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Underwater laser-induced breakdown spectroscopy (LIBS) enables remote in-situ material 
analysis for deep-sea exploration of mineral resources. Atomized excited analytes are 
produced by optical breakdown of the target material, and the time evolution of plasma 
luminescence and spectral emission are connected to the temperature history T(t) and pressure 
history P(t)  in the laser-induced cavitation bubble. 
 
Stroboscopic imaging of shock wave emission and bubble dynamics in bulk water produced 
by 8-ns, 1064-nm, 5-mJ laser pulses is combined with simultaneous time-gated ICCD imaging 
and continuous PMT-recording of the plasma luminescence. Analysis of line spectra from 
OH* radicals yields T(t) [1]. Hydrodynamic modeling based on measured plasma size, bubble 
oscillation times Tosc1 and Tosc2 and shock wave speed provides information on the breakdown 
pressure, P(t) and on Pcollapse [2, 3]. 
 

Breakdown pressure was  5 GPa for all ambient pressures p. Bubble oscillation time and size 
decreased from 200 µs to 1.1 µs and 1.1 mm to 112 µm at 0.1 and 50 MPa, respectively, while 
plasma luminescence and emission from spectral lines increases. Hence, deep-sea LIBS is well 

feasible. Collapse luminescence increased up to 7 MPa and then decreased. For p  25 MPa, 
luminescence lasts during the full first oscillation, concentrated in the bubble center. The tem-

perature 60  ns after breakdown was always 9700 K. For p  40 MPa, T(t) can be tracked during 

the entire bubble oscillation. At 50 MPa, we found T  4700 K at Rmax and  5500 K at collapse. 
 
Remarkably, the bubble temperature at t = 60 ns is similar to the blackbody temperature of the 
breakdown plasma although electron density has then dropped by two orders of magnitude. 
The heat release by electron-ion and molecular recombination slows the temperature drop 
during the initial plasma expansion, when continuum emission ceases. The following bubble 

oscillation is adiabatic during the fast expansion and collapse phases. At low p it has an 
isothermal phase around Rmax, with bubble pressure equaling saturation vapor pressure at 

ambient temperature. At large p with short Tosc and small Rmax, the adiabatic phases merge 
and bubble temperature and pressure remain high at Rmax. This buffers the collapse and lowers 
the collapse pressure and, hence, luminescence. However, the dynamics is not fully adiabatic. 
Thus, the bubble content is cooler near the walls and luminescence concentrates in its center. 
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