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I. Objectives 

I will learn the polarization-resolved second harmonic generation (P-SHG) 

nanoscopy technique developed in Sophie Brasselet’s laboratory at the host 

institution, and apply it to gold nanostructures brought from Cardiff. Data will 

be analyzed with the computational methods developed by Carolina Rendón 

Barraza (ESR 5-2) and others, in order to address the various optical modes of 

an anisotropic nano-structure and their symmetry. Results will be compared 

with numerical simulations and with linear and nonlinear optical 

measurements to be performed in Cardiff on the same structures. 

 

II. Materials 

The sample consists of several arrays of rod dimers. The structures have been 

milled with a focused ion beam (FIB) on a single crystalline gold flake, ground 

directly to the glass substrate. The aspect ratio (AR) of the rods increases along 

each row from AR = 1.0 (dimer 1) to AR = 3.1 (dimer 14), while the structures 

on the same column (identified by the same number) are nominally identical. 

The array discussed in this report (Array 2 on flake 1) features a gap width of 

25 nm. A complete scanning electron microscope (SEM) characterization is 

available for the sample, albeit with a relatively low resolution, in order to 

avoid plasma deposition and the consequent sample degradation. Figure 1 (left) 

is a typical SEM image, highlighting the presence of some defective structures, 

as the heterodimer A13 or the monomer B13. 

 

 

Figure 1: Left: SEM micrograph of a sample area with the adopted numbering convention. 
Right: Scattering spectra from structures having a similar gap size as the studied ones. 



The optical properties of the structures have been addressed using 

darkfield scattering spectroscopy. The resulting scattering spectra under 

unpolarized excitation for structures similar to the one I have measured are 

presented in Figure 1 (right). The spectra display two main resonances about 

620 nm and 700 nm, which we ascribe to the antibonding (polarized along the 

gap) and the bonding (polarized across the gap) modes, respectively. There is 

not a simple trend with increasing AR, apart from a slight rise of the peak 

cross-section value (the negative values for short and long wavelengths stem 

from difficulties in local background subtraction, caused by the tight spacing of 

the structures). 

 

III. Methods 

The polarization-resolved imaging set-up is based on an inverted two-photon 

excitation microscope. A collimated beam provided by a Ti:Sa laser (780 nm 

wavelength, 150 fs pulse duration, 80 MHz repetition rate) is focused by a 

water-immersion objective (40x magnification, 1.15 numerical aperture (NA)) 

onto a single metallic structure, with an approximate lateral resolution 

𝜆 2NA⁄ = 340 nm. Note this is the shortest wavelength the set-up could 

operate at (given the available optical filters), while longer wavelengths are 

available by tuning the Ti:Sa or using an optical parametric oscillator (OPO) 

output. The linear polarization of the laser beam is rotated (from 0° to 170° in 

10° steps) by an achromatic half-wave plate placed before the objective and 

driven by a step motor. 

The emitted signal is then collected by the same objective in an epi-

configuration, and sent by a dichroic mirror (λ<670 nm) to a photomultiplier 

operating in single-photon counting mode, set to maximum gain. Optical 

filtering is used to block residual laser reflection and select the wavelength 

range corresponding to the optical process to be observed. SHG at 390 nm 

(possibly with some amount of one-photon and two-photon fluorescence) is 

collected through a 379/34 and a 400/40 bandpass filters, thus ranging from 

380 nm to 396 nm in detection. Linear photoluminescence (PL) —  which 

provided a steady signal with a lower excitation power — is collected instead 

through a pair of 750 nm shortpass filters, and is used to center and focus the 

structures before imaging. 

The beam position is scanned in the sample plane via a pair of galvo 

mirrors to create an image (4x4 µm size, 100x100 pixel, 40 µs pixel dwell time). 

In order to reduce shot noise, 5 or 10 images per polarization are averaged, 

resulting in a typical acquisition time of the complete polarimetric stack of the 

order of one or two minutes, respectively. 

 

IV. Analysis 



The rationale of the technique and the detailed mathematical approach have 

been described in previous publications from Brasselet’s research group [1,2]. I 

will show in this report some maps — called P-SHG maps — representing how 

efficiently (stick color) signal is generated according to the polarization of the 

exciting beam (stick orientation) and its position with respect to the structure 

(stick position). The dipolar contribution (whose orientation is defined modulo 

π) and the quadrupolar (whose orientation is defined modulo π/2) 

contribution are separated into different maps. Note that in SHG the dipoles 

created in different positions of the structures radiate coherently, and 

therefore interference plays a crucial role here as well. Albeit retrieving 

information on the physical structure of a nano-object from its P-SHG pattern 

is a formidable inverse problem, these maps are expected to reflect the 

symmetry of the activated optical modes, and thus to convey some 

information beyond the optical resolution limit.  

 

V. Results and discussion 

Albeit 20 structures have been measured overall, only a handful of them has a 

good enough structural quality and provided a strong enough signal to draw 

some conclusions. Amongst these, the vast majority displays a dipolar mode 

oriented mostly along the horizontal direction, namely along the gap (the P-

SHG maps have the same orientation as the SEM image in Figure 1, left). Figure 2 

provides an example of this behavior for two nominally identical structures. 

We would have expected instead the SHG signal to be enhanced with 

excitation polarized across the gap, i.e., by resonating with the bonding mode, 

which is the closest one to the used excitation wavelength. On the other hand, 

the patterns relative to the quadrupolar components differ extensively from 

one structure to the other, sometimes displaying just sheer noise, and in 

general having no apparent regularity. 

 

 

Figure 2: P-SHG map of nominally identical structures, dipolar component for 6.0 mW 
excitation power. Left: dimer A12; right: dimer B12 (AR = 2.7 for both). 



  The P-SHG map in Figure 2 has been obtained with an exciting power of 6.0 

mW (the actual value at the sample is likely to be approximately halved), so 

that photodamage cannot be excluded. Indeed, PL signal after the polarimetric 

scan was almost invariably severely diminished with respect to the value 

preceding the scan. Similarly, measurements at a different wavelength (by 

tuning the OPO at 1040 nm) did not yield more encouraging results 

Photodamage was also assessed by repeating the measurement immediately 

after the first one. Significant modifications in the P-SHG maps, as for the case 

shown in Figure 3, were often observed, thus suggesting a drastic thermal 

reshaping of the structure had occurred. 

 

 

Figure 3: P-SHG map of dimer A14 (AR = 3.0), dipolar component for 6.0 mW excitation 
power. Left: Average of scans 1 to 5; right: Average of scans 6 to 10. 

Unfortunately, some attempts to lower the excitation power from 6 mW to 

4 mW, or the number of scans (from 10 to 5) resulted into a drastic signal 

quenching, and the resulting P-SHG maps are essentially sheer noise. As 

previously the technique has proven capable of measuring similar 

nanostructures with approximately 1 mW on the sample [1,2], the reasons for 

such a low signal on these structures remains partially unclear. In first place, 

however, note that our excitation is quite off-resonance with respect to the 

plasmonic modes of the dimer, see Figure 1 (right). The different immersion 

medium — index-matching oil for our sample, air for the cited references — 

could play a role as well. Finally, the set-up efficiency was deemed to be sub-

optimal at the measurement time, with a signal from reference samples 

(Barium titanate nanoparticles) about 30% lower than previously obtained. 

Eventually, as a control and out of curiosity, the polarization-resolved PL 

signal was measured and analyzed with the same methods as the PL signal; the 

resulting maps are presented in Figure 4. Since PL efficiency is incoherent, 

unpolarized, and does not depend on the exciting polarization, these can be 

considered as position- and polarization-resolved absorption maps. In 

agreement with Figure 2, and contrarily to our expectations, they display a 



highly anisotropic behavior, with preferential absorption along the gap 

direction, for both the dipolar and the quadrupolar component. Also, the PSF 

is sensibly elongated perpendicularly to the gap direction. Note however these 

maps results should be taken with care, as the analysis procedure assumes a 

second-order process as SHG, while here we measure a linear one. 

 

 

Figure 4: Polarized excitation map of the linear PL signal from dimer B7 (AR = 2.0) for 4.0 mW 
excitation power. Left: Dipolar component; right: Quadrupolar component. 

VI. Conclusions 

I have measured the SHG and linear PL signal from FIB-fabricated rod 

homodimers under position- and polarization-resolved laser excitation at 780 

nm. In general, the dimers display a higher efficiency for excitation polarized 

along the dimer gap, contrarily to our expectations. However, the structures 

have displayed a low efficiency SHG signal generation, probably due to the off-

resonance excitation used. Thus a rather high excitation power was required, 

which has been found to lead to a significant photodamage and to a likely 

reshaping of the structures during the measurement, so that eventually no 

conclusive evidence can be drawn from the results presented here. 
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Stephanie Jung

From: Sophie Brasselet <sophie.brasselet@fresnel.fr>

Sent: Freitag, 7. Oktober 2016 16:20

To: jungst@mpip-mainz.mpg.de

Subject: Re: Secondment Report- Attilio

Hi Steffi 

Yes I am fine with both reports, Naya's and Attilio ! 

Best 

Sophie 

Dear Sophie, 

  

Could you please also review the enclosed secondment report for Attilio and write back to confirm 

that the contents are correct and true? I need to document your confirmation for the EU.  

  

Many thanks and kind regards, 

Steffi 

  

  

FINON Program Manager 

Max Planck Institute for Polymer Research 

Ackermannweg 10 

55128 Mainz, Germany 

Tel: +49 6131-379-549 

  

 

 

--  

Sophie Brasselet 

Institut Fresnel - MOSAIC 

Aix Marseille Université, Domaine Universitaire St Jérôme 

13397 Marseille Cedex 20 

tel : +33 (0)4 91 28 84 94 - fax : +33 (0)4 91 28 80 67 

http://www.fresnel.fr/mosaic 
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