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Two apparatus “regions” (only 1 can work at a time)
ALPHA-2 for spectroscopy - ALPHA-g for grativy

LEA_ALPHA / 2025 & 2026
In 2025 & 2026 the focus will be both on ALPHA-2 (for spectroscopy) and ALPHA-g (gravity)



LEA_ALPHA – 2025 data taking activities and objectives

Over the last century, the general theory of relativity has passed a number of stringent 
experimental tests [1]. Among its core tenets, still experimentally unchallenged, is the 
Einstein equivalence principle (EEP). The EEP, in its modern form [2], consists of three 
parts: the universality of free fall, also known as the weak equivalence principle (WEP), 
local Lorentz invariance (LLI) and local position invariance (LPI). The WEP implies that all 
objects fall at the same rate, regardless of their internal composition or structure

[1] Will, C.M. The confrontation between general 
relativity and experiment. Living Rev. Relativ. 2014, 
17, 1–117.

[2] Dicke, R.H. Experimental relativity. Relativ. 
Groups Topol. Relativ. Topol. 1964, 165–313

ag = [0.75  ± 0.13 (statistical + systematic)
                ± 0.16 (simulation)] g



2025/2026 activities 

1) Antihydrogen spectroscopy 
      [now ~ 10000 trapped “cold (<0.5 K)” anti-hydrogen every night] + laser cooling ~ 15 mK

o) 1S-2S at the beginning and at the end of  the data taking [under way]
o) Improve 2023/24 limits (1S-2S, 2S-2P, GSHFS)
o) excited state spectroscopy: other spectral lines (e.g.   2S-3S;  2S-4P) [lower priority]

2) Gravity with antihydrogen – better “precision” measurement 
o) Laser cooling in ALPHA-g
o) Be+ system in ALPHA-g
o) Commissioning of  the other ALPHA-g traps
o) Gravity measurement (few %)

LEA_ALPHA – 2025 data taking activities and objectives



Le attività in cui saremo coinvolti sono le seguenti:

Software
- Simulazioni MC (per ALPHA-g e ALPHA-2)
- Analisi dei dati per la misura del Ground State Hyperfine Splitting
- Analisi dei dati della misura di accelerazione di gravità
- Service work di mantenimento e sviluppo del software «online» e «offline» dell’esperimento

Hardware
- Acquisto e installazione di «sonde di Hall» per ALPHA-g per ridurre l’incertezza sulla misura di g [S.J.]
- Contributo per la costruzione e l’installazione di una sorgente di protoni (per confronti diretti idrogeno-

antidrogeno nella stessa «trappola» - diminuzione di sistematici) – Richiesta di finanziamento da spalmare
su più anni (dovrebbe essere pronta per il Run4) [2027/2028]

Funzionamento generale dell’esperimento
- Partecipazione ai turni di presa dati (senior >4 settimane, junior almeno 10 settimane)

LEA_ALPHA – Attività 2025/2026 INFN



Percentuali e richieste finanziarie 2026
Partecipazione ad LEA_ALPHA con 3 (4) persone:
INFN PV [Germano Bonomi 30%, Adriano Del Vincio 100%]
INFN PI [Simone Stracka 50%]
INFN FI [Guglielmo Tino 20%]

Richieste finanziarie
Common Fund (2 x 8 kCHF) = 17 k€ 
Missioni (3.5 mesi uomo CERN (turni) + 0.5 mesi uomo

+ missioni Italia) = 25 k€
Consumo: = 1 k€
Servizi (affitto auto CERN, affitto moduli CERN pool) = 2 k€
Per il 2026 si prevedono richieste per l’hardware
Acquisto «sonde di Hall» per diminuzione incertezza su B = ~15 k€ (sub judice)

Se ci fosse la possibilità,
la collaborazione sarebbe
disponibile a ricevere già
nel 2025 il contributo del
Common Fund 2026
(che quindi non verrebbe
pagato l’anno prossimo).

Milestone: 2025 
- Improved GS-HFS measurement  [80 % => 100 %]
- Improved 1S-2S measurement      [40 % => 100 %]
Milestone: 2026
- Estensione improvement produzione anti-idrogeno in ALPHA-g



GS-HFS



LEA_ALPHA scintillator based positron and proton beam diagnostic system

This system was funded by INFN in 2023 and 2024. It evolved into an integrated system of  fast scintillators (called 
Burritos) for measuring the e+ and pbar bunch length. Each detector is made by a plastic scintillator material that is 
coupled to SiPM, and read-out by red pitaya boards.

We are now responsible for the outer detectors diagnostic 
system (including previously installed scintillators with PMTs)

i “burritos”



Proton source and beamline



Hall probes – Physics motivations



Hall probes – Quotes

Tests are underway at CERN with a similar 
Hall probe (vaccum, cryogenics, mechnanics). 
If  positive output (as expected) they should be bought in 2026 and installed in 2026/2027 Sub judice


