existence of more 

matter vs. antimatter. [7.]

This is a picture of a matter antimatter 

collision (annihilation) the result is a 

release of a large amount of energy in the 

form of photons.

[3.] The picture 

to the left 

shows the 

decays of the 

two types of 

Kaons.   Notice 

only the K long 

can show 

types of CP 

violation. 

[4.] The picture 

to the left 

shows the 

Cronin and 

Fitch 

experiment.
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