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avels on a neutron star surface

e.g. G.F. Bignami et al., Nature 423, 725 (2003);
F. Haberl, Ap&SS 308, 181 (2007).
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Other objects:

* RXJ1605.3+3249
* RXJ0720.4-3125

* RBS 1223
* RBS 1774
* etc

Quantum phenomena under strong gravity



Objective of our work

We consider quantum systems on the surface of a
relativistic star to investigate quantum phenomena
in the presence of both gravitational field and

electromagnetic field.
Assumptions:

« The star is rotating.

« The star has an
axisymmetric
magnetic field

« The rotational axis is

TPT aligned with the

| magnetic axis.

« Uniform magnetic
field in the polar
region




Our approach

Covariant Klein-Gordon equation
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Neglecting intrinsic spin

Post-Newton
expansion

A(X) = qf(x)exp[ i(mc? /h)]

Schrodinger equation
with relativistic corrections



-y

Approximations

" @ Slow rotation

€ Weak gravitational field = - -

_ @ Uniform magnetic field =--

Kerr parameter: a <1

GM /(CZR) <1

A

particle

<L,




Deriving non-relativistic equation

H(X) = ¥ (X) exp{—i m; t}

Metric: g,

Y]

4-Vector: A :(O, —%y, Ex, Oj




Spacetime metric

Slow rotation limit of the Kerr metric

ds® =g, dx"dx"
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_ Transformation to X =X'cosQt - y'sin Ot
i__) the surface ofa 1y =XsinQt+y cosQt
rotating star z=7'+R




Schrodinger equation with relativistic
corrections in the polar region
Neglecting the order of O(1/c?)
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Separation of variables

Cylindrical coordinates: ‘¥(r.0,z)=y(r,0)¢(2)

Vertical direction:

Horizontal direction :

(E-mU —K)y
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where

U=-GM /R, @(R)=Q-2GMa/(cR?),

ﬁe — _ihag, K = constant




Wave equation

X=p0r, &=

w(r,0)=r exp[

2m(

E-muU - K)(
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Transformation of
variables
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Confluent hypergeometric equation
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Energy eigenstates of
the horizontal component

Wave function: |y = Ar’ exp(—g rzj L (,Brz)

2?2
B= \/ q4§2 + mhqu @ (R), L,: associated Laguerre function

Eigen values:

E.. =mU+ h(§+ 2w(R)j(n +%)+ K,
m

A
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Non-inertial effects




Order estimates

As B=10°

~10"[G],M =M, R =10[km]

:—:1015 -~

_B =10"

P

w, =20 = 10°[Hz],

W, =

10°°[Hz],

~10"[Hz],

4GMa

~10%[Hz
R [Hz],

Thermal effects :

Aw, =k,T | h=10"[Hz]




Summary

We investigated quantum systems on a stellar
surface. We seriously took account of non-inertial
and gravitational effects for the quantum system
through which magnetic field penetrates.

We obtained the analytic solution for the Schrodinger
eguation with relativistic corrections.

.

Landau levels are modified by the rotational
and frame dragging effects.
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