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דמות המראה שלאטום המימן-אנטי מימן
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STAR TREK ENTERPRISE
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FACT

Until recently antimatter has been created in very small 

amounts. But CERN has now broken ground on its new 

Antiproton Decelerator- an advanced antimatter 

production facility that promises to create antimatter in 

much larger quantities.

Dan Brown , Angels and Demons (2000)
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Antiproton Decelerator
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Dirac Equation (1928)

commemorative plaque for 

Paul Dirac, close to the 

one of Isaac Newton, 

Westminster Abbey, 

London
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DIRAC 1931

“…it will be beyond the power of human intelligence to

get the  necessary new ideas by direct attempts to formulate the 

experimental  data in mathematical terms…  The theoretical 

worker. . have to proceed to  employ the  resources of pure 

mathematics in attempt to perfect and  generalise mathematical

formalisms.. And try to interpret the new  mathematical features

in terms of physical entities.
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Discovery of the positron (1932)
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PET scan 



Antihydrogen Trapping and Resonant Interactions, 7.10.15    CERN  אלי שריד ביקור תלמידים תל אביב-

Antiproton discovered- 1955
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עד כמה מושלמת הסימטריה 
?אנטי חומר-חומר
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?של הסימטריה" שבירה"האם יש 
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The dream - Antihydrogen Spectroscopy

1s-2s two-photon spectroscopy

• Doppler effect cancels

• High precision in matter sector

• test of CPT theorem

f(1S-2S) = 2 466 061 102 474 851(34) Hz  - Hänsch group
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?לא אנטיחומר( כמעט)למה ביקום יש חומר ו

אם בהתחלה היו

חלקיקי חומר1000000001על כל  

-חלקיקי אנטיחומר1000000000רק      

כולנו חומר-התוצאה מה שאנחנו רואים היום
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 Duoplasmatron= Source 
 90 keV (kinetic energy)

 LINAC2= Linear 
accelerator  50 MeV

 PSBooster= Proton 
Synchrotron Booster

 1.4 GeV

 PS= Proton Synchrotron 
 25 GeV

 SPS= Super Proton 
Synchrotron  450 GeV

 LHC= Large Hadron 
Collider  7 TeV

We are not LHC )No Higgs in this talk…(
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ALPHA EXPERIMENT
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Questions ALPHA asks about antimatter

11. Are the atomic levels of antihydrogen exactly like

those of normal hydrogen (CPT theorem)?

2. Is the antihydrogen atoms perfectly neutral?

(equality of the size of the opposite electrical charges 

of positron and antiproton)

3. Does antimatter behave gravitationally exactly like

those of normal matter?

And what we all ask:  how come we are here

(small inequality of big bang matter and antimatter)
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Antihydrogen Production

Na-22

e+ Production (MeV)

Moderation

Accumulation (eV)

Cooling ( ~ meV)

108 e+

AD
p- Production (GeV)

Deceleration (MeV)

Trapping (keV)

Cooling (~ meV)

104 p-

Hbar Formation mechanism:

• Radiative recombination

– Binding E. deep; Formation rates low, ~T-0.6

• Three-body recombination 

– Binding E. shallow; Formation rate high, ~T-4.5
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ATHENA- 2002

Positron Accumulator

Antihydrogen

Detector

0 1 m

0 10 cm

Na-22

Source

Detector
Antiproton

Capture Trap Mixing Trap

CsI crystals

Si strip

detectors

Cryostat

Antiproton Accumulation &

Mixing with positrons

e+
3 T superconducting solenoid
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Antihydrogen Trapping

Na-22

e+ Production (MeV)

Moderation

Accumulation (eV)

Cooling ( ~ meV)

108 e+

AD
p- Production (GeV)

Deceleration (MeV)

Trapping (keV)

Cooling (~ meV)

104 p-

Superimpose Magnetic Trap

U=-µB

0.7 K/T per Bohr magneton
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Magnetic Trap
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Forty-two physicists from 15 institutions around the world 

contributed to the research, including 13 from Canada. Other 

participating countries were Brazil, Denmark, Israel, Japan, 

Sweden, the U.K., and the United States.  (CBC, Canada, 17.11.10)
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Cosmic rays vs. antiprotons
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Nature 38 events

38 annihilations in 335 attempts, only 1 in 246 with heated positrons

Total background 1.4±1.4 events, including cosmic of 0.46±0.01 events

Trapped antihydrogen for at least 172 ms.
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Nature 38 events vs. simulation
(with the effect of bias electric fields)

Bias fields prove that the annihilations are not mirror trapped pbars
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ANTIHYDROGEN CONFINEMENT FOR 1000S
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Talk in anti-matter language (2011)
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Breit-Rabi level diagram



Antihydrogen Trapping and Resonant Interactions, 7.10.15    CERN  אלי שריד ביקור תלמידים תל אביב-

Microwave on-resonance , off-resonance excitatios
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Microwave experiments

‘Disappearance Mode’ measurements in 2011:

Microwave on-resonance: Attempts: 103

Microwave off-resonance: Attempts: 110

No microwaves: Attempts: 100

Appearance Mode:

Using the same runs, can also look for hbar 

annihilations above

background in on-resonance case.
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Microwave Appearance mode data

Nature, volume 483, p.439 (22 March 2012)  
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Nature, volume 483, p.439 (22 March 2012)  

Microwave Disppearance mode
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ALPHA 2- the Next Generation
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ALPHA 2- the Next Generation
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ALPHA 2  antiproton catching trap
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http://www.carlsbergfondet.dk
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