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COLLINEAR LASER SPECTROSCOPY
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COLLINEAR LASER SPECTROSCOPY
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» Cooling of the ion beam
« 10° reduction of laser background

SNR =100 |

Frequency

» Usage of pulsed spectroscopy lasers
 Optical population transfer

l. SNR =234

accumulation bunch

Time ZCtS
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* Limited to laser transitions > 200 nm

* ~ 50 % efficiency

« Several atomic states are populated

« Background free spectroscopy from
metastable states

* New detection methods
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NUCLEAR CHARGE RADII
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NUCLEAR CHARGE RADII
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NUCLEAR CHARGE RADII
LIGHT NUCLEI
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R.("Be) = 2.519(12) fm
Jansen et al., Nucl. Phys. A 188, 337 (1972)

R.(°Li) = 2.589(39) fm

Nortershéuser et al., Phys. Rev. C 84, 024307 (2011)

r, =1.67824(83)fm

Krauth et al., Nature 589, 527(2021)
from pHe* (one-electron system)
“all- optical charge radius”
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NUCLEAR CHARGE RADII
THE CALCIUM - NICKEL REGION
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NUCLEAR CHARGE RADII
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L @—@ Yttrium (Z=39)

| A—A Zirconium (Z=40)
m—a Niobium (Z=41)
¥—xX Molybdenum (Z=42)

« Evolution of nuclear charge
radii along a chain of isotopes

« Correlation with S,_- two-
neutron separation energy i

« Shows structural effects

* Onset of deformation at N=60

« Is this effect still visible for
Mo, Tc, Ru, Rh?

 Observed ,change in slope”
for N>60
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« Spin |, magnetic dipole moment p and electric
guadrupole moment Q can be deduced from

hyperfine splitting
hf
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Mmeas — Href hf
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* 1 probes the single-particle nature of the
valence nucleon

Iref

A. Vernon et al., Nature 607, 260 (2022)
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NUCLEAR MOMENTS IN !

CADMIUM ISOTOPES o MagNEtic dipole: %% oo =
L e 0.6 x usp
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Yordanov et al., Phys. Rev. Lett 110, 192501 (2013)
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OCTUPOLE MOMENTS
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IMPLICATIONS FOR NUCLEAR EOS

TECHNISCHE
UNIVERSITAT
DARMSTADT
. i GWI170817 .
Constrain the slope of the symmetry energy at - L PREX-2_
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Important to predict the properties of both super- oosE 4
heavy nuclei and neutron stars i ]
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Pineda et al., Phys. Rev. Lett. 127, 182503 (2021)
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INPUT FOR CKM MATRIX
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SPECTROSCOPY OF MOLECULES

complementary physics
e parity violation
laser cooling e quantum chemistry

co-magnetometry \ / e nuclear structure
/ B-field insensitivity f

nuclear-spin-independent
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> & electron EDM

long coherence time
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deformedAnucIei
' same chemistry component

different physics sensitivity & hadronic EDM
systematic spin dependence

R. F. Garcia Ruiz et al., Nature 581, 396 (2020)
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ATOMIC PHYSICS & HV METROLOGY
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HIGHLY CHARGED IONS FROM EBIS
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P. Imgram et al., submitted to PRL
P. Mller et al., in preparation
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