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Antimatter gravity
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Antimatter gravity

Previous measurement with antihydrogen in horizontal trap of ALPHA-1 (2013)

Fantihydrogen = F ∙ mg 
U(y) = μantihydrogen B(y) + F ∙ mgy

−65 <  F  < 110

NATURE COMM 4:1785  DOI: 10.1038/ncomms2787
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CERN’s Antimatter factory
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ALPHA experiment
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Penning-Malmberg trap

   
Catching trap:
- catch and prepare 200k antiprotons
- cool from 100keV to 5keV and down to ~0.1 eV or 2000K

ALPHA experiment
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ALPHA experiment

Beamline
diagnostics (MCP + phosphor screen, SiPM)
electron sources
laser and microwave injection
… 
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ALPHA experiment

 Positron source

  
 - accumulate and transfer 20M e+ per 100s

Antihydrogen creation in Penning-Malmberg trap
 1-3s mixing of plasmas
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ALPHA-g
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Radial Time Projection Chamber (rTPC)
- Ar+CO2 70:30
- 256 anode wires and 18k readout pads
- self triggering on wire signal
- 2cm z resolution
 
 

ALPHA-g detectors



11Ina Carli (TRIUMF)

Barrel Veto
- 3m long, 64 scintillator bars with SiPM readout + TDC
- suppression of cosmics with ToF, aiming at ~200ps resolution

Reconstruction
- MVA selection with track/vertex/event variables

ALPHA-g detectors
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ALPHA-g neutral trap

25.6cm

Octupole+mirrors 
- trap only H with Ek < ~500mK
  (velocity of ~70m/s) 
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ALPHA-g up/down measurement principle

25.6cm

- with same mirror current: 80% annihilations down, 20% up
- apply magnetic field bias to balance out gravity

- requires sub-mA control of current difference during 20s rampdown 
(on 70A current) 
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ALPHA-g magnetic field measurements

Electron cyclotron resonance (ECR)
- load electrons, illuminate with microwaves
- on axis only 
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- create and accumulate antihydrogen (~50 stacks, 4h, 100 H)
- ramp down long octupole
- measure magnetic field at mirror A+G position (with bias)
- ramp down mirrors while maintaining bias and detecting annihilations
- measure magnetic bias again
      … repeat for different bias

±10g data

2022 gravity experiment

Nature 621 (2023) 7980, 716-722
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2022 gravity experiment

- create and accumulate antihydrogen (~50 stacks, 4h, 100 H)
- ramp down long octupole
- measure magnetic field at mirror A+G position (with bias)
- ramp down mirrors while maintaining bias and detecting annihilations
- measure magnetic bias again
      … repeat for different bias

      0g data, 1 run

Nature 621 (2023) 7980, 716-722
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Raw data with time cut t = [10,20]s
- before background subtraction and efficiency correction
- normalized with long octupole counts

Raw data
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Time structure of annihilations

Magnetic bias extraction
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Simulating full magnetic field: geometry + persistent currents (up to ~10G on axis)

  

0g data
weighted mean

= bias

Magnetic bias extraction
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Results

Compute probability of downward escape Pdn

Repulsive gravity probability < 10-15  → excluded
No gravity probability 2.9x10-4 
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Results

Calculating antihydrogen g: simulations for different g, interpolate and find best fit to data
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Uncertainties

Bias determination 
 

 

ag measurement uncertainties
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Future improvements

Road to 1% measurement: 
- colder antihydrogen (Doppler laser cooling, adiabatic expansion)
- use precision region

 

130s release data simulation
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Road to 1% measurement:
- improve reconstruction symmetry, efficiencies, … 
- background suppression (ToF, ML)

- improve current control
- new techniques to measure magnetic fields

- magnetron motion of e- plasma
- off axis measurements
- Be+ magnetometry

 

Future improvements
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Summary

First observation of antihydrogen free fall published by ALPHA
Best fit gives 
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Backup

ECR
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Backup

Magnet current control
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Backup

Increase H production: 
- Be+ laser cooled, sympathetic cooling of positrons
- decrease H losses in interactions with plasma 

ALPHA preliminary
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Backup

Doppler laser cooling
- demonstrated in Alpha-2

Nature 592 (2021) 7852, 35-52



30Ina Carli (TRIUMF)

Spectroscopy with Alpha-2


