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Content:
● Motivation and laser spectroscopy technique 
● Current developments at the Cyclotron Institute
● Integrating ML&AI into precision measurement

Laser Spectroscopy at the Cyclotron Institute 
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Motivation

Neutron #

Laser spectroscopy measurements 1988-now

(credit: Prof. Nörtershäuser, 
TU Darmstadt, link)
GRAY = Unstudied!

Laser spectroscopy provides precise 

nuclear measurements that 

challenge theory and advance 

security, energy, and environmental 

research! Pr
ot

on
 #

https://www.ikp.tu-darmstadt.de/forschung_kernphysik/gruppen_kernphysik/experiment/ag_w_noertershaeuser/forschung_ag_w_noertershaeuser/exotische_kerne_ag_w_noertershaeuser/laserspektroskopie_uebersicht/index.en.jsp
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How will we measure?

● 30 MeV/u 3He beam on target       
→ light-ion fusion-evaporation reactions
→ Stopping, mass separation, bunching

K150
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How will we measure?

GS

Ex

IP

LA
SE

R→ High background suppression
→ High precision ≲100 MHz

X. Yang et al. Prog. Part. Nucl. Phys. 129, 104005 (2023)

Resonant Ionization Spectroscopy
= detecting ions (instead of photons)

https://doi.org/10.1016/j.ppnp.2022.104005
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LA
SE

R→ High background suppression
→ High precision ≲100 MHz Quadrupole moment

→ Nuclear deformation

Magnetic moment
→ Nuclear magnetic field

Nuclear spin

115In
110In
105In

Isotope shift
→ Nuclear size, deformation

GS

Ex

IP

Resonant Ionization Spectroscopy
= detecting ions (instead of photons)

Karthein J. et. al. Nat. Phys. 20, 1719–1725 (2024)

How will we measure?
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First Case: Oxygen 
Pr

ot
on
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● Oxygen is the only proton-magic element that has yet to be precisely measured with laser spectroscopy!
● BECOLA/RISE @ FRIB approved experiment for neutron-rich Oxygen isotopes.   
● Opportunity at the Cyclotron Institute to probe neutron-deficient Oxygen isotopes near the proton dripline. 

Neutron Number (N)
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Neutron Number (N)

Excellent opportunity to constrain 
nuclear theory!
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Off-line Development

Off-line laser lab (startup)

Develop similar setup @ Cyclotron

Nuclear Structure (ECRP: O, C)

+ radioactive molecules 
(fundamental symmetries, 

nuclear astrophysics)*

Neutron #

Pr
ot

on
 #

*See Savannah Limarenko’s talk for more info on radioactive molecules!
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Agentic Digital Twins

Our Lab = Test bed for RIB Facilities

Agentic Digital Twins for Precision Setups (traps, lasers, …)

● automate + accelerate tuning & measurements

● Scale from university labs (A&M, MIT) to accelerator facilities (A&M-Cyclotron, ANL, FRIB)

Agentic Digital Twin

The Computational Model (Virtual Twin)

Ion Beam 
Simulations

Particle 
Tracers

Spectral 
Model

Data Acquisition & Hardware Control (Physical Twin)  

FRIB

Sensors 
(Inputs)

Actuators 
(Outputs)

Control 
Systems

Synchronization Engine + Setup Automation

State 
Estimation

Parameter 
Update Prediction Agentic 

Action
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Light ion-guide Separator for Texas A&M’s Rare isotope beams (LSTAR)

Berg, Melconian, et al. Nucl. Instrum. Methods Phys. Res. A 1069 169944 (2024).

K150 
Beam

Beam Travels upwards to 
Low Energy Research Area

(LERA) 
experiments

Dr. Dan Melconian

K150

LSTAR 
Separator

RGQ 
Buncher

Gas Cell

Target
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● Insulated, temperature / humidity controlled space.
● RIS and Molecular Spectroscopy

14

Preliminary Laser Spectroscopy Layout
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Buncher 
RFQ

Bender & 
Laser Table

CEC
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Bend 
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Storage Space, Computers, etc.

En
tr

an
ce

Wall

Laser Sys.

Temp Control Systems 
+ Dehumidifier


