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ABSTRACT
Pulsed laser ablation of brain tumors involves energy delivery on a timescale shorter than that required for thermal diffusion to redistribute it. As such, the use of the parabolic Pennes equation becomes unreliable as a basis for dose 

prediction. Models using non-Fourier approaches with temperature-dependent thermal parameters predict altered ablation volumes in brain tissue [1]. Models accounting for dynamically changing optical properties predict 

additional changes in ablation volume [2]; however, both factors have not yet been considered together for pulsed irradiation. Here, we couple a hyperbolic Cattaneo-Vernotte-Pennes bioheat transfer model with Monte Carlo 

photon transport, where by the absorption and scattering coefficients and blood perfusion rate vary according to local temperature and coagulation status. Cell survival is determined from an Arrhenius damage integral. The ratio of 

thermal relaxation time to pulse width determines a critical value below which hyperbolic and parabolic models yield similar results, above which significant differences arise. Maximum temperatures and damage are uncoupled; 

maximum temperatures occur later and at lower values, whereas necrotic volumes increase, suggesting that peak temperature serves as a suboptimal proxy for thermal dose. Further, coagulation-driven scattering results in a spatial 

shift of the absorption maximum away from the tumor margin. 

AcknowledgementsConclusions

The Critical Ratio

Energy Deposition Balance

Methodology The Femtosecond Pulse

Hyperbolic vs Parabolic

EMERGEMAT 
9th INTERNATIONAL CONFERENCE 

EMERGING TECHNOLOGIES IN MATERIALS ENGINEERING 
22-23 September 2026, Bucharest, ROMANIA

Depth and Pulse Duration Spectrum and Fluence

 

Coupling Cattaneo-Vernotte Heat Transfer with Monte Carlo Photon Transport for Pulsed Laser Therapy of Brain 

Tumours
Cristian N. Mihăilescu1, Liviu Badea2, Natalia Mihăilescu1, Mihai Oane1, Alexandra M.I. Trefilov1

1National Institute for Laser, Plasma and Radiation Physics - INFLPR, 409 Atomistilor street, Magurele, RO-077125, Romania.

2National Research & Development Institute for Non-ferrous and Rare Metals – IMNR, 178-184 Biruintei boulevard, Pantelimon, RO-077145, Romania.

References

Brain tissue irradiated with 70 and 90 fs pulses is modelled in MATLAB. A 1D 

Monte Carlo run supplies the depth fluence, Keldysh photoionisation and a Drude 

cascade the plasma; C-V and Pennes run on the same source.

Figure 1. Normalised intensity of the (a) 70 fs and (b) 90 fs pulse, 

with the carrier field and its envelope in (c) and (d); both peak at 

150 fs and reach about 2.3 × 10¹⁰ V m⁻¹.

Figure 2. Scan of the relaxation ratio τq/FWHM: (a) maximum and 

(b) RMS difference between the hyperbolic and parabolic solutions, 

(c) delay of the temperature peak and (d) ratio of the Arrhenius 

damage integrals.

Figure 3. Incident and absorbed energy per unit area for the (a) 70 fs and (b) 90 fs pulse, about 30% being 

absorbed; in (c) and (d) the Cattaneo-Vernotte and Pennes energy balances follow the source to within the 

line width.

Figure 4. Temperature rise against time at four fixed depths for the longer pulse. The Cattaneo-

Vernotte and Pennes curves are indistinguishable over the 500 fs window, with peaks between 0.9 and 

3.2 K.

Figure 5. The same four depths for the shorter pulse; every peak is lower by the fluence ratio of 1.28, from 

0.73 to 2.5 K, and the two heat-transfer models again coincide.

Figure 6. Spectral content of the (a) 70 fs and (b) 90 fs pulse and (c) the two spectra overlaid, the 

shorter pulse being the broader; (d) the accumulated fluence, saturating at 7.5 and 9.6 J cm⁻².

➢ Below τq/FWHM ≈ 1 the hyperbolic and parabolic solutions differ by less than 

0.6%, so the classical Pennes equation stays adequate there.

➢ Above that ratio the temperature peak is delayed by up to 130 fs and the Arrhenius 

damage integral rises by 0.3% over the Fourier value.

➢ About 30% of the incident energy is absorbed and the rise stays below 3.2 K over 

500 fs, so peak temperature alone is a weak thermal-dose proxy.

➢ Equation 1 — Cattaneo-Vernotte-Pennes bioheat transfer

where T = tissue temperature; τq = thermal relaxation time; k, ρc = temperature-

dependent conductivity and heat capacity; G = wbρbcb = perfusion conductance; Tb 

= blood temperature. τq = 0 recovers Pennes.
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➢ Equation 2 — Monte Carlo volumetric source

𝑄(𝑧, 𝑡)  = 𝜇𝑎  +  𝛼𝑝𝑙 1 −  𝑅𝑝𝑙  𝜑𝑀𝐶(𝑧) 𝑇𝑝𝑙  𝐼0(𝑡)

where μa, αpl = linear and Drude plasma absorption; φMC = depth fluence from a 1D 

Monte Carlo run with Henyey-Greenstein scattering; Tpl, Rpl = plasma transmission 

and reflectance; I0(t) = incident pulse.
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