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Antimatiere aux basses energies

Pour les 10 prochaines années au DPhP :
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H au MK ‘

Mesure a 1 % de §
... et au-dela

» Source intense de positronium

H naturellement produit a l'état 25



Antimatiere aux basses energies

Upgrade : quantum gravitational states

- Exprimental possibilities
Ultra — low energy H » look for quantum effects

: . : _ Velocity selector
Reflection upon surfaces : Casimir-Polder potential barrier

_ _ Collimator with decreasing height
For 1 m/s and 10 cm free fall height, non negligeable !

Spectrocopy
Problem ? No, can be used for measurements
- ahlaaale ,
———
Quantum gravitational states
Interferometry

Gravitational potential + Casimir-Polder : .
Hbar in potential well H Hﬁ(t) ,,,,,,,
Spectrum of discrete heights . 2

0.0003

00002

15t excited state at 14 pym o —
lifetime : ~ 0.1s

Precision : 10* for 1000 events
Already observed for ultra-cold neutrons

A.Yu. Voronin et al., Int. J. Mod. Phys. Conf. Ser. 30, 1460266 (2014)
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Antihydrogen beam

p + Ps(np, lp) — H(nplp) + e  mPp  Antihydrogen beam for free !

Lamb shift & p charge radius

Av o = 1057.845(9) MHz Lundeen & Pipkin (1980)

: : : |
Charge proton radius m correction to Lamb shift AE = Eoﬁ‘-m;?-r

2
p

Current effort to improve Lamb shift measurement in H i 1% on M

With GBAR starting kit: ~10 I:I(ZS) expected / ELENA pulse

e S

MW transition 2S” — 2P” + quenching & Lyman-a detection
~ 100 event/ day on resonance

p charge radius at 10 %

» Lamb shift in H at 10

P. Crivelli et al., Phys. Rev. D 94, 052008 (2016
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Pour les 10 prochaines années au DPhP :

H au MK ‘

Mesure a 1 % de §
... et au-dela

» Source intense de positronium

Spectroscopie 1S-2S...
... mais aussi
etats quantiques gravitationnels

H naturellement produit a l'état 25

Mesure du Lamb shift et rayon de l'antiproton
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Etats quantiques gravitationnels du positronium

Mesure & 3% de g
en 3 mois

i Pulsed e* Beam
Meilleure source de Ps sur GBAR (50ym,°1_25xmse+,p1usat50HZ) BGO ECAL

Colhmator Thermally (4 K) and e-m shielded region | — s E-field

s
N

AN .
7

Absorber plate 50 cm

Si0, I ﬁ 5 BGO
target, ps ~ O,'574 mm ECAL
30% Ps I variable 5

Pulsed laser beams ' -
@ 243nm and 730 nm Mirror plate MCPs

A noter: Microwave radiation

le muonium peut étre efficacement . , BGO ECAL
. ] ) ark decelerator
proauit comme le positronium

avec de la silice nanoporeuse

P. Crivelli et al, Advances in High Energy Physics 2015, 173572 (2014
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Conclusion

La physique de I'antimatiére a basse eénergie est en plein essor

En particulier, possibilité d"une mesure directe de | effet de la gravitation terrestre sur |I'antimatiere

GBAR peut atteindre une précision de 1 % sur g_; (2021)

et un upgrade est déja prévu pour atteindre au moins 0,01 % (2025 a 2030)

En parallele, GBAR peut travailler sur la spectroscopie de H et de Ps (2019-2021)
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2017

Linac commissionning
Decelerator tests

Ist E

Beam dump

Positron trap installation
Reaction chamber installation
End detectors tests

Install 1st Ps excitation laser

2018

Trap commissioning
p/p focussing in RC
Dense Ps cloud

Ist H

Free fall chamber
& detector production

Full remote supervision
Ist H* detection

Antiproton trap installation

2019- 2020

Long shut down
Cross section
measurement
with protons or H-

Ps spectroscopy

Free fall chamber
and detectors installation

Cooling laser installation

?

2020 and beyond

Detector calibration with p
st trapped H*

1st H* at mK

Ist H* at pK

st free fall of pK H

Ist H quantum reflection



ALPHA-g: Precision gravitational measurements
with antihydrogen

~ 2 m tall antihydrogen trap
Release + detect falling Hbar

Measure sign of gbar
- ~1 year

Measure gbara ~ 1%
- 4 -5 years

ETH Zurich Seminar, 14 Feb 2017 A
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Key
[ Laser beam path
[ UHV space, heat-shiclded

1 Outer vacuum chamber (OVC)
[ OVC, heat-shiclded

[ Liquid helium volume

[ Ultra High Vacuum (UHV) space [ Magnets

] Electrodes (under UHV)
[ Silicon vertex detector
: Ph_\ sical support

Catching trap Stick

Cryocooler —\

Gate valves ‘

lon pumps

Vapour-cooled leads,
I.He inlet and He exhaust

Turbopump

lon pumps

Mixing
trap Stick

mented electrode

ot Rotatng Vs _Main solenoid 0.15T__ 300 Gauss guiding fields

1 ) .\, Gas Inlet — lI_Il ICoidhead

Catching trap

Mixing trap

. ._f ) Gas outtet ] f—— l ‘ ,:
Endpressure with gas off : <1 x 109 mbar T=6K
Beam strength:

B million 0+ per $6c0nd 50 mCi “Na
Sclid neon moderator



downstream reservoir
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