
Effect of gravity on antimatter

Narei Lorenzo Martinez - AnimaScience - Nov 17th 2023

Results from ALPHA experiment @ CERN

1



Introduction
• Big-bang prediction: same amount of matter/antimatter created 


• However, we exist :-) 


• our existence due to a small asymmetry in matter/antimatter interactions


• A ratio ~ 19 photon/baryon in universe (matter/antimatter annihilation)


• give scale of asymmetry -> larger than asymmetries found in b-sector physics  


• CPT violation ? Violation of Weak Equivalence Principle ?
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Introduction 
• 1915: weak equivalence principle (WEP, Einstein) : all masses react identically to 

gravity, independent of their internal structure


• antimatter falling like matter ? or antigravity ? 


• note: antimatter predicted in 1928 by Dirac, and positron discovered in 1932

? orWEP Antigravity
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Introduction
• CPT symmetry (charge-parity-time): antimatter- antimatter interaction should be the 

same as matter-matter interaction

? orWEP ? orCPTAntigravity CPT

violation
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Testing WEP
• Testing on antimatter is challenging 


• very difficult to produce massive antimatter objects ! 


• gravitation effet on a single anti-atom equivalent to 10-7 V.m-1


• have to control magnetic field at level of 10-10 T !


• Simplest (and most massive) anti-object we can produce is anti-hydrogen atom
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Antimatter factory at CERN
• Use protons produced from Proton-

Synchrotron 


• AD: Antiproton Decelerator 


• Elena (2020): Extra Low ENergy Antiproton
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ALPHA experiment

• ALPHA: Antihydrogen Laser Physics 
Apparatus


• ALPHA = 18 institutions, 60 members 


• Setup in 2005


• First experiment being able to trap 
anti-hydrogen for a « long » period 
(16 minutes) in 2011
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A bit of story of anti-hydrogen
(all results from ALPHA !)

• 2011: antihydrogen trapped for 16 minutes : link (Nature) 


• 2012: first measurement of fine anti-hydrogen spectrum : link (Nature) 


• same as hydrogen one, within uncertainties !


• 2021: first time anti-hydrogen are cooled down using laser: link (Nature) 


• 2023: first gravity experiment on anti-hydrogen: link (Nature) 
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https://www.nature.com/articles/nphys2025
https://www.nature.com/articles/nature10942
https://www.nature.com/articles/s41586-021-03289-6
https://www.nature.com/articles/s41586-023-06527-1


• Anti-protons:


• AD produce a beam with antiprotons from iridium 
target and decelerate them


• ELENA cool down even further -> antiprotons go 
down to 100 keV


• 5.106 protons/minute


• Positrons from Na22 source 

protons

from PS

anti-protons

(slow-downed)

Iridium target

e+

every 75 min 

How anti-hydrogen is produced 
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How anti-hydrogen is produced 
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ALPHA-g experiment
• Build in 2018


• Trapped atoms have kinetic 
energy of 0.5 Kelvin
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Measurement of gravity of anti-hydrogen

• Gravity is expected to be manifested 
as a difference in the number of 
annihilation events from anti-atoms 
escaping via the top or the bottom 
of the trap


• About 100 atoms trapped in ~4h
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• Anti-atoms escape either on 
top of the trap (solenoid 
mirror coil G) or bottom 
(solenoid mirror coil mirror 
A) and then annihilate on 
walls of the apparatus


• Annihilations and positions 
reconstructed using ALPHA-
g radial time projection 
chamber (rTPC) detector
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Effect of magnetic field

• Very difficult to control perfectly magnetic 
field in every place at each instant


• Vertical gradients in magnetic field 
magnitude can mimic effect of gravity


• g = 9.81 m.s-12 equivalent to a vertical 
magnetic field gradient of 1.77 × 10-3 

T.m-1 acting on hydrogen atom in ground 
state


• A calibration of effect is made with several 
g values 
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Results

• probability for an anti-
hydrogen atom to 
escape downwards 


•
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Measurement of g

Future

Measure magnitude of g as precisely as possible 
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