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Many mod ern ma te ri als ex hibit a con sid er able por tion of
struc tural dis or der, play ing a key role in their functi -
onalities. Rou tine crys tal lo graphic struc ture so lu tions
based on po si tions and in te grated in ten si ties of Bragg
peaks only re veal their av er age struc ture. In or der to ac cess
the de tails of lo cal atomic ar range ments and their short-
 range cor re la tions one has to study the shape of the Bragg
lines and the dif fuse scat ter ing be low and be tween them.

Un for tu nately there does not ex ist any di rect pro ce dure
per mit ting to ex tract such in for ma tion from the ob served
dif fuse in ten si ties. The only way is to com pare modelbased 
cal cu lated in ten si ties with the ob served ones. The prog ress
in com put ing tech niques in last de cades per mits to pro duce
re al is tic mod els of crys tal line lat tices on nanometer scale
by a va ri ety of ap proaches rang ing from ab in itio DFT
meth ods via mo lec u lar dy nam ics (MD) to phase-field mod -
els based on clas si cal phe nom en ol ogy (Lan dau for mal -
ism). Al ter na tively, one may ap proach the prob lem by
re verse Monte-Carlo (RMC) mod el ling the dis place ment
pat tern in a supercell with out mak ing any as sump tions on
its or i gin.

With this prog ress in place the bot tle neck has shifted
from cal cu lat ing supercell mod els with ad e quate dis place -
ment pat terns to gen er at ing the cor re spond ing dif fuse scat -
ter ing dis tri bu tions in re cip ro cal space. The prin ci pal is sue
be ing the fact that scat ter ing am pli tudes from a lat tice with
dis placed at oms can not be summed up us ing fast Fou rier
trans form al go rithms (FFT) be cause of the dis place ment

phase fac tor exp(-iQR) be ing Q-de pend ent. For this rea son
many ef forts in re cent years have been re stricted to sim ple
mod els on small supercells, which made the di rect (na ive)
sum ma tion of the Fou rier se ries vi a ble [1,2], or to more in -
volved mod els and RMC anal y sis of the pair dis tri bu tion
func tions (PDF) [3-5], where the  sum ma tion problém is re -
duced to a sin gle di men sion.

In this pre sen ta tion we will in tro duce a novel ap proach
[6] per mit ting to ad dress this prob lem and to  gen er ate dif -
fracted in ten si ties from model supercells con tain ing 106 at -
oms on sec onds time scale. Even the com pu ta tion of

dy namic scat ter ing func tions S(Q, w) ne ces si tat ing to han -
dle "movie" se quences of thou sands of frames for the fre -
quency trans form can be ad dressed in an in ter ac tive
man ner.
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Shortly af ter the first dif frac tion lim ited syn chro tron source 
was built in Swe den, the ESRF up grade took place and
with this the sec ond mod ern stor age ring en tered op er a tion
in Eu rope. The next one be ing the Swiss Light Source in
2025 we can ask the ques tion what are the im pli ca tions of
the new tech nol ogy for X-ray im ag ing. I will ap proach this
ques tion from var i ous view points in clud ing a dis cus sion
about the op por tu ni ties of fered by the higher spa tial co her -

ence for nano and microtomography meth ods de vel op -
ment. Through se lected sci ence cases I will at tempt to
in di cate cur rent trends in im ag ing meth ods de vel op ment.
Be side these trends in novel ac qui si tion and re con struc tion  
meth ods the weak est el e ment in the workflow re mains
mul ti di men sional im age anal y sis, there fore I will con clude
with com ment ing on this as pect of syn chro tron im ag ing.
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First MHz rate fourth gen er a tion hard X-ray XFEL source
Eu ro pean XFEL [1] pro vide unique op por tu nity for char -
ac teri sa tion of sto chas tic dy nam ics oc cur ring in var i ous
sys tems ei ther nat u rally or re sponse is stim u lated by an ex -
ter nal force. High rep e ti tion rate of pulses (up to 4.5 MHz)
to gether with high flux per pulse al low to re cord pro jected
X-ray ra dio grams of dy namic sam ples and im age more
then mil lion frames per sec ond with high spatio-tem po ral
res o lu tion. Each such frame is il lu mi nated us ing ultrashort
ex po sure (fs scale) given by the X-ray pulse du ra tion pro -
vid ing “frozen in time” snap shots of sto chas tic phe nom -
ena. This en able to film fast sto chas tic pro cesses in di vid ual 
reali sa tions in slow smooth mo tion. Ex per i men tal con fig u -
ra tion of pro jec tion X-ray ra di og ra phy is shown on Fig.1.
More over, EuXFEL SASE1 undulator gen er ate X-ray
pulses with three or ders higher num ber of pho tons per
pulse (1012 pho tons) as com pared to synchrotrons reach ing
hard X-ray range up to 24keV with ~20eV band width. This 

unique per for mance al lows for im ple men ta tion of X-ray
beam split ting schemes of multiprotection mi cros copy to
ob tain 3D snap shots per sin gle pulse of dy namic ob jects
sam pled at MHz rate. We will pres ent ap pli ca tions of re -
cently de vel oped MHz XFEL pro jec tion X-ray mi cros copy 
[2] ap plied for study of in dus tri ally rel e vant fluidic sys tem
be hav ing stochastically and we will pres ent ex per i men tal
re sults from re cent char ac teri sa tion of multi-pro jec tion
MHz X-ray which is be ing de vel oped un der EIC-Path -
finder MHz-Tomoscopy pro ject at SPB/SFX in stru ment
[3].
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Fig ure 1. Ex per i men tal ar range ment of MHz X-ray pro jec tion Mi cros copy at Eu ro pean XFEL SPB/SFX in stru ment.
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Zr-based bulk me tal lic glasses (BMGs) ex hibit ex tremely
in ter est ing me chan i cal prop er ties such as su pe rior strength
(~2 GPa), high elas tic strain limit (~2%), rel a tively low
Young’s modulus (50–100 GPa), high im pact and frac ture
tough ness, high cor ro sion re sis tance, ex cel lent formability
in the super cooled liq uid re gion, wear re sis tance and
biocompatibility [1]. Be cause of these unique prop er ties
Zr-based BMGs are emerg ing as a new class of me tal lic
ma te ri als for bio med i cal, struc tural, and func tional use. 

In den ta tion tech niques are used in many sci en tific
fields rang ing from bi ol ogy to ma te ri als sci ence and now a -
days, they are at the heart of ma te rial nanoscience. In re cent 
years the use of syn chro tron ra di a tion (SR) was in creas ing,
and many dif frac tion tech niques ap pears to be more de sir -
able [2]. High-en ergy X-ray dif frac tion pro vides an ef fec -
tive method to ob serve the changes at the atomic level
caused by me chan i cal treat ment. There fore, high-en ergy
X-ray dif frac tion can be used to map the strain fields
around an in dent. Cor re lat ing the me chan i cal prop er ties
with the struc ture on the atomic and mesoscopic scale is a
topic that prom ises a deeper un der stand ing of the rel e vant
pro cesses dur ing de for ma tion. While the phys ics in crys tal -
line ma te ri als is un der stood by large, the sit u a tion in case of 
amor phous sol ids is not ad vanced yet. There fore, the con -

nec tion of an in den ta tion and dif frac tion gives a pow er ful
tool for the de lin ea tion of com po si tion-struc ture-prop erty
re la tion ships and hence for ma te rial dis cov ery and op ti mi -
za tion.

In this con tri bu tion we pres ent map ping of strain fields
of in dented Zr-based BMG us ing high-en ergy mi cro-dif -
frac tion tech nique. High-res o lu tion spa tially re solved
scans in the vi cin ity of in dents were done both ex-situ and
in-situ.
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