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M Abstract: Cytoskeletal proteins and motor proteins are powering various movements of
living cells such as cell deformation, inner transport, migration, division and so on. Inspired from
the cooperative behaviors of these powering molecules in natural system, I have been developing
active materials employing kinesin and microtubule which are representative combination of
motor protein and the rail. So far, based on a method to reproduce sliding movements of
microtubules by kinesins decorated on a glass substrate, methods to scale up the motions by
forming network structure of the moving microtubules has been established. Here, attempts to
clarify the uniqueness of movements and to measure the forces generated by the networked
microtubules driven by kinesins are reported with aim to improve the functionality for future

applications.
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Measuring Vertical Density Profiles of the Earth’ s Upper Atmosphere using X-Ray Astronomy Satellites:
Investigation of the Long-Term Trend
BHE ¥ (Satoru KATSUDA)

HTARRERE Bh# (BRISAODFZEEM X #R - RN T i M BRAEIR)

We present long-term density trends of the Earth's upper atmosphere at altitudes
between 71 and 113 km, based on atmospheric occultations of the Crab Nebula observed
with X-ray astronomy satellites, ASCA, RXTE, Suzaku, NuSTAR, and Hitomi. The
combination of the five satellites provides a time period of 28 yr from 1994 to 2022. We
obtain four sets (two seasons by two local times) of density trends at each altitude layer.
We consider variations due to a linear trend and the 11-yr solar cycle using linear
regression techniques. Because we do not see significant differences among the four
trends, we combine them to provide a single vertical profile of trend slopes. We find a
negative density trend of roughly -5 %/decade at every altitude.  This is in reasonable
agreement with inferences from settling rate of the upper atmosphere. In the 100-110 km
altitude, we found an exceptionally high density decline of about -12 %/decade. This peak
may be the first observational evidence for strong cooling due to water vapor and ozone
near 110 km, which was first identified in a numerical simulation by Akmaev et al. (2006).
Further observations and numerical simulations with suitable input parameters are
needed to establish this feature.
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Nuclear data for Fission Fragments deduced from Time-dependent Mean-Field Theory

JTi% {&—BE  (Shuichiro EBATA)

BT SRR 7E R

B (WERTFEM) - SEBIER

We investigate the initial configuration dependence of the nuclear dynamics forming the charge
polarization (CP) of fission fragments (FF). The target fission system is 235U induced thermal neutron,
namely, 236U fission reaction. Our previous studies showed that the finite CP around symmetric fission
appears in the static mean-field model calculations, although the CP was not enough in light and heavy
FFs. The finite CP of light and heavy FF compiled in the evaluated data library (Wahl systematics) is
essential to reproduce neutron yield in the nuclear reactor, which indicates a key to describing fission
reaction. We consider the initial configuration of the canonical-basis time-dependent Hartree-Fock-
Bogoliubov theory. We report that the results with the initial conditions on equal energy show the finite

CPs of light and heavy FFs.
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Analyticity of the Lyapunov exponent of meromophic monotonic cocycles
Yuki Takahashi

Assistant Professor, Department of Mathematics

1. Quasiperiodic cocycles

Let a € (0,1) \Q and X = R/Z. Given a map A : X — SL(2,R), the skew product map on X x R?
given by (x,v) — (z + «, A(z) - v) is called a quasiperiodic cocycle. Quasiperiodic cocycles appear naturally
in the study of quasiperiodic Schrodinger operators. See, e.g., [2] and references therein.

In [1] the authors considered analytic monotonic cocycles, and showed that the Lyapunov exponent is
analytic. I extended their result to the case that the monotonic cocycle is meromorphic. For the proof I
relied heavily on the techniques in [1].

2. Meromorphic monotonic cocycles
DEFINITION 2.1. Let P C X be a finite set and A : X ~ P — SL(2,R) be a map such that

(i) there exists an open set U C C/Z with X C U such that the entries of A have meromorphic
extensions to U;

(ii) the union of the poles of the entries on U is P.

Then we say that A(-) is meromorphic and call P the poles of A.
EXAMPLE 2.1. Any analytic map A : X — SL(2,R) is meromorphic.

EXAMPLE 2.2. For F € R and A € R, let

E — Atanmx —1
AE(x)z ( 1 0).

Then it is easy to see that A”(-) is meromorphic.

DEFINITION 2.2. Let A(-) be meromorphic and P be the poles of A. We say that A is monotonic if
for every y € R? the derivative of the argument of A(z) -y has positive derivative with respect to z at all

ze X \P.
ExXaMPLE 2.3. It is easy to see that for any E € R, the quasiperiodic cocycle
(z,v) = (z + 20, AP (2 + ) AP (z) - v)
is monotonic.

EXAMPLE 2.4. Assume that

sinx cosz

Alr) = (cosx —sinx) .

Then A(:) is analytic (and hence meromorphic) and apparently monotonic.
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3. Lyapunov exponent

Let p be the Lebesgue measure on X. For a measurable map A : X — SL(2,R) with

/bmmmwmm<m
X

we denote
Ap(z) = Az + (n — Da) - Alx + o) A(z).
The Lyapunov exponent is defined by

£A) = Jim ~ [ oz |4,@)] du(o).

n—o00 N

Alw) = (g 192)

2n 0
we have that ||A,(x)|| = 2". Therefore, L(A) = log 2.

ExAMPLE 3.1. Assume that

for all x € X. Then since

EXAMPLE 3.2. Assume that

Alr) = (cosx —sina:) .

sinx cosw
Then it is easy to see that || A, (z)|| = 1. Therefore, L(A) = 0.

In fact, it is well known that if A(z) = M for all x € X, then the Lyapunov exponent corresponds with
the spectral radius of M.

4. Main result
I obtained the following result:

THEOREM 4.1. Let J C R be a compact interval and P C X be a finite set. Assume that for all s € J,
As(+) is monotonic and meromorphic with poles P. Assume further that s — As(x) is analytic on J for all
x € X NP. Then s — L(As) is analytic.

5. Application to the quasiperiodic operators with meromorphic monotone potentials
The motivation of our problem is the quasiperiodic Schrodinger operators that have meromorphic mono-
tone potentials. Let P C X be a finite set and f : X . P — R be a monotonic map such that

(1) there exists an open set U C C/Z with X C U such that f has meromorphic extensions to U
(ii) the union of the poles of f on U is P.

Let
AP () = (E *1f(95) 01) )

where E € R. The quasiperiodic Schrédinger operator H : [?(Z) — [?(Z) with potential f is given by the
following:
(Hy)(n) =¢(n+1) +d(n—1) + f(n)d(n).

The associated (time-independent) Schrodinger equation is given by

P(n+1)+¢(n—1) + f(n)¢(n) = Ep(n),

(7/1(1;2(::)1)) — AP (z) (1/)(%(?)1)) .

Therefore, the study of the quasiperiodic Schrédinger operator is intimately related to the study of the
quasiperiodic cocycle (x,v) = (z + o, A¥(z) - v), which is called the Schridinger cocycle. Let L(E) be the
Lyapunov exponent.

which is equivalent to
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When the map f is given by f(z) = Atan 7z, the associated Schrédinger operator is called the Maryland
model. See e.g., [4]. For the recent developments of quasiperiodic Schrodinger operators with unbounded
monotone potentials, see e.g., [3] and references therein.

It is easy to see that the quasiperiodic cocycle

(z,v) = (@ + 20, AP (2 + a) AP (z) - v)
is monotonic. Therefore, the following is a direct consequence of Theorm 4.1.

THEOREM b5.1. The Lyapunov exponent L(E) is analytic.
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lSums and products of Cantor sets and separable
two-dimensional quasicrystal models |

iEiwaEsd
Spectral theory, dynamical systems and fractal geom-
etry
(W75 DINE]
The previous year I conducted research on quasiperi-
odic cocycles, especially on the Lyapunov exponent
Let 0 < a < 1 be irra-
tional and let X = R/Z. Given a map 4 : X —
SL(2,R), the skew product map on X x R? given by

of meromorphic cocycles.

(z,v) = (z + a, A(z) - v) is called a quasiperiodic co-
cycle. Quasiperiodic cocycles appear naturally in the
study of quasiperiodic Schrodinger operators.

It is well-known that for any x € X the limit
1

lim —log||A(z+ (n—1)a) - A(z + a)A(x)]|
n—oo N

exists and is independent of x € X. We call the limit
the Lyapunov exponent of A(-). For example, if we
have that

2 0

AD=10 1

for all x € X, then the Lyapunov exponent is equal
to log2. Roughly speaking, the Lyapunov exponent
measures how much the system grows under the iter-

ation.

28

I considered one-parameter family of meromor-
phic monotonic cocycles. One example of meromor-

phic monotonic cocycle is

g, [E-f@) -1
A% (x) = . NE

where f is monotonic and meromorphic. In 2015,
Avila and Krikorian showed that the Lyapunov expo-
nent of one-parameter family of analytic monotonic
cocycles is analytic. I applied their the techniques and
showed that the Lyapunov exponent of one-parameter
family of meromorphic monotonic cocycles is analytic.

The motivation of the above question is the
quasiperiodic Schrodinger operators that have mero-
morphic monotonic potentials. Let f : X — R be

a monotonic map that has meromorphic extensions.

The time-independent Schrodinger equation is given

by
Y(n+1)+(n—1)+ f(n)(n) = Ei(n),
which is equivalent to

P(n+1) ¥(n)
P(n) P(n—1)

Therefore, the study of the quasiperiodic Schrédinger

= AP (z)

operator is intimately related to the study of the
quasiperiodic cocycle (z,v) — (v+a, A¥(z)-v), which

is called the Schrodinger cocycle.

A1 3 A DIFFE AR

[FiSC (Eaeh)]

[1] Y. Takahashi, Analyticity of the Lyapunov expo-
nent of meromorphic monotonic cocycles, to appear

in Dynamical Systems.
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