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Proton
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Pozitron
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p —n atommag
Antihidrogén

Antihélium

1815 W. Prout (Prout hipotézis: protyle ma proton)
1897 J. J. Thomson

1909 E. Rutherford (1908 Nobel-dij a radioaktivitasért)
1917-19 W. Rutherford (Pro(u)t-on név 1920)

1912 W. Hess (1936 Nobel-dij)

1930 P. Dirac PhD dolgozat (1933 Nobel-dij)

1932 C. D. Anderson (1936 Nobel-dij)

1933 J. Chadwick

1955 E. G. Segre, O. Chamberlain (1959 Nobel-dij)
1933 W. Heisenberg

1995 PS210 experiment CERN Walter Oelert and
Mario Macri

2011 STAR RHIC




Ernest Rutherford of Nelson

Ernest Rutherford (1871-1937). Nobel Prize for Chemistry in 1908.
Knighted in 1914, Order of Merit in 1924, Baron in 1931.
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Kozmikus sugarzas




Ballonos kisérletek
1911-1912
a sugarzas a
vilaglirbdl (1s) jon

1 km-1g csokken,
5 km magasan

kétszerese a
foldkozelinek

Nobel-dij 1936
—
High Energy Physics
(HEP, Reészecskefizika)




Innsbruck



Argonnal toltott henger
1500 kg 6lom arnye¢kolas

A kozmikus sugarzas hatasara toltott
részecske keletkezett
Mérés elektrométerrel, automatikus
fenyképezes

Born in 1883 in Styria, Austria - died in 1964 in New York, USA

AS a young lecturer and research worker at the Institute oi Physics in Vienna, Victor
Franz Hess developed an interest in those subjects that were to become his central
field of research for the rest of his life, namely radioactivity and atmospheric
electricity. Following years of research in Vienna and the USA, he was awarded the
chair of experimental physics in Graz before being made a full professor at the
University cf Innsbruck in 1930 at the age of 47. He explained his reasens far the
move to innsbruck as follows: ,, The cablecars there make Innsbruck the perfect place

for my research into cosmic rays.“




Pozitron, antineutrino




1930

Doktor1 dolgozataban
"Minden részecske toltését
megfordithatjuk, igy is egy lehetséges vilagot
kaphatunk."

Dirac egyenlethez Vezet a relativisztikus energiaképlet:

E* = (mc”)’ +(pC)
Hogyan keriilheto el a
gyokvonas? -> Dirac matrixok.
Dlrac egyenlet Ket megoldas az egy1k az elektron,
< B— de mi a masik?
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Carl David Anderson




Anyag ¢€s antianyag a gyenge kolcsonhatasban
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Bruno Pontecorvo:
klor-argon modszer

i’; CL,, + \/e—ﬁ;Ar19 +e”
A keletkez06 argon radioaktiv, bétabomlo,
felezesi 1deje:
T =35nap

A klor pl. széntetrakloridban:
ClL,C




- Neutrino detektalas: kisérlet:

& Brookhaven, Savannah River 1955
| atomreaktorokban
~ o wm= .. 4000 liter szén-tetraklorid

Negativ eredmény

Ok: a reaktorbol antineutrinok 1épnek ki

Neutrind — antineutrind nem ugyanaz a részecske




Flux of
antineutrons
from nuclear
power plant

Reines-Cowan kiseérlet
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Két fotonnal

Parkeltés Annihilacio

Egy foton nem elég! Miért?

Magas homerseklet, pl. a Big-Bang utdn, vagy gyorsito, pl. LEP.




Parkeltés — annihilacio 11.

nvisibde gamma ray photons
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A more energelic
clectron-possiron pas

ho = 0.511 MeV

ho = 0.511 MeV

ho (>1.02 MeV)

nucleus

e

(after Alpen, E. L. Radiation Biophysics, 2 ed. San Diego, CA: Academic Press, 1990. Fig. 4.7)



Antiproton €s tovabb




1955: antlproton BeVatron (1BeV=1GeV)
g < Owen Chamberlain,
Emilio Segre

Nobel-dij 1959

valamint )
Clyde Wiegand és Tom Ypsilantis .

1957: antineutron
Oreste Piccione?
es Bruce Cork




Consider a collision with a center-of-mass energy of 91.2 GeV,
at this energy a Z boson will be created (most of the time), the Z

will decay to a quark-antiquark pair (most of the time). This is
illustrated in the Feynman diagram below:

hadron "jet"

hadron "jet"




The ALEPH Detector

The ALEPH Detector
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ECH=91.22 Pch=88.0 EE1=23.6 BEwi=8T.6 Eha=0 AS208T00 Bien=26504 Ewt=258
Wch=2 EV1=1.00 EVI=.036 EV3=.009 ThT=1.19 94-06-11 23:00 Detb=—




Hol tartsuk az
antianyagot?

Experimental are,

LINAC

Az Antiproton-lassito és el6gyorsitai

West Area

oy

electrons
positrons
protons
antiprotons
Ph ions

DELPHI

East Area




Antihidrogén 1995-t0l

Octupole

Confinement of antihydrogen for 1000 seconds|

Annihilation
detector
G.B. Andresen’, M.D. Ashkezari’, M. Baquero-Ruiz’, W. Bertsche®, E. Butler®, C.L. Cesar®, A. Deller”, S.

Eriksson®, J. Fajans™, T. Friesen’, M.C. Fujiwara®’, D.R. Gill®, A. Gutierrez’, J.S. Hangst', W.N. Hardy®, R.S.
Hayano™, M.E. Hayden?, A.J. Humphries®, R. Hydomako’, S. Jonsell™, S. Kemp**, L. Kurchaninov®, N.
Madsen®, S. Menaryu, P. Nolan®, K. Olchanski®, A. OIinS&, P. Pusa’, C.@. Rasmussen®, F. Robicheaux™, E.
Sarid®, D.M. Silveira™, C. S0, J.W. StoreysS, R.I. Thompson7, D.P.van der Werf*, 1.5. Wurtele™ Y.

Yamazaki'®".

Mirror coils
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Why is antimatter researched?

Does it have a utility in our daily lives?
Could it be used as fuel?

Could it be used to make bombs?

The production of antimatter is a costly process, both in terms of time and money. The production of a nanogram (a
billionth of a gram) of antihydrogen costs a few hundred million euros. Considering these difficulties, why is antimatter
worth researching?

The main reason is its scientific interest: research on antimatter allows us to learn more about our universe. The
ALPHA collaboration, for example, wants to study if matter and antimatter are exactly symmetrical. The laws of physics
offer certain predictions in this respect, but experimentation could prove them wrong. It is through this process of
observation, prediction and testing that science advances.

The study of antimatter is also appealing for other reasons. The annihilation of matter and antimatter is a process
that generates surprising amounts of energy, very superior to what can be obtained through chemical or nuclear
processes (both of fusion and fission). Only half a gramof antimatter in contact with half a gram of matter would liberate
the energy of a 20 kiloton nuclear bomb, that is, the energy of a nuclear bomb like Hiroshima.

PROCESS LIBERATED ENERGY EQUIVALENCIES
Combustion of 1 Kgoil [4,2x10"J = -
42,000.000 J
Nuclear fusion of 1 Kg|2,6x10™J = 55 million Kg of oil

hydrogen
2.600,000.000,000.000 J
Annihilaton of 1 Kg|1,8x10"J= 3.800 million Kg of oil
antihydrogen with 1 Kg
hydrogen 180.000,000.000,000.000 J




1970: *He
Institute for High Energy Physics by Y. Prockoshkin's group (
Protvino near Moscow, USSR)

2011: “He
STAR detector (for Solenoidal Tracker at RHIC)




1ert nincs (sok) antianyag?




Coulomb torvény €s Newton torveny

egy matematikai lehetdseg
(Kiss Miklos 2004)

F:kQ1.Q2 F:fml'm2
2 2
I r
O elojeles, tisztan valos, m elOjeles, tisztan keépzetes,
igy azonos elojel — taszitas, igy azonos elojel: — vonzas,
ellentétes elojel — vonzas ellentétes elojel: —taszitas

A Coulomb kolcsonhatas erdsebb és a vonzas miatt keveredés, rovidtava
dominancia, de tavolrol nem latszik, a gravitacio gyenge, de szetvalaszto
hatas, messzirdl latszik nagy tomegeknél.

Anyag €s antianyag galaxis klaszterek?




Alapszabaly:
A mérhetd mennyisegeknek valosnak kell lennie.
Mit mérink, hogyan meértink?
.2

1-m -1-m,=1"-m; -m, =—m, -m,

ami valos!




Antianyag, antigravitacio?




Erdekességek



Tunguz meteor:
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Fig. 1 Lake Cheko bathymetric map and location of sediment-core TG-22 collected

during the Tunguska99 expedition.




Cseljabinszk



How thunderstorms

1_ Electric fields near the top of the storm

create an upward-moving avalanche of
electrons. When their paths are de-
flected by molecules in the air, these
electrons emit 20100 vays, the highest-
energy form of light.

These images are based on a TGF
simulation by Joseph Dwyer at the
Florida Institute of Technology. This
frame tracks the gamma rays and particles
from a 0.2-millisecond-old TGF that
began at an altitude of 9.3 miles (15 km).

launch particle beams into space

When gamma-ray energy collides
with electrons, they accelerate to near
the speed of light. Some gamma rays
pass near the nuclei of atoms. When
this happens, the gamma ray
transforms into an electron and its
antiparticle, a positron.

These high-energy electrons and
positrons escape into space by
spiraling along Earth’s magnetic field.
In this frame, the TGF is 1.4
milliseconds old.

3. Here the TGF is 1.98 milliseconds

old, and its electron/positron beam
is reaching altitudes where it may
intercept spacecraft, such as
NASA’s Fermi Gamma-ray Space
Telescope.

Fermi’'s Gamma-ray Burst Monitor
detected a signal charateristic of
positron annihilation. When a
positron collided with an electron
on the spacecraft, the two particles
transformed into gamma rays.

Credit: NASA/Goddard Space Flight Center/]. Dwyer, Florida Inst. of Technology




1 gramm energiaja 90 TJ
90 TI =9-10"J
21,4kt TNT

Fele kell csak, mert anyag + antianyag
Ez a hirosimal atombomba hatasa

25 milliard $/gramm
(https://en.wikipedia.org/wiki/Antimatter#Cost)




1 gramm antianyag (antihidrogén) eldallitasa

FERMILAB:
2007: 10" db

Hat milliard €év ebben a tempoban!

CERN

10" db




K0szonom a figyelmet!




A Standard Modell

3r'd _ electro-weak
generation symmatry breaking outside of
force particles (mass giving)  standard model

/
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color charge (r,g or b)
mass (aV)

spin

(opew-pue g+
syJenb g

(afueys Jojoa) asso) Jeapnu Buous

F
0.511M ‘ [ 105.7M

(aBueys) snsubBewaisap

(sageu-fue g +)
suojdaj 9

2040} JEDONU HEAM
2210} jeuoijepaeB

12 fermions {+12 anti-matter) 5 bosons l_+1ll;.:nmlﬂl charged W)
INEASASING MASS m—



