
27.03.2019 |  Fachbereich Physik  |  Institut für Kernphysik  |  LaserSpHERe  |  1

BERNHARD MAAß

Fluorescence Detection for
Laser Spectroscopy



27.03.2019 |  Fachbereich Physik  |  Institut für Kernphysik  |  LaserSpHERe  |  2

BERNHARD MAAß

[Physik Journal, May 2018]

Fluorescence Detection for
Laser Spectroscopy



27.03.2019 |  Fachbereich Physik  |  Institut für Kernphysik  |  LaserSpHERe  |  3

The publication

Received: 10 August 2018

Accepted: 17 December 2018

Published online: 11 February 2019



27.03.2019 |  Fachbereich Physik  |  Institut für Kernphysik  |  LaserSpHERe  |  4

Proton superfluidity and charge radii in 

proton-rich calcium isotopes

• Close to the continuum, proton pairing

impacts the charge radius

• Continuum states have non-zero 

occupation probabilities

• Analog to Cooper pairs in metallic 

superconductors / superfluids

• New Fayans functionals that include

more elaborate pairing terms reproduce

the charge radii over 16 isotopes

• Also other isotopes, like 100-130Cd are reproduced with these novel pairing models
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Isotope Shift Measurements

• Measure the (relative) transition frequency along an isotopic chain

• Calculate (or determine → King Plot) the atomic factors

• Extract the difference in nuclear charge radius
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Fluorescence detection spectroscopy

• Production at NSCL, MSU

• Projectile fragmentation

on Be foil

• Bunched beam

• Stabilized laser

• Doppler tuning
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Light collection

Compound parabolic concentrator (CPC)
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• Only light with angle <ϴ exits the

concentrator
• ϴ can be choosen by design

• CPCs with 20° and 30° were built

Elliptical mirror (EM)

• light is emitted from one axis and is

reflected to second axis. 

• light that does not origin on beam 

axis „prefers“ higher exit angles

• reflection is not „disturbed“ in 

forward direction

• almost 4π-forwarding of photons.
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Background light suppression

Histograms: Output of elliptical mirror

Contour: Acceptance of CPCs

angular

spatial

Static Background: yellow disc

Signal: green cylinder

→ Suppression of „static“ BG such as scattered laser light or ambient light.
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The detection system at MSU
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Performance (for 8B?)

• Spectroscopy with 30-50 ions per second!

• ~500 ions per photon

What does that mean for 8B?

Spectroscopic efficiency:

Hyperfine structure: 4 peaks (/4)

Collinear/Anticolllinear (/2)

PMT Sensitivity (/2)

Surface Reflectivity at 250nm (/?) 

– under investigation

~ 3-5k ions per second

λ A21 Rel.

Ca 393nm 1.47*108 1

B 250nm 8.4*107 0.15

What do we have?

10-15k, but

without molecular breakup (/2-3)

without charge exchange (/2-3)

…
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Thank you…
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