Antimaterie

Splregelpiid aes Universums

Rolf Landua
CERN, 7.FFehruar. 2000




Inhalt

1 Antumaterie?
E = mcz
lLocher m Vakuum, 2

Wi kechen elne Antimarerie-Suppe
Antiproten Pecelerator (AD)
Wirrund aas, Ratsel der Antimaterie
Wirrbasteln el AntizAtem (ATHENA)




Paul Dirac (1929)

Kein ausgezeichnetes Bezugssystem (Rel. theorie) + Quantentheorie :
Beschreibung eines ‘einzelnen’ Elektrons unmaoglich, braucht ‘Anti-Elektron’ als Partner

1932: ‘Positron’ in kosmischer Hohenstrahlung entdeckt

~1950: Besseres Verstandnis der Feldtheorien: vollige Symmetrie Teilchen-Antiteilchen !




2. E=m c>

Vlasse = konzentrierte

Energie.=
der ‘Eure‘“des Universums




2 E=mgec= ()

UmitauschKkurs (gunstig): = (910 ms?)

a.n. 1 kg produzert 3 GV fur emn Janr, oder
1 VW Paloe fahrt — 100,000/Jahre
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3 LLocher im Vakuum

Erzeugung von Antimaterie

Electron

Electron

Dirac See Dirac See




3 LLocher im Vakuum (1)

Pizza Viedell

Electron

Valentinstag-Voeaell




31 Locher im Vakuum (111)

19868'- Kernspaltung

1945 - Atemboempe (Spaltung)

1954 - Wasserstoffbembe (Fusion)

1955 - Antiproten-Erzeugung (Berkeley)

> 1960 - Nutzung In Beschleunigern

> 19860)- Antipreten-Proeten Speicherring (CERN)




4" Antimaterie - Suppe

Antiprotons produced
at high energy

AD

Verdamplung des Vakuums: N
((F~10;000,000;000,000K) v

Hydrogen Binding Energy
Electron

I KallIsieren van Protenen mit Keren L e cooling

1 meV
Y

Liquid He (4.2 K)

Antihydrogen formed
at low energy
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4" Antimaterie-Suppe (i)




4" Antimaterie-Suppe. (1)

Koenzepl:

d)l Erzeugung berhehen Energien (3-4 GeV)
0); Sammeln der Antiprotenen, Kuhlung

c)I Ablremsung, weltererkuhlung

d). Extrakticn ven s MeVi-> Experiment

e)l Wertere Kuhlung mraderAntiprotenen-ralle




5 Antiproton Decelerator. (AD)

&

AD Cycle

5.10% p on target fi 5-107 p in AD ring
Several cooling and deceleration cycles
(3.5fi 2.0fi 0.3fi 0.1 GeV/c)
Stochastic  Electron Cooling
Fast extraction (10” p , 0.2 ns)
Dp/p ~ 1073
Cycle time ~ 1 minute




6. Wirund das Ratsel der Antimaterie

VWarum sind wir hrer?

19291 Huohle(Expansiaon)

1948 Gamov. (Big Bang)

1963! Penzias & Wilsaen (CBR)

196v: Sakhiareov.(Asymmetrisches Universum)
2000 Baryogenesis2?




6 Wir. und das Ratsel der Antimaterie (I1)

Wao Ist: die Antimaterie?

100,000,000




6/ Wir und das Ratsel der Antimaterie (1)

Wao Ist: die Antimaterie?

Matter




6/ Wir und das Ratsel der. Antimaterie (1V)

Anti-Gravitation?

Anti-Apple

Anti-Earth




7~ Wir basteln einlAnti-Atem
ATHENA (Anliliydrog pparatus)

ATHENA Collaboration *

Antiproton Capture into Penning Trap @ Antihydrogen Storage in Magnetic Bottle
Magnetic well depth ~ 0.35 K (35 meV)

° ° (PHASE 2)

_ ()
1O7p / hour

Antihydrogen Detection
——]

- Annihilation products: Si Pad Detectors
- 511 keV Gammas: Csl or BGO + Photodiodes

Positron Accumulation from Na-22 source @ 2-Photon Laser Spectroscopy: DE (1S-2S)

(PHASE 2)

1010 e* / hour
- - B=015T
- A
© (1]

Positron-Antiproton Recombination
in multi-ring trap at 4.2 K

\
. \ ;\\ .
[PV D

0 O
e 00 L] Data taking: 1999 -

Comparison H : H with precision 1012 .10

* Aarhus, Brescia, CERN, Genoa, UC London, MIT, Pavia, Penn State, Pisa, Rio de Janeiro, Rome, Stockholm, Tokyo, Zurich (14 institutes, ~ 50 physicists)




Solenoid (3 T)

7 Anti-Atem (11) o _

O -0 | -

Antiprotons

Antiprotenen Degrading

Cold electron cloud
(Cooled by Synchrotron Radiation, t=04satB=3T)

'hot" antiprotons

-

9 t =200 ns @ Electrode

Potential

Reflecting

@ t=500ns <
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Trapping

Cooling of antiprotons

9 f through Coulomb interaction
t=Tew sec with cold electrons

0
pLITY

Cooling




7. Anti-Atom (111

Positronen

Cheesecake coils ~ 200 Gauss each Main solenoid magnet ~ 1.5 kGauss

Nal - detector
N N N Small solenoid ~ 300 Gauss D | |
COId h ead [ | I Faraday Cup detector
5 . < e
[ ] I 0
Cham Csl-diode

N | L| detector
l Endpressure with gas off : 1 x 10" mbar l

Oilfree Cryopump Cryopump
turbopump
T=55K Pressure 10°mbar

8 mCi *Na radioactive source

Solid neon moderator

Inelastic

Collision
Positron (~ few eV)

Electric
Potential




7. Anti-Atom (1V)

Rekombination

At energies below ~ 1 eV:
DE/dx ~ 100 meV/cm in positron plasma ( T= 4.2 K, n = 108 cm™3)

Reflective
Cold antiprotons Cold positrons Potential

=

!

Ve+
Energy loss + Diffusion (~ msec)

Recombination

Estimate for spontaneous radiative recombination (to low-n levels):
[10° antiprotons, 10® positrons, L=10 cm, T =4 K, n, =10 Hz]

~ 20 - 200 antihydrogen atoms / second I




7. Anti-Atem (V)
Detektion der Annihrlation

Superconducting Magnet
Coil (3T)

(Scale 1:1)

Discriminate Antihydrogen Annihilation from background
of Antiproton annihilation and Positron annihilation

Good spatial resolution (<1 cm ) of vertex for
- Antiproton Annihilation ( 2 prongs)

- Positron Annihlation (2 x 511 keV g)

Time coincidence (~ 1 msec)

High rate capability




7. Anti-Atem; (V1)

[Laser-Spektroskopile

DE =10.2 eV
| =121.5nm




