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The Big Bang requires the existence

of an antimatter universe

Non-existence of antimatter in the
vicinity of our galaxy means:

Anti-Universe %30S

Strong CP violation
Or
Antimatter clustered in far away W 204

domain
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Before time = 1 microsecond (after Big Bang)

Energy s protons + antiprotons

After time = 1 microsecond

Energy = protons + antiprotons

Small excess (1/1000 000 000) of protons ?
( CP violation)

time = 1 ps : The big antimatter massacre:
1 000 000 001 protons

+1 000 000 000 antiprotons
= 1 proton + energy
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In 1932, Carl Anderson
discovers the positron
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When matter is created
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1955 4£10J1, =t 5 (P 1 3 2K T 11 “Vew
Atom Particle Found; Termed a Negative

Proton”.
- Segre' FMf[)/NAERZE H AR RYI R S R0 BI5 FR %G
emaE R, | | b E
BPRFS RALF.
Segre' and Chamberlain
were awarded the Nobel
Prize in 1959.
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* 1956, B. Cork&ERI % K BEMR R IMR
HF-, 1965, 245} %5 (CERN, A.

Zichichi; USA-BNL, L. Lederman)
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Neutron Anti-Neutron
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Searching for distant anti-galaxy:
Finding antinuclei in the cosmic rays

To identify He, we need to He He
know:
* Momentum, p
 Charge, |Q|
« Sign of charge, sign(Q)

Basically Magnet + Tracker is
what we need.
« Track curvature — Q/P
« dE/dx -- |Q|

The detector has to operate
outside of earth

atmosphere.

The Alpha Magnetic Spectrometer detector(AMS)
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The Space Shuttle Discovery on the Launch Pad before liftoff for the ST5-81 mission
MNasa, Kennedy Space Center, June 1938

AMS 02

Zenith Raciator TRD
\

Star Tracker TOF(s1,s2)

Wake Side

Radiators \\:/

UpperWake
Crates |

Ram Side

© T Raditos
>/ Debris Shields
O

Vacuum Case —

Lower Wake ™
Crates

TOF(s3,54)

Shert Crate Rack

R.Becker 09/05/03 Integr

AMS Z...
MIT

FaGsAMSpoer

EXEFEMF “HwH” SRR TF20114
47290 R AT RIEE S H, -y
BARZERE” . ELH6900 AT, BHLA
2012355t




2014/12/10

e 3 I RA-ANLRoKT, RIS AILFTREHFEN 2]
&?& A IR ERRYBUR T, WRTTRERRBK &

bt 5] Y BT RE R BN IR R R R T 4%, BT —

X EAE S H R LI = AR E R T ANEENRBERYE R TS ERNTRERR -4
#EHl (RHIC) FBEKXKRI: HEBERSINN WEASZ—, TABERINESSAR IR TR
RHIC-STARE 54 1EH IR B R A% B X Y Bk 3.

F—RE4%. BT29HHIRWER (AR
(Nature) ZE TR M4H25HBRELERR
TR i E RS AT S AT R
BRI ZER R T RBNEH.

25 3
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The Relativistic Heavy Ion Collider(RHIC) at the STAR*%"’F@
Brookhaven National Laboratory (BNL) took first
collision data in June-September, 2000. The collider STAREEA HIK B 12N ER S4B R A . H
has two intersecting rings with counter HSTARF EA1EA R R B IEFER S AKRE. bFER
propagating beams. Below you see some initial RS AR ST T W A2 R T e Y F R R 5 BT
images from head-on collisions of gold nuclei with N 8 AR N A
a total energy of 26 TeV (65 GeV/nucleon in each KT, BT F. WRKEE.
beam).

STAR Detector
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. TOF “alone”

up

BylE TPC alone
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P (GeVic)
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TPC alone PID range:
pi’k~0.6 GeV/c, "o (1300006,180009 |

(pi,k)/p~1.5GeV/c;

TOF “alone” PID range: 4
pi’k ~1.6GeV/c, B

(pi,k)/p~3.0GeV/c
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Test Quantum Electrodynamics

Fundamental |
Science Ps Bose-Einstein Condensation |

®Fundamental science | ®Material science | ®Industrial application

Gravitation of Ps

Anti-matter Energy

Extra-dimension ‘

Induu;trial cT

A successful application is
Anti-matter knowledge explanation Medical PET

Microstructure
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lifetimes of 1500 seconds, S
of ~107 cm*. The efficency of the trap Is approximately 25%.
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Multicell Positron Trap Electrods $E-Bﬁﬂ'
" |}

master cell
2 banks of 19 storage cells

1 N~10%2
Clifford Surko, a professor of physics
at UC San Diego who is constructing

what he hopes will be the world's
largest antimatter container,
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