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ATLANTIS

= The Argonne Tandem hall Laser beamline for aTom and lon Spectroscopy
(ATLANTIS) experiment at the Argonne Tandem Linac Accelerator (ATLAS)
facility conducts nuclear structure research.

= Properties of radioactive nuclei such as charge radius, electromagnetic
moments, and nuclear spins are determined from hyperfine structure
measurement.

= | aser light is overlapped with an ion beam, and resonant fluorescence is
detected using a photomultiplier tube as a function of laser frequency and time
relative to the beam bunch. This technique is known as Collinear Laser
Spectroscopy (CLS).
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FIG 1: ATLANTIS CLS Beam Line Region

ION BUNCH EJECTION

= A cooled bunch of ions is ejected from the Cooler/Buncher trap using
coordinated "kick" and "pull" potentials (illustrated in FIG 5).

= Systematic scanning of the Kicker and Puller voltages (FIG 6) demonstrates their
coupled effect on the temporal and spatial profile of the °4Zr beam.

= Optimizing these extraction voltages is critical to minimizing the time-of-flight
(TOF) spread, which directly improves the resolution of downstream CLS
measurements.

’*Zr Beam Profile vs. Kicker and Puller Voltage
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FIG 6: Kicker / Puller Beam Profile Matrix (PMT3 Only)

STORAGE TIME VS LINE SHAPE

* [ncreased storage time stabilized the ToF line
shape, as demonstrated with Ru.
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FIG 11: Ru Storage Time & Line Shape Comparison

SOURCE / DAQ

CONCLUSION / FUTURE WORK

Optimization reveals that while longer cooling times
stabilize TOF line shapes, they simultaneously
increase molecular formation. Furthermore, precisely
coordinated kicker and puller potentials are required
to minimize temporal beam spread during extraction.

= Assess the impact of buffer gas purity on molecular

= Study collision-induced dissociation and charge-
exchange interactions using mixed gases and

= Refine ion bunch energy and time distributions via

COOLER / BUNCHER

= Cooling section: Pressurized He
buffer gas reduces incoming ion
beam energy through collisions.

»= |on Beam is delivered from
NuCARIBU or an offline ion source
(FIG 2) with varying temporal
spread.

= Offline laser ablation source can
provide beams of various metals
and solids.

* Trapping section: Traps ions of
interest within the He buffer gas.
The longer the ions are in the trap
the more they are cooled.

= RF fields guide ions from the
injection electrodes into the trap.
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= |ons are bunched and cooled,
allowing us to gate signal in time
space.
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FIG 4: Cooler/Buncher Electrodes [1]
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MOLECULES, STORAGE TIME, & OFFSET TESTS
= Tested Zr, Tm, Rh, Ru, Pd, and V.

* |nvestigated buncher acceptance window, cooling/storage times, and molecular
formation.

= Buncher acceptance window remained consistent across all tested elements.
= | onger cooling times increased molecular formation.

Buncher Storage-Time Scan Comparison ( > 100 ms)

Buncher Offset Scan — Tm, Zr, Rh, Ru (normalized, 20 sccm)
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FIG 7: Buncher Acceptance Window

Zr Buncher Cooling Scan — Raw Waveforms (16 sccm)
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FIG 8: Storage Time vs. lon Survival

V*/ VO™ Formation vs Buncher Storage Time
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FIG 9: Zr Storage Time vs. Molecular Formation FIG 10: V Storage Time vs. Molecular Formation
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