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Is Our Universe Expanding Dynamics Fractional Order?

@ Before the time of Einstein:

Static (Cosmological Constant)
& Since1929 (Edwin Hubble):
Expanding
€ Sincel998 (Riess et al. & Perlmutter et al.):
Accelerating (Dark Energy)
€ Today:
Accelerating Law---Fractional Calculus
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How to Measure Our Expanding Universe?

Models of the Expanding Universe
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Figure credit: Dr. Adam G. Riess
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Type Ia Supenovae (SNIa)--- Standard Candle

Type la Supernovae

An explosion resulting from the thermonuclear
detonation of a White Dwarf Star.

Distance measurement :
The relative age of the Universe at the time of the supernova explosion

Redshift measurement:
The growth factor of the Universe at the time a supernova exploded

Hub

b I e i a g ra m Figure credit: Dr. Adam G. Riess
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This relationship between distance
modulus and redshift can be considered
as a purely kinematic record of the
universe’s expansion history.

That is to say, the relative positions of
galaxies can tell us whether the
universe was ever accelerating or
decelerating, regardless of its cause.

A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced



UCME%ED Slide-9/1024 MG

Findings:
Hubble’s Data Hubble showed that galaxies recede
from us in all directions and more
distant ones recede more rapidly in
proportion to their distance.

/ The Universe is expanding!
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“Fractional Order Thinking”

IS OUR UNIVERSE EXPANDING
DYNAMICS FRACTIONAL ORDER?

WHAT IS THE BENEFIT BY USING
FRACTIONAL CALCULUS?
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Mittag-Leffer function:

E_3(t) = ., R > 0.08]) >0
s0=3 rraray R > ORO)
3—1 ga#
1" BaglEA )i} =
g{ 5’8( ) 5} St’l' :F )t
Special cases:
1 exp(t) — 1
Fo1(t) = vt Ei1(t) = exp(t), FEiat)= y
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Approach: f(t) = Kt® 'E,.(—Xt%), (1<a<?2)

!

£(t) = ] W(n)g(t — )dr

; .
Where ¢(t) = —t° 2El,a—1( = -J—z-t) and
Y (75

Py el . AL R . . SeE. 0 deee . ... R

\_ Dgy(t) + Ay(t) =0, »(0)=v1, y'(0) =y
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Dataset:  [x(k),u(k)]

Fitting function: [z(k), f(¥)]

f(t) = Kt* 'E o(—Mt%), (1<a<?2)

Aim: J =min \/Zig—(}l (f(k) — p(k))”
580

580: Number of the type Ia supernovae up to date
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Error
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Matlab Codes

options=optimset ( TelX , 1e-15,  TolFun , le—-15):

z=importdata( z. mat’ ):

mu=importdata ( mu. mat’ );

[x, FVAL, EXITFLAG] =fminsearch(@(x) mlf scpix mu,z), [1,2,1.1], options)
K=x(1):lambda=x(2) :alpha=x(3) ;

y=mlf (alpha, alpha, —lambda*z. "alpha) :

function [J]l=mlf scp(x, v0, z)
K=x(1):lamhda=x{2);alpha=x(3):

y=K*y. *z. ~(alpha—1): M
N=length (y0):

figure;

scatter (z, mu) y=mlf (alpha, alpha, ~lambda%*z. "alpha):
hold on y=K*y. *z. “(alpha-1):

I:'].C't {E; ¥ k 1 LineWidth 1 2:', _ J-:Sqr_t [: ILF_?_G:I & {F_FG:]: JIIIrII'I::I J

gsrid on;

xlabel ( Redshift 2z );ylabel ( Distance Modulus ‘mu ) ;
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Results

K = 42.7638
a = 1.0616 J — 02649
A= 95671 x 10~
f(t) = 42.7638t" % F) 4616,1.0616(—9.5671 x 107*1-7%%%)

10) = [ w(gtt = ryar

] = 42.7638 ( Jg)

Eip.0616| — —t
y 109384 U1

“Dy%"y(t) + 9.5671 x 107*y(t) =0, y(0) =v1, ¥'(0) =y
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M-L function VS Exp functlons

Fitting functions N
f1(t) = Kt E, o(—At?) 0. 26—19 3
n=1 | 1.o874 | 2

n=2 | 1.0680 | 4

n=3 | 0.5053 | 6

fa(t) = D, K;exp(—Ait) [n=4 | 0.9241 | 8
n=>5 | 2.7227 | 10
n—=1 | 0.2687 | 3
n=2 | 0.2671 | 5
n=3 | 0.2601 | 7
fa(t) = >0 Kiexp(—\it*) [n=4 | 0.2672 | O
n=>5 | 0.2674 | 11

J: Square Error, N: Number of Parameters
A Seminar "Applied Fractional Calculus" @ MESA LAB @ UC Merced
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Benefit by Using Fractional calculus

1. The evolution of expanding dynamics of our
universe obeys a Mittag-Leffler function,
meaning that the accelerating law can be
described by some fractional order differential

equation, whose solution 1s the Mittag-Leffler
function.

A Seminar "Applied Fractional Calculus" @ MESA LAB (@ UC Merced
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2. It can help the astronomers to discover new Type
Ia supernovae with high redshift according to the
proposed Mittag-Leffler function.
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3. The fitting model 1s sitmper than other models.

po =m — M =5logd;, + 25

d =4 * du
o ﬁ H(u)
= ¢f1 —I—E:)Hn_! f_ exp{—f 1+ g(u)ld In (1 —I—H)}du.

0 0

s P »
H(:):E__ 4(2) = ifa  dH ()

a H2(z)  dt =

1 5
a(t) = ﬂu{l + Ho(t — to) — EffﬂH[%(r —ty)

+ %jnHS(r — ) +0 [{f = 39)4]},

3

jt)y= +(a/a)(aja)”.
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Discussion

f(t) = Kt* 'E, o(—=2t%), (1<a<?2)

)= | ur)gte - ryar

K o—" Yo
Where ¢(t) = —t 2El,a—l(_ —f) and
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- "Dgy() + Ay(t) =0, y(0) =y, y(0) =y
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Discussion

e Variable order:
{ o — (flz'(t) J

e Distributed order:

;f‘_)
D f(t) = / o(a) DY f (1) da
9
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Thank you for
your attention!

All Questions are welcome!
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