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Context: table-top low-energy precision
measurements

_{ DAQ H 10 MHz clock 7 layer magnetic

Most precise tool existing: spin-clocks N

o Electric dipole moments, ultra-light dark matter or CPT/ X
Lorentz-Invariance S | T

o Extremely sensitive: previous 129-Xe EDM search ;:
(@TUM/Cluster) achieved 10-24 eV energy resolution! B
(best limit on 129-Xe EDM, PRL 2019) - i i

New approach: frozen-spin storage ring (@TUM/Cluster)

« Will be the most precise magnetometer ever built

« Suitable for ultra-light Dark Matter searches and EDM
physics

« Small-scale exploratory tool




Storage ring

Trap for polarized ions or ionic molecules
“Frozen spin“ method . _ |
30 keV, fully electrostatic .. Tk IR [ e
Realized in stages: \ ' " T\ % | Laser
« 1) few minutes storage time: room temperature i | 1 e
« 2) few hours storage time: cryogenic :ég 1

Preparation and readout of atomic states using lasers

(and SQUIDs)

,Motional narrowing”: long spin lifetime

Statistics: > 108 trapped particles £ 3
Systematics: differential measurement with =
independently controlled particle bunches W\
Hardware currently being ,collected”

If all works well, > 5 orders of magnitude
improvement for EDMs! < >

lon source




This project: a Ba+ ion source

ldea:
« Instead of Cs+ ions for commissioning: a source to do physics at an early stage!

« Ba+ has electron spin = %: easy state preparation & readout with lasers
o Probes ultra-light ALP couplings to ordinary matter (HERE: electron-axion-coupling)
o ALP field looks like oscillating B-field in experiment:

ﬁint i gaeeauaé’yse » H = _gaeeva o
H=—-uVB.o
« Frequency related to ALP mass:

UNBer = gaeeaomavcos(mat) — Baee\/PDM V'cos(mat)

« Storage ring is a sensitive magnhetometer
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GeV KBa




Reach of the experiment
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Taken from: I. M. Bloch et al. “Axion-like Relics: New constraints from old co-magnetometer
data”. arXiv: 1907.03767 [hep-ph] (modified)

Sufficient to publish the
method together with a first
physics result

First stage: storage time of 1s

Ultimate stage: storage time
of 5h



Creating Ba+ ions

lons generated through laser
ablation from Ba metal target

Large ion currents feasible
50 um spot size (important

for laser polarization)

Electrostatic acceleration to

30 kV

Detection using multi-
channel plate

High voltage hardware
(isolated platform,

decoupling transformer)

provided by TUM E18

Electronics

Ablation laser

—————

Target

Vacuum +
Electric isolation

1m
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Beam diagnostics




Polarizing Ba+ ions

o 2 lasers for polarizing:

m=+1/2 ,
m=-12 o— 6P,

s '\ > 50 s life-time
649.9 nm .
8 ns life-time (Repump) e 5D,
493.5 nm \l
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5 __
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o Detection of polarization using
fluorescence

o Physics known from Li+, Na+ ion
sources

1m

Electronics

Excitation laser

~ail

Flourescence | |Deshelving
detection laser
Electronics

Beam diagnostics




Polarizing Ba+ ions

Efficiencies for both laser transitions were
calculated:

For the ,pump” laser:
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For the ,,shelving” laser:
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-to demonstrate the polarized ion source:
polarization of 10% possible
-later: polarization up to 100% in the ring possible
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Funding requested

- Laser diode for optical pumping (4180 Euros) and electronics (3400 Euros)

- Laser diode for depopulation of shelving state (4580 Euros)

- Multi-channel plate for beam diagnostics (3900 Euros)

- Low-noise camera for fluorescence detection (approximately 4000 Euros)

- Barium metal (900 Euros)

- Ablation laser with power controller (1200 Euros)

- Vacuum components including anti-reflection coated windows for ablation, excitation and de-
shelving beams (3000 Euros) and CF compatible HV isolators (4000 Euros)

- Hiwi funding for Dr. Wolfgang Schott 1.6.-31.12. (3000 Euros)

Total: 31.260 Euros



Time scale, milestones, goal, added value,
seed aspect

« Unique and conceptually novel, produces physics results instead of simply a technology
development

o First polarized heavy ion source! (Current active research topic for parity violation and
nucleon EDM research)

« Source will be functional by end of 2022: low risk

o Timely: physics results much closer to technology demonstration of storage ring (Cluster
project), realistically within ORIGINS | (now with lab available!)

« Connects very different areas of accelerator technology (collab. GSI) and atomic physics
(collab. Stanford)

« Connects to proton EDM efforts at CERN as small-scale test bench

o Enables us to ask for DFG funding



