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1. Couplings between antiprotons and dark matter
2. Dark matter decays in the BASE detectors

3. Future perspectives




The BASE experiment

1.95 T B field from solenoid A Penning trap
0 Orbit is sum of three normal modes

________________________

27 . Modified cyclotron

Voltages applied to ¢ @MH z

ring-shaped electrodes

Magnetron

edk Hz

I o
¢t a

Measure frequencies and get access to
chargeto-mass ratio and magnetic field




0 e/ ———1

= Measuring magnetic moments
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Is the Larmor frequency, the frequency at which rf can most easily flip the spin
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© To measurée , just need a way to identify the antiproton spin state

Detectingchanges in the direction or size ‘of

020 ,

The particle has a total magnetic momengspin + orbital)

If we add an inhomogeneous fietld 6 0 a " ¢ then there
is an additional force ‘ €0 which contributes to the axial trapping
force

This shifts the axial frequency depending’qrso the spin state can be
identified




Couplings between dark matter and antiprotons

Measure the couplinfg 7 @& —I T I [ between ultralight, pseudoscalar ALP relic dark matter gnd
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The BASE frequency detection system
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Resolving single antiproton spir
flips requires the highest Q and
lowest temperature LC resonan
detectors ever buitBASECERN
IS the state of the art

H.Nagahamaet al., Rev. Scinstrum 87, 113305 (2016). 6



Conversion of Axichke particles into photons in the detector

Axions can couple to photons via the interaction tdt@j @ — 0O O
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Inside the resonator housin@QL _ , and where there is a strong fietd, the axions
source a magnetic field
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Sikivieet al. PRL112, 131301 (2014); Y. Kim et al. Phys. Dark Unia&;s£00362 (2019). /
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f(v,Q.q) is a lorentzian line-shape function proportional to Re{Z} ry is the inner radius of the toroid
e, is the equivalent input noise of the amplifier r, is the outer radius
k is the coupling constant gay is the coupling constant HOW to measura‘ .7
Q is the resonator Q-factor B is the static magnetic field
Nr is the number of turns Qg is the dark matter density

lis the length of the toriod along the magnet B field

J. A. Devlin et al., Phys. Rev. LEM, 041301 (2021).8
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Limits

We isemaximum likelihood estimation to estimat® , and then decide if we have a discovery, or set limits
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J. A. Devlin et al., Phys. Rev. LE5, 041301 (2021). W. Foster et al. Phys. Re@1§2018). 10



=i g= Next step: freqguency tuning

Cryogenic adjustable capacitance with no loss of Q already developed
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Future potential

Small detector(s): 5 cm long, 5 cm diameter

Limits Hints
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Much large detector volumesn discussion with RADERAbyIAXO
Colder detectorslaser cooled resonators? Input from other CERN experts appreciated!
Lower noise amplifierg particle assisted readout? e.g.NbTicoating or HTS tape for large cavities
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Takeaway messagmique possibilities at BASE

1.

Longterm Investigations oantiproton-relic dark matter
coupling

Transferstate-of-the-art technologiesdeveloped for high
precision antimatter measurements to detect relic dark

matter particles

BASE Penning traps at CERN as an interface between
guantum measurementtechnigues and large detectors
for weak EM radiation
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= Thank you!

A Mainz: Measurement of the magnetic moment
of the proton, implementation of new
technologies

B

A CERMAD:Measurement of the magnetic
moment of the antiproton and
proton/antiproton g/m ratio

A Hannover/PTBQLEDSasercoolingproject, new
technologies
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Institutes: RIKEN, MPIK, CERN, University of Mainz, Tokyo University, GSI
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Team at CERN
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C.Smorraet al., ER$pecial Topics, The BASE Experiment, (2015).



