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Outline

• Complexity and spin glasses

• Lasers and Random lasers

• Observation of a Photonic Spin Glass



Complexity



Many years ago…

• My first meeting with complexity

(Dirac medal talk, arXiv:cond-mat/0205387v1)

http://arxiv.org/abs/cond-mat/0205387v1


The Landscape

(Parisi, arXiv:cond-mat/0205387v1)

http://arxiv.org/abs/cond-mat/0205387v1


The overlap and the P(q)

(Parisi, arXiv:cond-mat/0205387v1)

http://arxiv.org/abs/cond-mat/0205387v1


P(q) for different J

(Parisi, arXiv:cond-mat/0205387v1)

http://arxiv.org/abs/cond-mat/0205387v1


Disorder average P(q)

Replica
are

symmetric

Replica
Symmetry
Breaking

(Parisi, arXiv:cond-mat/0205387v1)

http://arxiv.org/abs/cond-mat/0205387v1


Experimental evidence

(Parisi, arXiv:cond-mat/0205387v1)

Magnetization Vs Temperature

http://arxiv.org/abs/cond-mat/0205387v1


Questions

• Photonic spin-glass?

• Direct measurement of P(q) ?

• Replica Symmetry Breaking ?



Why lasers?

• Lasers are known for being thermodynamic systems
• Black body radiation

• Negative temperature

• «Random lasers» are disordered systems
Maiman, 1960



Lasers
• Light amplification by stimulated emission of radiation

• The original laser model:
• Gould, Prokhorov, Schawlow, Townes

• Invented the open cavity design (1957)



Random lasers

• A new design for lasers, dating back to 1966

• The photonic bomb

VS Letokhov



Several different random lasers

Ambartsumyam, Basov, Kryukov,

Lethokov (ABKL) experiment, 1966

The first one The most famous
Our first one

CC et al,

PRL 101, 143901 (2008)



Shaken granular lasers

PRL 2012,
Scientific Reports 2013



Laser with soft matter

• Colloidal dye

100mum
100mum

50mum



Experimental results 
Paper-based microchannels

Fabrication by I. Viola,  A. Zacheo, V.  Arima and G. Gigli from Nano-CNR in Lecce



Experimental results
Paper-based microchannels
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Figure 1.  Preparation and demonstration of a microfluidic paper-based photonic device. a) Fabrication. The 

left side reports the oblique view and the right side the cross section along the dash-dotted line. b) Confocal 

microscopy of the structure of native paper. c-f) Photographs of one of the microfluidic circuit realized on 

paper after adding a fluorescent dye to the sample reservoirs. The images show a reference empty device (c) 

and different images of devices partially filled with a lasing dye demonstrating the high flexibility of 

integration of the lasing paper that can be bent (d), rolled (e) and vertically aligned (f). Scale bars: 100 µm 

(b); 5 mm (c); 1 cm (d-f). 

 

 

 
 

Figure 2. Examples of paper-based photonic devices. a) Photograph of one of the paper-based microfluidic 

device. The microfluidic circuits are realized by soft-lithography on a single layer of a chromatography paper  

and fulfilled by capillarity with a laser dye. The left- inset shows an optical image in true colours of the 

channel’s  imbibition   b-d) Z-stack confocal images of different features realized in the paper sheet. The xz-

sections, in the bottom of the corresponding images, clearly show the active channels constituted  by a 

network of cellulose micro-fibres, acting as randomly-distributed hierarchical sub-channels. e-g) Optical 

images on true colours of the corresponding channels filled with the laser dye, Rhodamine B (RhB). Scale 

bars: 100 µm (b-g).  

The lasing circuits are realized by using, firstly standard soft-lithography techniques to
define the channel geometry, then imbibing with a lasing dye (RhB) through the channel
inlet and, finally, fulfilling the channels by capillary processes.

100mum



Experimental results 
Paper-based microchannels

100mum

50mum

500mum

100mum

100mum

50mum



Experimental results 
Bio-templated titanium

TiO2 from cellulose templates:
Titanium with the structure of paper

http://www.professoren.tum.de/en/zollfrank-cordt/



Disorder Vs Size



First hints about a possible RSB
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100 μm
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The Hamiltonian for Random Lasers



Problems

• Is it true that random lasers have modes?

• Do random laser modes interact?

• What can we measure ?



Modes in random lasers?



Experiments for the detection of the spatial extension 
of the RL modes

Experimental results
Random laser from paper cellulose templated 
Titanium di-oxide



Modes in random lasers

Nature Photonics, 5, 10: 615—617 (2011)



Mode 2&3:



Four modes (peaks) with FWHM = 0.2nm

Scan over 13.5X13.5 micron
Resolution 0.45 micron
Pump energy 10 muJ

The fiber moves and 
scans the emission 
from the sample with a 
resolution < 1 micron



Do random laser modes
interact?



Experiment to measure RL interaction

Nat Commun, 4: 1740 (2013)





Which is the interaction length?



Measure of the Overlap?

• The spectra are determined by the amplitude and the phases of the mode

• The spectra fluctuate

• The phases determine the fluctuations 

• We measure the overlap of the fluctuations of the spectra
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No RSB



RSB

100 μm
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Replica symmetry breaking: identical
systems under identical conditions may
reach different states. This effect is revealed
by the shape of the probability distribution
function of an order parameter named the
Parisi overlap. Here we investigate pulse-to-
pulse fluctuations in random lasers, we
introduce and measure the analogue of the
Parisi overlap in independent experimental
realizations of the same disordered sample,
and we find that the distribution function
yields evidence of a transition to a glassy
light phase compatible with a replica
symmetry breaking.



Open issues

• Direct measurement of phases and amplitude of the modes?

• Direct measurement of the couplings J?

• Accurate measurement of the P(q) to assess a Full RSB

• ………… many publications over the years



The Best Publication: 
the facebook page of Giorgio!

Thanks !

www.complexlight.org VANGUARD 664782


