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The B'SE Collaboration
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BASE Mainz - The Proton g-Factor

e frequencies of a single proton in a magnetic field:
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BASE Mainz - The Proton g-Factor

e frequencies of a single proton in a magnetic field:
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BASE Mainz - The Proton g-Factor

e frequencies of a single proton in a magnetic field:
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The Double Penning Trap Method

analysis trap (AT) precision trap (PT)
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Schneider, G. et al. Science 358, 1081 (2017)
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Single Spin-Flip Resolution and Particle Temperature
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RF noise — cyclotron quantum
transitions

transition rate proportional to
cyclotron quantum number

dn
—F xng

dt
ultra-cold particles (0.1K) are

required for high fidelity spin-
flip detection

problem: temperature after
cyclotron frequency
measurement: 300K
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Single Spin-Flip Resolution and Particle Temperature

* ultra-cold particles (0.1K) are required for
high fidelity spin-flip detection

* laser cooling can provide temperatures
In the mK range
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Sympathetic Cooling via Coupled Traps

. — -
* cloud of N trapped and laser * trap design
cooled Be ions is used as minimises Cr . B
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* coupling time T on the
order of 55 s:
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Heinzen, D. J. & Wineland, D. J., Phys. Rev. A, 42, 2977 (1990) Bohman M. et al., J. Mod. Opt. (2017)
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The Apparatus

spin flip coils
ST AT , PT CT BT

ablation laser at 532

cooling laserat 313.13

electron beam double trap fluorescence detection

* double trap for g-factor measurements
* coupling traps for sympathetic cooling

Bohman M. et al., J. Mod. Opt. (2017)
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The Apparatus
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* double trap for g-factor measurements

* coupling traps for sympathetic cooling

Bohman M. et al., J. Mod. Opt. (2017)
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Cryogenic Detection Systems |

Image Current Detectors

Markus Wiesinger for the BASE collaboration



Axial Frequency Detection System
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* inductivity ~ 3 mH

e crucial: materials

* resonance frequency ~ 500 kHz
PTFE holders PTFE core chamber

Nagahama, H. et al. Rev. Sci. Instrum. 87, 113305 (2016)
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Axial Frequency Detection System

N =950 - 1200
Q = 200k - 500k
L=2-3mH
vz = 400-800 kHz
Rp > 1GQ

Nagahama, H. et al. Rev. Sci. Instrum. 87, 113305 (2016)
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Modified Cyclotron Frequency Detection System

fres = 28.96 MHz

SNR =20dB
0 = 1500 : from trap
tcool =605 superconducting coil ?
T=5K, with feedback T = 2K amplifier
low noise cryogenic amplifier ‘
g £
3 S
0
\© NbTi wire
teflon core
\/

e split electrodes necessary

e crucial: choice of materials

Schneider, G. Doctoral Thesis (2018)
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Cryogenic Detection Systems lI

Single Photon Sensors
for Fluorescence Detection
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Fluorescence Detection

no,o_unoo..cC.'(‘C
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BT ring electrode:

lnnh,““

e features 6 slits

e application of rotating wall drive

* allows detection of fluorescence light

CT BT
ablation laser at 532

cooling laser at 313.13

florescence detection
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The SiPM Sensor

5676 cells
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Test Setup

e multiple photons:

SiPM Photoelectron Spectrum
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Fluorescence Detection Progress

test in the cryostat at 4K
test with 315+5 nm light

cables:

X cryo coax

x twisted pair

)( shielded twisted pair
x low noise cryo coax

small diameter kapton insulated copper
coaxial cable (but 55 mW heat load)

test in the apparatus
we are working on:
readout

cables: semi-rigid coaxial cable made of
BeCo/SS or SS/SS
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Recent Results

e Tests of the SiPM in the apparatus at 4K:
e excellent background count rate: < 1 Hz

e |aboratory lights background: 1000 Hz

e 313 nm cooling laser background: 60 kHz

e estimated fluorescence signal: > 10 kHz
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Cryogenic Detection Systems ll|

A single laser-cooled Bet ion
as a quantum sensor
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Laser cooled Bet+ as guantum sensor
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Heinzen, D. J. & Wineland, D. J., Phys. Rev. A, 42, 2977 (1990)
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