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NUCLEAR MAGNETIC RESONANCE
Magnets made redundant

MAGNETIC RECONNECTION
Flux ropes guide turbulent evolution
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~{y( ALPHA: Antihydrogen Laser PHysics Apparatus

Synthesize, trap and probe antihydrogen
Test the foundations of physics through precision measurements of its

characteristics.
Precision measurements to test CPT

15-2S spectroscopy
Hyperfine spectroscopy
Charge neutrality
Gravitational force (test the Einstein Equivalence Principle)
The ALPHA Collaboration:
- Founded in 2005; 40-50 members from 14-15 institutions in 8 countries
- Experiment at the Antiproton Decelerator (AD) Facility at CERN
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ALPHA Apparatus
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AL Microwave

relative energy in frequency units [GHz]
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Spectroscopy

trappable 'low-field seeking' states
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ALPHA Nature 483, 439 (2012)

Charge Neutrality
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ALPHA Nature Comm. 5, 3955 (2015)
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~&Y  New ALPHA-II Apparatus
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Anﬁhydrogen yfg‘g — 1.49 (10) GHZ ALPHA Nature 483, 439 (2102)

Hydrogen

V5 =1.420405751768 (1) GHz

Hyperfine measurements on antihydrogen constrain standard model extension (SME)
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Matter ‘qp T4,

ALPHA Nat. Comm. 5, 3955 (2014)
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AL
“ One perspective on future measurements
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&0 ALPHA Antihydrogen Progress

; e N Physical Review Letters 2006
3LJ. L Ant]m atter Be am/ Physical Review Letters 2007
og Physical Review Letters 2008
: : plasma phySlCS . Physical Review Letters 2010

Cooling, manipulating Physical Review Letters 2011
Physical Review Letters 2011

Nature 2010

Trapped Antlhydrogen Physics Letters B 2010
> 1000 s Nature Physics 2011
New Journal of Physics 2012
. 5 Develop Antimatter  New Journal of Physics 2014
PRV . . Reviews of Sci. Instrum. 2013
Applications
Field measurements, gas detection
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Antihvdrogen Atoms Annihilate

Run 8119, Event 1923, Trigger 1926 |

Top

ALPHA Vertex Imaging Detector
Detector is over 50% efficient, and locates annihilations to better than 10mm.






