Urceni sil pusobicich na castici
levitujici v optické pinzete

Martin Siler



Opticka pinzeta

silové ucinky svétla
= |laser fokusovany do mikroskopu
= biologie, rheologie, statisticka fyzika, méreni sil, tazny paprsek, ...

= Simulink v realité
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Opticka pinzeta
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Opticke levitace
Ve vode Ve vakuu

el U

= harmonicky oscilator
« m& + & + mQ*z = n(t), random force (n(t)n(t'))
= izolovany od okoli
« (Qfactor az do 10°




Kvantové makroskopicke objekty

= mZ + v& + mQ°z = n(t), ndhodna sila (n(t)n(t')) = 2vkpTed(t — t')$

= tlumeni a nahodné buzeni jsou spojeny

= je mozné zvysit tlumeni yx a nechat stejné buzeni ‘zi
:

90:10 (reflection:transmission)

Delic¢ U. et al., Science 367, 892-895 (2020)
Tebenjohans F. et al., Nature Vol 595, 378 (2021)
Kamba M. et al. Opt Express 30, 26716 (2022)
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Characterizace levitujici castice a pasti

mi +y& = F(z) +n(t; T, v, m),
hmotnost m : polomér £+ 10%, hustota £ 20%

tlumeni vy: model - tlak 4= 30%, teplota, akomodace
opticka sila F': aberace, nepresnosti, nelinearity

teplota 1': prostredi, Castice se zahreje, nerovnovazny systém
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Spektralni hustota energie a Boltzmanovo rozdeéleni

= Fourierova transformace trajektorie = rekonstrukce pravdepodobnosti
= harmonicky oscilator = potencial
2kg T T Ul(x)
P, (w) =~ P(z) = Llex ( )
xa:( ) m (w2—Q§)2+I‘2w2 ( ) N 1% kpT
B |
R === = v~ e, M%

I | 1 | i P
101 10

=
&
time [T]

= Mnhozstvi dat

= Stacionarni stav

= PSD jen pro 1 typ sily

U kgT]
o = N WO

= Teplota / hmotnost Az [
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BEEPSIS

= Newtonovy zakony (pohybova rovnice)

mZ +y& = F(z) +n(t;T,v,m)

\ |

Bayes Estimation of Experimental Parameters in Stochatic Inertial Systems

Initial state t=0, (x,, v,)
final state t,, (x4, v4)

>

Probablity of
transition

Probablity of trajectory
) for given force

P(T|F)

\/

Bayes theorem

\/

Probability of force
for mesured trajectory

P(T|F)

\/

Maximal likehood
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BEEPSIS vstupy

= trajektorie T

WowWwr

= merime jen polohy
= vyhnout se aproximacim rychlosti

= setrvacnost + jen pozice =
ne-Markovovsky proces

= chyby v detekci
= pocet bod(l trajektorie (102 — 10)
= samplovaci frekvence

= sila je konstantni behem jednoho kroku

1S. Tuerkcan et al., BIOPHYSICAL JOURNAL 102, 2288 (2012).
2L. Perez Garcia et al., NATURE COMMUNICATIONS 9, 5166 (2018).
3F. Ferretti et al., PHYSICAL REVIEW X 10, 031018 (2020).
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Matematika

m Probability of trajectory 7

L
1 1
P(T|\F,I',T) = X exp { — — m; ,(C Y imj, ¢,
[(27T)LdetC]N/2 2 n::l:Z,’g, iJzzl zj .

m misfits

F(x;)T (1 _ e—r—r)

m; — i1 — L4 (]. -+ e_FT) -+ a'?@j_le_FT
ml’

B covariance matrix

(o 2 g I
oo e b a = 2%?[FT—1+(FT—+—1)E_2FT:|1
C =
b o = %g[l—QFTe—PT—e—?FT].
\ o T e

m DetectionerrorC — C + ¥
m Maximum likehood estimation — minimization

LN N 1 L
S=—logP(T|F,T',T) = > log 27 + - log det C' + 5 Z Z mi,n(c_l)ijmj,n

n=x,y,...1,j=1

D. Sivia et al., (Oxford University Press, 2006).
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MATLAB

= problém: Kovariancni matice (IV — 2) x (N — 2) /
= 100 < N < 107
= 3 (5) diagonal pasova matice

= potrebujeme logdetC am.'(C\m) |

= ridké matice (sparse)
= inicializace matice > vypocet

= CUDA + sparse

= opéet probléemy iinicializaci a transferem dat
= Choleského dekompozice C = L'L (trojuhelnikové matice)

= choleski + pasova matice = pasové matice
= MATLAB nema funkce

= MATLAB central existuje vhodna (pomalé)
= prepsatdoC
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BEEPSIS presnost

m Simulated trajectories
mF=-mQiw

a Q0. Ty, Ty randomly selected . @
m 10* trajectories simulated

. . . N Accuracy ‘T‘ Accuracy J/ Accuracy J ﬂ.ccuraqr
m number of points per period + trajectory length M Precsion precisin N Precsion J, Precison
a 5o b 50 ) C 50
3
20 | 20 20
= = =
10 i 10 i 10 ]
s ] s 5 ¥ ' ‘ -
I | D (%%} | <> fTu} ST [ (T/T,) ;.Lc——|—l——l ¥ 0.8 ="
@D /) ‘ ;_F;-r;{rpfru} t‘-"”’ | t."'f)(T "T I I I |
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Lﬂ Lﬂ Lﬂ

M. Siler et al., Physical Review Applied 19, 064059 (2023). = = = = = 9©acC
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BEEPSIS opticka pinzeta

m Duffing force F' = —mQf (1 — £x?)

a c 93 T —
BEEPSIS . d = 170 nm
92.5 PSD -
o boE m NA=0.7
N
T
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91
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08 10°
L [points]

BD
BEEPSIS

@,

X [pm]

M. Siler et al., Physical Review Applied 19, 064059 (2023).

dual beam trap
d =600 nm

force in 11 points
+ spline interpolation

Tex = 229 K — bigger particle

Pi > Ptheory
— different pressure (25%)

time dependent force f = 250 Hz

amplitude of driving new
parameter
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BEEPSIS kod

m https://github.com/leviphot/BEEPSIS

O 8 hups

github_com/leviy

Pull requests Issues Codespaces Marketplace Explore

& leviphot / BEEPSIS ' Public @ Pin

<» Code

#
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i

0
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0

) 1ssues [ Pullrequests () Actions [ Projeas [0 wiki @ Security |~ Insights 8 Settings

@
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o
&

& unwatech 1~ - * <rar

main =} 1branch 0 tags Gotofile  Add file - About B

martin-siler typo in beepsis.m p719ct8 3 hours ago  §5) 3 commit

CHANGES.md first commut 22 hours ago
LICENSE.md first commit 22 hours ago
README.md first commit 22 hours ago
beepsis.m ypo in beepsis.m 3 hours age
beepsis_bin.m first commit 22 hours agc
beepsis_ndbin.m first commit 22 hours age
numhessian.m forgotten function numhessian.m 3 hours age
solveBeepsisArg.cpp first commit 22 hours age
README.md p

BEEPSIS: Bayes estimation of experimental
parameters in stochastic inertial systems

Functiens in BEPPESIS package (beeepsis.m, beepsis_bin.m, and beepsis_ndbin.m) estimate the parameters
influencing motion of a particle(s) in inertial system with random force. One can estimate the force profile,
damping coefficient as well as the temperature of surrounding medium using a position only record of the
particle trajectory. For details see REFERENCE HERE

No description, website, or topics
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Languages
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MATLAB zajimavosti
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MATLAB zajimavosti
Barvy

Xx = linspace (0, 4*pi, 201);
Yy = sin(x);

plot(x, y)
plot(x(10:10:end),y(1l0:10:end), 'o0o' )
plot(x, 0*Xx)

hold off
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MATLAB zajimavosti
Barvy

clist = get(gca, 'ColorOrder');

plot(x, vy)

hold on

plot (x(10:10:end),y(10:10:end
plot (x, O*Xx)

hold off
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MATLAB zajimavosti

Barvy R

plot(x, vy)

hold on

ax.ColorOrderIndex = ax.ColorOrderIndex-1;
plot (x(10:10:end),y(10:10:end), 'o' )

plot (x, 0*x)

hold off
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MATLAB zajimavosti

Barvy

= gca;
hold on
ax.ColorOrderIndex = 7; 49 » color v X
plot(x, V) Standard Colors |§]E|
EEDEEEN
L AEEEDN
1 BEEE T T
sl _ ER EEEE
. Recent Colors
el _ TTTIEL
’ 4 Preview
0.2 | | ok || cancel | >
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0.2 R
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0 14

plot (x(10:10:end),y(10:10:end), 'o' )
plot (x, 0O*X) 17 /19



MATLAB zajimavosti
Barvy

ax = gcaj;
hold o©n

axTool.setColor(7)

plot(x, y)

axTool.prevColor;
plot(x(10:10:end),y(10:10:end), 'o' )
axTool.extendCList

plot (x, 0*x, 'Coclor',axToecl.Color(ll))
hold off
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MATLAB zajimavosti

Barvy
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MATLAB zajimavosti
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MATLAB zajimavosti
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