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Nuclear Physics and the Importance of
Precision Mass Measurements

Penning trap mass AME20: Huang et:al., Chin. Phys. C 45, 030002 (2021)
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Performing Precision Mass Measurements with Penning
Traps

Uniform Magnetic Field

(radial confinement)
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Performing Precision Mass Measurements with Penning
Traps

Uniform Magnetic Field +

Quadrupolar Electrostatic Field
(radial confinement)

(axial confinement)
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Performing Precision Mass Measurements with Penning
Traps

Uniform Magnetic Field +

Quadrupolar Electrostatic Field =
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Performing Precision Mass Measurements with Penning
Traps

Uniform Magnetic Field + Quadrupolar Electrostatic Field = Penning Trap
(radial confinement) (axial confinement)
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Performing Precision Mass Measurements with Penning
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An Overview of the Low Energy and Beam lon Trapping
(LEBIT) Facility
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An Overview of the Low Energy and Beam lon Trapping
(LEBIT) Facility
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An Overview of the Low Energy and Beam lon Trapping
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance * Phase-Image lon Cyclotron Resonance
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance * Phase-Image lon Cyclotron Resonance
» Measurement of w,
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance * Phase-Image lon Cyclotron Resonance

» Measurement of w,
« Scan of quadrupolar radiofrequency (RF)
excitation wgp
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance
» Measurement of w,
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* Time-of-Flight lon Cyclotron Resonance
» Measurement of w,

« Scan of quadrupolar radiofrequency (RF)
excitation wgy

Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Phase-Image lon Cyclotron Resonance
* Measure w, and w_ independently
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance * Phase-Image lon Cyclotron Resonance
* Measurement of w, * Measure w, and w_ independently
» Scan of quadrupolar radiofrequency (RF) « Allow each motion to accumulate phase (rotate)
excitation wgy for set time t .
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Current Techniques at LEBIT: TOF-ICR and PI-ICR
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* Time-of-Flight lon Cyclotron Resonance
» Measurement of w,

« Scan of quadrupolar radiofrequency (RF)
excitation wgy

Current Techniques at LEBIT: TOF-ICR and PI-ICR

» Phase-Image lon Cyclotron Resonance
* Measure w, and w_ independently
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* Time-of-Flight lon Cyclotron Resonance
» Measurement of w,

« Scan of quadrupolar radiofrequency (RF)
excitation wgy

Current Techniques at LEBIT: TOF-ICR and PI-ICR

» Phase-Image lon Cyclotron Resonance
* Measure w, and w_ independently
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance » Phase-Image lon Cyclotron Resonance
* Measurement of w, * Measure w, and w_ independently
» Scan of quadrupolar radiofrequency (RF) « Allow each motion to accumulate phase (rotate)
excitation wgy for set time t .
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Current Techniques at LEBIT: TOF-ICR and PI-ICR

* Time-of-Flight lon Cyclotron Resonance * Phase-Image lon Cyclotron Resonance
* Measurement of w, * Measure w, and w_ independently
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FRIB: Rarer Isotopes at Low Rates
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FRIB: Rarer Isotopes at Low Rates
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FRIB: Rarer Isotopes at Low Rates
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance
» Measure w, and/or w,
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance

» Measure w, and/or w,
* lons produce image current that is amplified and
FFT performed to produce w
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance
» Measure w, and/or w,
* lons produce image current that is amplified and
FFT performed to produce w

> FFT

3
-
]

||
M

Facility for Rare Isotope Beams
6‘ U.S. Department of Energy Office of Science | Michigan State University
@ 640 South Shaw Lane * East Lansing, Ml 48824, USA

FRIB frib.msu.edu

H. Erington, July 2024 ECCTI, Slide 8



A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance

» Measure w, and/or w,
* lons produce image current that is amplified and
FFT performed to produce w
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance
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* lons produce image current that is amplified and
FFT performed to produce w
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A Non-Destructive Technique: Narrowband FT-ICR with a
Single lon

» Fourier-Transform lon Cyclotron Resonance

» Measure w, and/or w,
* lons produce image current that is amplified and
FFT performed to produce w
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85RDb* Measured as Test of SIPT
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Variability of Signal Quality Impacts Signal Identification
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Machine Learning Analysis Improves Signal Identification
and Demonstrates Single lon Sensitivity
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Updated Electrode Pickup Scheme Allows for Detection of w,

» Detection of w. and w, demonstrated with
Minitrap?
* FT-ICR magnetometer using H;O" ions
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Main Components of SIPT

Injection Optics and Lorentz Steerers
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Investigating the Sensitivity Limits of SIPT

* How do we determine the sensitivity of SIPT?

. _ ) 0.006
* SIPT only useful if single ions are resolvable Z 0.005

* Single ion signals expected very near noise level - PP

* No means of knowing ion count going into trap E-g‘gm

. =T

= |dea: aggregate simulated dataset g O
- Better account for statistical variations in each signal 0001
0.000

»>100kK signals per set
« Use same properties except number of ions in trap

Signal
Amplitude

(;> Ip 0.54
Poisson mean: | Aﬁing]e 0.53 go.ls
lon number dist. =
o (Asingle) |0.00835 [> £ 010
=
Vosiset (#V)|  8.89
Pmax 4.85 B T

Signal Amplitude [a.u.]

Facility for Rare Isotope Beams

U.S. Department of Energy Office of Science | Michigan State University
640 South Shaw Lane « East Lansing, Ml 48824, USA

frib.msu.edu

FRIB

-20 0 20 40
Frequency - 36245 (Hz)

RelLu RelLu RelLu

rF—— e ————— — — —

. »

X XY YON
v DECKK)

Dropout = 0.5

H. Erington, July 2024 ECCTI, Slide 20




