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NKT PHOTONICS

Bruno Lefevre1 
1N K T  Photonics, B irkerod, D enm ark 
bruno.lefevre@nktphotonics.com

N K T Photonics [1] is the leading supplier o f  high-performance fiber lasers, fiber optic sensing 
systems, and photonic crystal fibers. Our main markets are within imaging, sensing and material 
processing. Our products include ultrafast lasers, supercontinuum white light lasers, low noise 
fiber lasers, distributed temperature sensing systems and a wide range o f  specialty fibers. N KT 
Photonics has its headquarters in Denmark with sales and service worldwide. N K T Photonics is 
wholly owned by N K T A/S.

We have lasers in space and deep under the oceans and our products run in both clean rooms 
and on oil rigs at sea. We seed the World’s largest laser fusion experiment and power hundreds o f 
the most advanced microscopes on the Globe. We aim to make a difference in the World and we 
are involved in projects that will transform the way we live through life-science, renewable energy 
and the basic understanding o f  the Universe. With over fifteen years o f  expertise, IP and 
experience, N KT Photonics strives to continually be the market leader in everything we do.

SUPERCONTINUUM  W H ITE LIG H T LASERS
The SuperK series is an industry leading range o f  turn-key supercontinuum white light lasers 
used by many o f  the most innovative companies within bio-imaging, semiconductor inspection, 
industrial metrology, and scientific instrumentation.
The sources are extremely robust and reliable, built for intensive use and can replace multiple 
single line lasers, large dye and gas lasers as well as broadband sources like ASE sources and 
SLEDs.

SCIEN TIFIC  AND IND U STRIA L ULTRAFAST LASERS
The N K T Photonics ultrafast lasers offer a wide range o f pulse lengths from femtosecond to 
picosecond and output power up to 100 W. Get variable or fixed repetition rate, single shot or 
burst mode and optimize for your application.

SIN G LE FR EQ U EN C Y  F IB E R  LASERS
The Koheras single-frequency fiber lasers are ultra-low-noise sources with longitudinal single 
mode and single-frequency operation. The lasers are based on a D FB  design ensuring robust and 
reliable operation. They are delivered as fully integrated systems for industrial and scientific 
applications.
Koheras offers an unprecedented low phase- and intensity noise level, very high stability, and a 
mode-hop free inherent single-frequency output — even under changing environmental 
conditions. Furthermore, we can deliver shot noise limited solutions for applications demanding 
an extra low-intensity noise level.

R EFER EN C ES
[1] http://www.nktphotonics.com
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OPTOSIGMA EU R O PE  
Light Solutions for Life

Leader in design and manufacturing o f  optical components OptoSigma Europe offers a variety 
o f  products to address the demand o f high-quality photonics components.

OptoSigma Europe, a subsidiary o f SIG M A KO KI, was established in Europe in early 2014 to 
provide support to our distributors and get closer to the European customers. Our group 
possesses more than 40 years o f experience in manufacturing high quality optics. Thanks to the 
rich Japanese know-how we have cultivated over the years, high quality products at an affordable 
price are available for any customer. Our optics portfolio includes all kind o f optics such as 
mirrors, beamsplitters, lenses, polarizers, filters among others. Our portfolio also includes a wide 
variety o f opto-mechanics products to hold all kind o f  optics, as well as motorized and manual 
stages, optical tables and most o f the building blocks for photonics applications.

We answer not only to usual orders o f  standard products, but we are also strongly active in 
custom problems solving, for both single items and complex projects, for which a team o f 
technical sales is ready to answer.
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Dear Colleagues, friends o f photonics,

We are honored by your participation at our PHOTONICA2019 and your contribution to the 
tradition o f this event. It is our pleasure to host you in Belgrade and in Serbia. Welcome to the 
world o f photonics.

T h e  International School and Conference on Photonics - P H O T O N IC A , is a biennial 
event held in Belgrade since 2007. The first meeting in the series was called ISCOM 
(International School and Conference on Optics and Optical Materials), but it was later renamed 
to PH O TO N ICA to reflect more clearly the aims o f the event as a forum for education o f young 
scientists, exchanging new knowledge and ideas, and fostering collaboration between scientists 
working within emerging areas o f photonic science and technology. A particular educational 
feature o f the program is to enable students and young researchers to benefit from the event, by 
providing introductory lectures preceding the most recent results in many topics covered by the 
regular talks. In other words, tutorial and keynote speakers will give lectures specifically designed 
for students and young scientists starting in this field. Apart from the oral presentations, 
PH O TO N ICA hosts vibrant poster sessions. A significant number o f best posters will be 
selected and the authors will have opportunity to present their work through short oral 
presentations — contributed talks.

The wish o f  the organizers is to provide a platform for discussing new developments and 
concepts within various disciplines o f photonics, by bringing together researchers from academia, 
government and industrial laboratories for scientific interaction, the showcasing o f new results in 
the relevant fields and debate on future trends. In order to boost transfer o f light technologies 
from academia to industry, mixing it with a useful knowledge from IT  sector, for the first time 
we organize a satellite event - „Machine learning with Photonics“, which will be realized in the 
form o f a special symposium. The field o f machine learning potentially brings a new set o f 
powerful tools to optical communications and photonics. The symposium will comprise several 
topics related to the applications o f machine-learning techniques to the physical and networking 
layers, as well as to non-telecom applications such as biomedical matter and basic concepts of 
machine learning principles. We expect that these attractive talks will entice young researchers 
and engineers from the IT  sector and target bigger companies to direct their business plans 
towards innovations in photonics. Additionally, PHOTONICA2019 will include ESU O  Regional 
workshop and COST action “Quantum Technologies with Ultra-Cold Atoms - Atom QT” with 
the main objective to promote knowledge in various disciplines o f photonics.

In addition, the representatives o f the companies related to photonics will have significant 
role at the event by presenting the new trends in research and development sector. Following the 
official program, the participants will also have plenty o f opportunities to mix and network 
outside o f the lecture theatre with planned free time and social events.

This book contains 181 abstracts o f all presentations at the V II International School and 
Conference on Photonics, PHOTONICA2019. Authors from all around the world will present 
their work at this event. PHOTONICA2019 will host four tutorial and six keynote lectures to the 
benefit o f students and early stage researches. The most recent results in various research fields 
o f photonics will be presented through eighteen invited lectures and twelve progress reports of 
early stage researchers. Within the three poster sessions and a number o f contributed talks, 
authors will present 100 poster presentations on their new results in a cozy atmosphere o f the 
building o f  Serbian Academy o f  Science and Arts.

Belgrade, July 2019 
Editors
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and  tra n sp o rt p ro p erties  th a t stro n gly  d ep en d  o n  th e ir  size , m o rp h o lo g y  and  su rface  ch em istry . 
M o d ifica tio n  o f  n a n o p a rtic le  su rfaces b y  co n ju g a tio n  w ith  m o le cu le s  p resen ts  a  c o n v e n ie n t 
m e th o d  o f  a lter in g  a  w ide range o f  p h y s ico ch e m ica l ch a ra cteris tics  o f  th e  n a n o m a te ria ls , w h ich  

d o es n o t  requ ire  d ev e lo p m en t o f  n ew  sy n th etic  p ro ced u res . F u r th e rm o re , b y  a  p ro p e r  ch o ic e  o f  
m o le cu le s  u sed  in  su rface  m o d ifica tio n , ad d itional p ro p erties  o f  th e  h y b rid  n a n o stru ctu re s  can  b e  
ach iev ed , w h ich  co u ld  n o t  b e  fo u n d  in  th e  startin g  m ateria ls. In  th is lec tu re , w e w ill p re se n t th e  
se lected  resu lts o f  o u r in v estig ation s o n  hyb rid  n a n o stru ctu re s  co m p rise d  o f  n o b le  m eta l and 
m eta l o x id e  n a n o m a teria ls  fu n ctio n a liz ed  b y  b io lo g ica lly  re lev a n t m o le cu le s . P a rticu la r a tte n tio n  
w ill b e  g iv en  to  th e  v a cu u m -u ltra v io le t a n g le-reso lv ed  p h o to e le c tro n  sp e c tro sco p y  (V U V  
A R P E S )  studies o n  iso la ted  fu n ctio n a liz ed  n a n o sy stem s p e rfo rm e d  a t th e  D E S I R S  b eam lin e. T h e  
em e rg en ce  o f  th e  p h o to e le c tro n  circu lar d ich ro ism  in h y b rid  n a n o p a rtic le s  w ill b e  b rie fly  
d iscu ssed .
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C o llo id al n an o cry sta ls  (N C s) o f fe r  th e  o p p o rtu n ity  fo r  rea lisin g  n o v e l m ateria ls w ith  ta ilo red  
fu n ctio n a lities. B y  ch e m ica l sy n th esis , a  large variety  o f  se m ico n d u ctin g  and  m eta llic  N C s can  b e  
realized  [1] th a t can  b e  u sed  as e ffic ie n t lig h t em itters  [1, 2] o r  in  n o v e l b a tteries  d esigns [3].

E sp e c ia lly  an  in n er  co re/ sh e ll stru ctu re  o f  th e  sem ico n d u ctin g  N C s  lead s to  a sign ifican tly  
in crea sed  p h o to lu m in e sce n ce  o u tp u t. H e re , n o t  o n ly  the ch e m ica l and  th e  crystalline  co re/ sh e ll 
p ro file , b u t a lso  th e  N C s ’ sh ap e d eterm in es th e ir  o p tica l p e rfo rm a n ce . T h is  re la tio n  b e tw ee n  
stru ctu re  and  fu n ctio n a lity  w e hav e revealed  b y  co m b in in g  d iffe re n t sca tte r in g  te ch n iq u es  at 
sev eral sy n ch ro tro n  so u rces w ith  lo ca l sen sitiv e  m ic ro sc o p y  te ch n iq u es  [2, 4].

T h e  N C ’s sh ap e can  also sign ifican tly  in flu en ce  th e  su p er-cry sta l stru ctu re  o f  co llo id al 
su p ercrystals [1], w h ere  N C s a c t as b u ild in g  b lo c k s  to  fo rm  3 D  n an o cry sta l solids w ith  d esigned  
p ro p e rtie s . W e h av e  p ro b e d  recen tly  su ch  a se lf-a sse m b ly  w ith  in -situ  sy n ch ro tro n  S A X S  u sin g  
nearly  m o n o d isp e rse  B i  N C s  [5]. B y  co m b in in g  sy n ch ro tro n  exp erim en ts  w ith  sim u latio n s, w e are 
ab le  to  lin k  th e  su p ercrysta l stru ctu re  v ia th e  N C -sh a p e  to  th e  a to m ic  B i  crystal stru ctu re.
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T h e  h igh  p h o to n  in ten sity  and  reso lu tio n  available a t th ird  g e n era tio n  sy n ch ro tro n  u n d u la to r 

b ea m lin es  is rev ea lin g  fine  details in  th e  s o ft  x -ray  sp e ctra  o f  free  sp ecies  in th e  gas p h ase  - 
p articu larly  o f  sm all m o le cu le s . In  ad d itio n , exp erim en ta l d ev elo p m en ts  - in  p articu lar th o se  o f  
c o in c id e n ce  te ch n iq u es  - p e rm it in sig h t in th e  im p o rta n t d isso c ia tio n  p ro cesse s . T h e  h igh  
sen sitiv ity  allow s th e  e x te n s io n  o f  th e  range o f  targets — in clu d in g  a to m s, m o le cu le s , rad icals, 
v ap o rs and  clu sters . C o in c id e n ce  te ch n iq u es  give a ccess  n o t  o n ly  to  ca tio n s  and  e le c tro n s , b u t 
a lso  to  m e ta s ta b le , neu tra l and  negativ e  io n  frag m en ts.

T h e  p o ssib ilities  o ffe re d  b y  d iffe re n t types o f  e xp e rim e n ts  w ill b e  d iscu ssed  u s in g  resu lts fro m  
re c e n t stud ies. T h e  exam p les inclu de

- S ta te -se le c te d  d isso cia tiv e  io n iz a tio n  o f  sm all o rg an ic  and  b io lo g ica lly  im p o rta n t
m o le cu le s  in  th e  v a len ce  and  in n er  shell reg io n  [1, 2]. T h e  resu lts , to g e th e r  w ith
ca lcu la tio n s , ca n  b e  u sed  to  d isen tan g le  th e  d iffe ren ce s  in fra g m en ta tio n  o f  sim ilar 
m o le cu le s  e x p o sed  to  V U V  rad iatio n . In  the  co re  reg io n  co rre la tio n s  b e tw ee n  th e  c o r e ­
e x c ite d  site and  th e  p re feren tia l cleav age o f  sp e c ific  b o n d s  can  b e  studied.

- P ro d u c tio n  o f  negativ e  io n s fo llo w in g  co re  io n iz a tio n  o f  w a ter and  sm all organ ic
m o le cu le s  [3, 4]. N e g a tiv e - and  (m ultip le) p o sitiv e -io n  c o in c id e n ce  sp e c tro sco p y  ca n  b e  a 
sen sitiv e  p ro b e  o f  w eak  featu res in  th e  d ecay  and  fra g m en ta tio n  ch a n n els  o f  sm all 
m o le cu le s .

- D e te c t io n  o f  neu tra l d isso c ia tio n  p ro d u cts  - flu o re sce n ce  and  m e ta sta b le  states [5, 6] 
yields d etailed  in fo rm a tio n  n e a r in n er  shell io n iz a tio n  th resh o ld s.

F u rth e r  insights in to  th e  d ynam ics can  b e  o b ta in ed  fro m  tim e -re so lv e d  exp erim en ts . In  th e  range 
o f  io n iz in g  rad iatio n  p ro ce sse s  th e  ap p lica tio n  o f  sy n ch ro tro n -la se r  exp erim en ts  is a natural 
e x te n s io n  o f  th e  la b o ra to ry  m u lti-c o lo r  studies. P relim in ary  resu lts o f  an  o n g o in g  study o f  the  
d isso c ia tio n  d ynam ics o f  th e  g as-p h ase  dye m o lecu les  b y  tim e -re so lv e d  p h o to e le c tro n  
sp e c tro sco p y  w ill also b e  p resen ted .
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D e v e lo p m e n t o f  sy n ch ro tro n  rad ia tio n -b a sed  sp e c tro sco p y  and  m ic ro sc o p y  te ch n iq u es  has 
o p e n e d  n e w  p o ssib ilities  to  study th e  stru ctu re  and  b io ch e m ica l c o m p o s itio n  o f  o rg a n s, tissu es, 
cells and  b io m o le cu le s , w h ich  is critica l fo r  b o th  b a sic  and applied  re sea rch  [1].

I n  th is ta lk  X -ra y  a b so rp tio n  sp e c tro sco p y  and  m ic ro -X -ra y  flu o re sce n ce  m ic ro sc o p y , u sin g  
sy n ch ro tro n  rad ia tio n  a t d iffe re n t E u ro p e a n  sy n ch ro tro n  rad ia tio n  facilities [2] , w ill b e  p re sen ted  
as to o ls  to  reveal th e  m e ch a n ism s o f  m eta l u p take, a ccu m u la tio n  an d  m e ta b o lism  in fo o d -ch a in s  
to  b e tte r  u n d erstan d  m eta l to x ic ity  and  to le ra n ce  m e ch a n ism s, fo r  th e  p u rp o se  o f  risk  a ssessm e n t 
and  re s to ra tio n  o f  h eav y  m eta l p o llu ted  sites.

I n  ad d ition , fo o d  quality  and  safety  p re sen t an  im p o rta n t a sp e ct, c o n n e c te d  to  m in eral 
m a ln u tritio n  o n  o n e  site and  m eta l p o llu tio n  o n  th e  o th er . C erals as m a jo r  stap le fo o d  accu m u late  
o n ly  lo w  a m o u n ts  o f  essen tia l tra ce  e lem en ts like F e  and  Z n , w h ile  o n  the o th e r  h a n d  th ey  can  
co n ta in  e lev ated  am o u n ts o f  h azard ou s C d . D e s ig n in g  h igh  m in eral n u trien t and lo w  hazard ou s 
e le m e n t c ro p s p re se n t a  ch allen g e  fo r  m o d e rn  p la n t b reed ers. S y n ch ro tro n -b a se d  te ch n iq u es  can  
a ssist in  rev ea lin g  e le m e n t a ccu m u la tio n  and  sp ecia tio n  p attern s and  h elp  b reed ers  to  c h o o se  
su itab le  cro p  gen o ty p es.

T h e  su p p o rt b y  T h e  E u ro p e a n  S y n ch ro tro n  and  F E L  u ser o rg a n isa tio n  ( E S U O )  [3] and  the 
p ro je c t  C A L IP S O p lu s  u n d er G ra n t A g re e m e n t 7 3 0 8 7 2  fro m  th e  E U  F ra m e w o rk  P ro g ra m m e  fo r  
R e se a rch  and  In n o v a tio n  H O R I Z O N  2 0 2 0  fo r  th e  X A S  e xp e rim e n ts , and  h e  a ccess  to  
sy n ch ro tro n  rad ia tio n  facilities o f  E le ttra , P E T R A  I I I ,  E S R F ,  A lb a  and  So le il is acknow led ged .
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h ttp s:/ / w w w .w ayfo rligh t.eu / en /
[3] T h e  E u ro p e a n  S y n ch ro tro n  and  F E L  u ser o rg a n isa tio n  (E S U O ) h o m e  page: 
h ttp s:/ / w w w .w ay fo rlig h t.eu / en / u sers/ esu o /
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T h e  E u ro p e a n  S y n ch ro tro n  and  F E L  U se r  O rg a n isa tio n  (E S U O ) rep resen ts  a b o u t 2 2  0 0 0  users 
o f  the  E u ro p e a n  sy n ch ro tro n  rad iatio n  (SR ) and  F r e e -E le c tr o n  L a se r  (F E L )  fac ilities , w h ich  o f fe r  

vario u s kinds o f  e xp erim en ts  ran g in g  fro m  p h ysics o v e r  life  sc ie n ce s  up to  cu ltural heritage. 
E s ta b lish e d  in  2 0 1 0  [1], E S U O  is co m p o se d  o f  n atio n a l d elegates fro m  3 0  E u ro p e a n  m e m b e r  
states and  a sso cia ted  co u n tries  and  is h ead ed  b y  an  execu tiv e  b o a rd  o f  e ig h t m e m b ers  [2].
T h e  m issio n s  o f  E S U O  are th e fo llo w in g :
• T o  re p re sen t in terests  and  n eed s o f  all S R  and  F E L  users w o rk in g  in E u ro p e
• T o  su p p o rt facilities in  th e ir  a m b itio n s  to  crea te  equ al a cce ss  o p p o rtu n ities  fo r  sc ie n tis ts , b ased  
so lely  o n  sc ie n tific  m e rit, and  to  m ak e th is a cce ss  as sim ple as p o ssib le
• T o  e n a b le  fu tu re  stra teg ies/ fu n d in g  sch e m e s , to  crea te  equal (tran sn atio n al) a ccess  
o p p o rtu n itie s  fo r  E u ro p e a n  sc ie n tis ts , in d ep en d en tly  o f  th e ir  fin an cia l reso u rces
• T o  fo s te r  co n ta c ts  w ith  u sers in W id e n in g  and  E u ro p e a n  n e ig h b o r in g  co u n trie s , sh arin g  
k n o w led g e/ exp ertise
• T o  s tren g th en  c o o p e ra tio n  w ith  N a tio n a l U se r  O rg a n isa tio n s

• T o  in itiate co lla b o ra tio n s  / synergies w ith  u ser o rg an isa tio n s o f  o th e r  analytical facilities
In  th e p a st few  years, E S U O  has co n trib u te d  to  n e tw o rk in g  activ ities in th e  fra m ew o rk  o f  
su ccessfu lly  c o m p le te d  E u ro p e a n  F P 7  p ro je c ts  su ch  as E L I S A  (M arch  2 0 0 9 -A u g u st 2 0 1 1 ) and 
C A L IP S O  (June 2 0 1 2 -M a y  2 0 1 5 ) . T o d a y , E S U O  co n tin u es  a d v o ca tin g  th e  in terests  o f  th e  users 
in  th e  fra m ew o rk  o f  n e tw o rk in g  activ ities th a t are p art o f  th e  H O R I Z O N  2 0 2 0  p ro je c t  
C A L IP S O p lu s  [3] (M ay 2 0 1 7 -A p ril  2 0 2 1 , G ra n t A g ree m e n t N o  7 3 0 8 7 2 ) . In  th is c o n te x t , E S U O  
is in v o lv ed  in activ ities a im in g  a t fo sterin g  th e  use o f  la rg e-sca le  facilities b y  scien tists  fro m  
E a s te rn  E u ro p e  and  th e  B a ltic  c o u n trie s , at p ro m o tin g  g en d er b a la n ce  in th e  u ser co m m u n ity , 
and  at facilita tin g  th e  in te ra ctio n  b e tw e e n  less ex p e rien ced  and  esta b lish ed  users. A m o n g st 
o th e rs , th e se  activ ities w ill b e  p re sen ted  in th e p ro p o se d  c o n trib u tio n . W ith  th e  a im  to  co n trib u te  
to  sh ap in g  fu ture  re sea rch  a t E u ro p e a n  sy n ch ro tro n  and  F E L  u ser facilities , E S U O  is 
co o p e ra tin g  w ith  th e  L eagu e o f  E u ro p e a n  A cce le ra to r-b a se d  P h o to n  S o u rce s  (L E A P S ) in itiative
[4].
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W e  d em o n stra te  th e  ap p lica tio n  o f  G I S A X S  tech n iq u e  in in v estig atio n  o f  th ree -d im en sio n a l 
la ttices  o f  n a n o stru ctu re s  [1. 2]. T h e  su ccessfu l analysis o f  th ree -d im en sio n a lly  o rd ered  
n a n o stru ctu re s  d em an d s ap p lica tio n  o f  su itab le  m o d el fo r  d escrip tio n  o f  th e  n a n o stru ctu re  
ord erin g . In  o p p o site  ca se . it is p o ss ib le  to  g e t g o o d  a g reem en t b e tw ee n  th e  exp erim en ta l and  th e 
sim u lated  d ata . b u t the  p aram eters  o b ta in ed  b y  fittin g  m ay b e  co m p le te ly  in co rre c t. In  th e  lectu re  
w e exam in e  system s h a v in g  d iffe re n t types o f  n a n o stru ctu re  o rd erin g . and  w e sh o w  h o w  the 
c h o ic e  o f  th e  c o r re c t  m o d el fo r  th e  d escrip tio n  o f  o rd e rin g  in flu en ces  th e  analysis resu lts. W e 
co m p a re  several th e o re tica l m o d els  and  sh o w  h o w  to  use  G I S A X S  in in v estig atio n  o f  se lf- 
a ssem b led  arrays o f  n a n o p a rtic les  and  also in  arrays o f  n a n o stru ctu re s  o b ta in ed  b y  io n -b e a m  
tre a tm e n t o f  th in  film s o r  su rfaces. A ll th e o re tica l m o d els  are su p p o rted  b y  th e  exp erim en ta l data. 
and  the p o ssib ilities  and  lim ita tio n s o f  G I S A X S  in  d eterm in a tio n  o f  m ateria l stru ctu re  are 
d iscu ssed . T h e  free  w e b -p la tfo rm  fo r  analysis o f  G I S A X S  d ata  G isax S tu d io  w ill b e  p re sen ted  [3].
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