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Development of theoretical nuclear data using the time-dependent mean field model

JLi% f&—HE  (Shuichiro EBATA)

BT 22

B (WERFE)

- LB R

We evaluate the theoretical method to describe nuclear fission fragments (FFs), focusing on their
Charge Polarization (CP). The CP is an important quantity for nuclear power plant operation, which is
one of the most evaluated values and compiled nuclear data library. Using the CPs in the statistical decay
calculation, the method is evaluated. The target fission system is uranium-235 induced thermal neutron,
namely, 230U fission reaction. Our previous studies showed that the finite CP in light and heavy FFs were
reproduced by the dynamical calculation in which the initial conditions on equal energy are employed for
the time-dependent mean-field calculations. We report that the averaged neutron multiplicity is
comparable to the current evaluated value through the Hauser-Feshbach calculations using the theoretical
CP. We conjecture the theoretical picture of nuclear fission phenomena from the presented results.
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Harmonicity of the Lyapunov exponent for monotonic cocycles

Yuki Takahashi 8
Assistant Professor, Department of Mathematics g‘

1. Lyapunov exponent

All through the argument, for the sake of clarification we do not state in the most general form.
Let A = {A;}ica be a finite collection of SL(2,R) matrices, and p = (p;)i;ea be a probability
vector. Let Xy, Xo,--- be a sequence of i.i.d. random variables associated with a probability vector
p. Then, it is well-known that the limit
L(Ap) = lim ~log || X, X1 X
n—oo N

exists with probability one. The value L is called the Lyapunov exponent.

A= (g 192) '

1
L= lim —log||A"| = log2.
n—oo M

EXAMPLE 1.1. Let
If A= {A}, then we have

EXAMPLE 1.2. Let A = {4, A2}, where

4= (i) 4= ()

Let py = po = 1/2. Then it is easy to see that the Lyapunov exponent L is log v/6.
EXAMPLE 1.3. Let A = {4, A2}, where
2 0 0 -1
= i) 2= 0)
Assume that p1,pe # 0. Then it is easy to see that the Lyapunov exponent L is 0.

EXAMPLE 1.4. Assume that all A € A are rotation matrix. Then the Lyapunov exponent is 0.
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2. Uniform hyperbolicity

Let A be a finite collection of SL(2,R) matrices. We say that A is uniformly hyperbolic if there
exists a constant v > 1 such that

[AnAp—1--- Al > "

for all n € N and A; € A. For example, it is easy to see that if all the matrices in A have positive
entries, then A is uniformly hyperbolic. It is known that if A is uniformly hyperbolic, then A is in
a sense “very stable”.

3. Random matrix products for Anderson-Bernoulli model

Random matrix products shows up naturally in the study of Anderson-Bernoulli model. For
EcRand A € R, let A = {AF AP}, where

E -1 E-Xx -1

E _ E _

w=( )= (50 )

Let p = (1/2,1/2) be the associated probability vector. Denote the density of states measure by v.

It is well-known that the density of states measure is supported on the spectrum. It is also known
that the resolvent set agrees with the set

{E| AP is uniformly hyperbolic} .
In other words, the spectrum agrees with the set
{E | AP is not uniformly hyperbolic} .

It is not hard to see that the Lyapunov exponent L(E) is subharmonic. By the Thouless formula
we have

L(E) = /log B — | dv().

This immediately implies that the Lyapunov exponent L(E) is harmonic if and only if {A¥ AP}
is uniformly hyperbolic.

4. Holomorphic family of random matrix products

Our aim is to extend the above result to more general one-parameter family of random matrix
products. Let {A7, A3} be a set of matrices that depend holomorphically on A. Furthermore, we
assume that

e for all real A, the matrices A3, A3 are all real;
e for all i = 1,2 and v € R? \ {0}, the function
A arg (A)0) (A€ UNR)

has positive derivative.
It is easy to see that this condition is satisfied in the case of Anderson-Bernoulli model. The
following is the main result in [2]:

THEOREM 4.1. The Lyapunov exponent is harmonic if and only if {AF AF} is uniformly
hyperbolic.
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5. Idea of the proof

It is not hard to show that uniform hyperbolicity of {43, A2} implies the harmonicity of the
Lyapunov exponent. To show the other implication, we need the notion of rotation number.

For each A € R, consider the projectivization of A{ (i.e., the action of A% on RP!). Let g5 be
its lift. Then the following is well-known:

PROPOSITION 5.1. There exists a non-decreasing continuous function p(-) : R = R such that
forall A €R, a.e. i =1iyis--- andt € R, the limit

. 1 i1 12 in
nll)ngoﬁg/\ 0go---0gy(t)

exists and is equal to p(N).

Then, by applying the argument developed by Beroin and Dujardin in [1], we can show that if
the Lyapunov exponent is harmonic then the rotation number p(\) “behaves well”, which implies
that {A3, A3} is uniformly hyperbolic.
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This year I conducted research on Lyapunov ex-
ponents for random products of SL(2,R) matrices.
(“Harmonocity of the Lyapunov exponent for mono-
tonic cocycles and generalized Thouless formula”,
preprint.)

Let u be a probability measure on SL(2,R), and

let X1, X5, -+ be a i.i.d. random variables with dis-

tribution p. Then, with probability one the limit
1
L= lim ~log|[X, X, 1 Xi|
n—oo N

exists. The value L > 0 is called the Lyapunov expo-
nent.

Example 1) Let

2 0
A:
0 1/2

and assume that (A) = 1. Then we have
1
L= lim —loglA"|
n—oo N

= log 2.

Example 2) Let

2 0 3 0

A= and B =
0 1/2 0 1/3

and assume that u(A) = u(B) = 1/2. Then it is easy
to see that L = log V6.

Let A be a finite collection of SL(2,R) matrices.
We say that A is uniformly hyperbolic if there exists
a constant v > 1 such that

[AnAp_1--- Al > "

for all n € N and A; € A. For example, it is easy
to see that if all matrices in A have positive entries,
then A is uniformly hyperbolic.

The main object of my study is one-parameter
family of random products of SL(2,R) matrices.
Then, it is well known that the Lyapunov exponent
is a subharmonic function.

In the above preprint, I showed that the Lya-
punov exponent is harmonic if and only if the support
of p is uniformly hyperbolic.

The motivation of this problem comes from
the study of Schrodinger cocycles. In the case of
Schrédinger cocycles, by the well known Thouless for-

mula we have

L(E) = /log |E — z|dv(zx),
where F € R is the energy, L(F) is the Lyapunov ex-

ponent and v is the density of states measure. Thou-
less formula immediately implies that the equivalence
of harmonicity of the Lyapunov exponent and the uni-
form hyperbolicity of the Schrodinger cocycle. There-
fore, my result can be considered as a generalization

of (a consequence of) Thouless formula.
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