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Magnetic colloidal systems 

Consider this ... 
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Each nanoparticie in t he chain is a single-domain nanomagnet, f ree to rotate as 

it interacts wit h neighbours and t he environment. The key question we want to 
answer is this: what is the magnetic moment distribution? Can we assign an 
"a rrow" to each particle in the chain ? 

Surpri'ingly. the torqu~ 
ca~ vanish ... ithin mome~t 

distribution, that at fi rst 
sight appear far from 
equi li brium. 

Magnetic history i, 
tnerefore important in 
predicting the moment 
distribution. 

Ground state and local minima 
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Experimental results: Electron Holography 
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[",ctron HolOj!raphy in th~ TEM 

give, u' information on the 
phase modulation of the 
electron ... ave .... hich Is 
proportional to the projected 
electromagnetic pou,ntials. 

Magnetic con"ibutio~ to the 
phase 'h ift. vi,uali,ed v .. 0.083 
radia~, pha,"" contours, 
superimpo,ed to the 

e I ectrMtatic contribution 
hlghlignti~g the nanoparticles 
position, with in the chain. 

A close·up compariso~ reveal, 

an <ati,factory agreem~~t in 
terms of number of nux line, 
and """rail appearance. 
However. fiM features are 
inco((ect~ captured. Note in 
pa rticu lar the ",,"ex· li ke 
structure empnasi,ed. which is 
predicted on the othe r ,ide of 

tne chain. Furtherm ore. return 
flux is vis i bl~ in the vacuum 
region (red polntersl 
, urround ing the ,imulated 
cha in. produced by the 
proximity of tne exit poles, with 
little correspondence to tne 
experimenta l im"i~ . 

Measuring the moment distribution 

Results 

Recon structed moments Cor respond ing simulated d ata 

The r~sult< we re obtained on a PC ... Ith a 
1.66 GH, Intel Core2Duo (1 GB RAMI. 
Computation tim e; 103s. 

The vortex is vis i bl~. other feature, are 
sti ll ... rongly re<on'tructed. 

We observe that the following 
parameter< have a rather large influence 
on the recon'truction result< ; 

• Moment< outside the field of v;"w. and 
• The e,timated radi i of the moments. 

On the other hand. the initia l moment 
di'tribution ,eems to have no "' rge 
Influenee on th~ reconst ruction. 

The problem of micromagnetism 

What is. and how do we measure, the magnetic state as a function of shape, 
material and extemal parameters? 
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Simplified LLG magnetodynamics 
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Magnetic moment In its slmple't form. th~ llG equation 
appl ied to co ll oida l ,ystems descr ibes 

the alignment of moments to the 

local field 

l direction of the loc.1 magnetic field. 

The ' ystem relaxe, from the Initial ,tate 
(random. or uniform. or assigned arbitrarily) to 
tMe final minimum ~ne rgy stat~ where al l torqu~s 
acting on each and every moment vani.h. 

We can reproduce tMe r~la .. tion to ... ard, th~ ground state by ca lculating 
ite,atively the local fi~ld generated by a given moment dlsUibution. f rom 
th is the torque, from thi' the new mom""t dl't ribution, and '0 forth unti l 
the larS""'t re,id ual torque fali, be low a given th r~shold 

Predicting the moment distribution 

'Coordinate, and radi i 
measured from the BF 
image 
' B,~1.6 T 
' Initial ,tate; uniform 

." ... ,," , vet tica l 

Re,u lt of the ,implified·llG 

'imula~on ; th~ moment 
distribution. driven by 
dipolar interaction" is ,uch 
that the torque on each 
mome~t is e •• ctly null. I.e., 

. , 
Corresponding simu~ted phase image. 
to be compa red ... ith the e<perimental 

I sh ift 

Model·based fitting 

No ulate an 

measured detector 

data improved? 

", 
The Idea i. tQ adopt. Monte·Ca,lo·type iterative 

scheme where phase image 'imulationscorre,ponding 
to different moment di'tributions are matched against 
the data. The discrepancy at any given ite,ation drives 
the va r .. tion of the moment di.tribution towards the 
next .tt~mpt, until converge~ce i, ach ;"ved . 

I Exam ple: I 

Cu rre nt guess Cand idate guess 

match? 

Measured data Simulated d ata 

Conclusions and perspectives 

Conely olano 

Measuring the magnitude .nd ori~nt.tion of each 
magnetic moment ... ithin an assembly of nanopamdes 
is a very challe~ging problem. 

With simplifying a«umptions. pred icting a likely 
configuration i, simple enough. but ' imulati ng vi. llG a 
r~al sy'tem. where NPs may not be 'pnerical. may not 
I;" on the SlIme plan~, may int~,"ct not on~ 
magnetostatically. and may have anisot,op;", etc., Is 
likely to produce diffe re~t moment con~guration, than 
tnose observed. 

The LLG simulation. howev~'. has value In that It may 
repre<ent a reali,1\c initial condition that ca~ be fed 
into more sophisticated algorithm, ,uch a, model· 

based fitting . 

To increase th~ leve l of "'.Ii'm . ... e may have to carry 
out 3D simulation, whe re pa rtic,,",s are po.itioned at 

different heignts. 

Can we get from projected induction maps like this I 

to quantitative map' of the moment di 'tr ibution ... ithin 
colloidal system, .... here ... e can • .,ign an arro ... (with 
correct length) to each .nd eve,y ' ystem component. as 
,!<etched on the left? 

As a way to achieve th is goal • ... e have , tarted developing 
a mod~l ·ba,ed fitting algorithm. While the first re,u ~s 
are e~cou,"ging. ,""vetallssue, need to be addre,sed. In 
pa rticular, ... e plan to: 

' let the magnitude of each moment be a varl.ble in the 
Monte·Carto algorithm 
, U,e data without moments outside the field of v ...... 


