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The magnetodynamics of inhomogeneous nuclear matter relevant for neutron star crust is considered. The
quantization effects are demonstrated to result in sharp abrupt magnetic field dependence of nuclide magnetic moments.
Accounting for inter-nuclide magnetic coupling we show that such anomalies give rise to erratic jumps in
magnetotransport of neutron star crusts. The properties of such a noise are favorably compared with burst statistics of
Soft Gamma Repeaters.

1. Introduction. Soft Gamma Repeaters and Anomalous X-ray Pulsars as Magnetars

Ultramagnetized astrophysical objects (‘magnetars’) have been invoked to interpret several astronomical
phenomena associated with an activity of Soft Gamma Repeaters (SGRs) and Anomalous X-ray Pulsars
(AXPs). Such high-energy transient astrophysical sources display also persistent X-ray luminosity

L, ~10**° —10° erg/s, which are considerably smaller than the Eddington limit Lgy, #10°*(M s /M) erg/s

(see, e.g., [1]). However, the applicability of an accretion model to these neutron stars (NSs) meets serious
difficulties [2]. The observed periods and period derivatives of SGR 1806-20 [3], SGR 1900+14 [4], AXPs
1E 1841+045 [5], and 1E 2259+586 [6] yield large values, up to tenths of tera-tesla, for the strength of dipole-
surface-field components when assuming a magnetic-braking spin-down mechanism. Many observed
properties of SGRs and AXPs strongly support the magnetar concept suggesting an ultra-magnetized stellar
media with magnetic induction strength H up to hundreds of tera-tesla. Such a magnetization can be
understood, e.g., as an effect of the magneto-rotational instabilities and/or *"dynamo action" processes which
might operate in fast rotating stars [7], or spontaneous magnetization of hadron liquid due to ferromagnetic
exchange coupling [8].

It is worthy noticing here that the surface magnetic field does not necessarily reflect the strength of interior
fields. For instance, toroidal fields below the Sun surface are stronger than average surface dipole fields [9] by
at least a factor 10%- 10%, an excess corresponding to an interior field strength H ~ 0.1 - 100 TeraT in NSs.
Indeed, the multipeaked pulse profile in the tail of the 1998 August 27 flare and following August 29 event
(afterglow) of SGR 1900+14 gives an evidence [10] for essentially multipolar geometry of surface fields with
high order multipoles plausibly stronger than the respective dipole component Hyq~ 0.1 TeraT . The energy
associated with such super-strong fields dominates the star free energy, exceeds the rotational one and powers
the magnetar emission.

Apart from mentioned above giant flares of a superhigh intensity Ly~ 10*° ergs these sources more
generally emit the short (~ 0.1 s) outbursts with super-Eddington luminosity, i.e., ~10” - 10* Lggs. Such burst
emissions tend to concentrate into short intervals (weeks to months) of intense activity separated by relatively
long (years) quasi-regular quiescent periods ([3], see also Eq. (7) of sect. 4 and discussion therein).

Many properties of SGR activity are well explained within "'magnetar' concept assuming that the emission
of SGR bursts originates from the crust dynamics driven by the magnetic field, see [10, 11] and refs. therein.
However, quasiperiodicities in SGR active phases in conjunction with rather stable (without noticeable spin-up
glitches) spinning down provide arguments opposing the star-quake triggering mechanism of SGR bursts.
Some alternative models have considered exotic processes, like collisions of a strange star with asteroids [12,
13], or effects of boson condensate in superconducting core [14].

As is argued in recent papers [11] these properties of the bursts activity can be understood within the
magnetar concept as well and they are consistent with burst triggering mechanism due to a release of magnetic
energy stored in NS crusts. The periods of intense activity are related to the step-like anomalies in magnetic
field dependence of the magnetic moments of crust nuclides due to quantization. At such conditions the
demagnetization proceeds as erratic jumps associated with crust magnetic avalanches, similar to the
Barkhausen effect (see, e.g., [15] and sect. 2), and causes sharp energy release to the magnetosphere.
Significant difference from the Barkhausen noise is the strongly magnetized system far from conditions of
magnetization reversal.

In this contribution we further demonstrate that discontinuities in crust magnetodynamics due to
quantization of spatial motion naturally arises in the inhomogeneous crusty nuclear matter suggested by
numerous theoretical studies (cf. [11, 16 - 19] and refs. therein) at the density D less than the saturation density
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D,. The properties of nuclear matter at such transitional densities are particularly important, indeed, with
respect to the studies of the Equation of State. As is shown recently [11, 16 - 19] the structure of NS envelopes
and the nuclide composition can depend on the magnetic field. Such an effect originates from the modification
of shell-oscillations in the nuclear level density (and, consequently, the masses of atomic nuclei) under an
influence of magnetic fields, similarly to atomic clusters and quantum dots (cf. [20 - 23] and refs. therein). As
is demonstrated accounting for nuclear moment jumps at crust magnetodynamics yields accurate quantitative
description of the SGR burst statistics during the active period which displays features of self-organized
criticality, e.g., power law dependence of number of events on the intensity, lognormal distribution of waiting
times between the bursts [24 - 26].

2. Magnetization of atomic nuclei

As is indicated above the NS outer crusts can be viewed as policrystalline hetero-structure composed
from well-separated atomic nuclei. The quantization of nucleon spatial motion represents specific feature for
atomic nuclei, which gives rise to the sharp step-like jumps of the magnetic response in varying magnetic
fields due to the Zeeman splitting of the energy levels. We recall here, that within the Hartree self-consistent
mean field approach the single-particle energy levels determine the shell effects. Applications of the Nilsson
model (see, e.g., [27]) are very successful in understanding of many properties of stable nuclei in the region
of average mass numbers A~ 10 - 100. Employing such a model one incorporates the harmonic oscillator
(HO) spectrum of a frequency @, ~41/A"”> MeV and accounts for the spin-orbit splitting of energy levels
with a gap 77, = 0.12 (in units @, ).

The contribution of neutrons to the magnetic response of a nucleus is exhibited by the spin magnetization
of Pauli type. Such reactivity originates from an interaction of a field and the spin-magnetic moment. Energy
levels of neutrons corresponding to a spin projection M on a field vector are shifted linearly on a value
A=m_ g, o with the neutron g-factor g,, Larmour frequency @, = xyH and nucleon magneton g, . It

results in a phase shift of shell oscillations in binding energy versus neutron number [16 - 19]. Respectively,
the neutron component M, =(N, =N )@,z /2 in total magnetic moment M of nucleus is determined by an

excess N =N, N, of majority-spin N, over minority-spin N, neutrons. It gives rise to step-wise
anomalies in field dependence of nuclear magnetization at the conditions of level crossing, see Fig. 1.
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Fig. 1. The difference N of majority-spin N, and minority-spin N, neutrons versus the neutron number and

the magnetic field strength h = @, / @, as predicted by spherical HO potential.

The physical origin of such a jump of nuclear magnetic moment can be rather clearly understood within
the following qualitative picture applied for the spherical HO potential. Let us consider a magic nucleus with
a filled neutron shell, i.e. the number of neutrons on the highest occupied shell corresponds to the degeneracy
number. For a case of zero spin-orbit coupling such a nucleus could have, e.g., 40 neutrons (N = 40) when
the shell with the principal quantum number n = 3 is just filled. At zero magnetic field such a magic nucleus
has zero magnetic moment and corresponds to a negative minimum of the shell-correction energy (see [27]).
The magnetic field shifts majority- and minority-spin neutron levels down and up, respectively (see [11, 16,
17]). At the field strength corresponding to the energy shift on a half of HO frequency (i.e. h =10.5/g,|) the
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majority- and minority-spin energy levels cross. Therefore, 20 spin-up neutrons of n = 3 shell (at h <0.5/gy|)
are rearranged to occupy the spin-down n = 4 shell. Consequently, the magnetic moment of such a nucleus is
changed step-wise at the level crossing. We recall here that the neutron magnetization corresponds to the
spin alignment reversed to the magnetic field vector due to the negatively defined neutron gyromagnetic
ratio. Therefore, in the magnetic field the relative number of spin-down neutrons exceeds the number of spin-
up neutrons. However, the actual balance between the minority- and majority-spin neutrons is rather
sensitive to the shell structure.
Magnetic response of protons is represented by a superposition of field interaction with spin and orbital

magnetic moments [11, 16 - 19] with frequenter jumps as compared to the neutron response.

3. Modeling the Magnetodynamics of Crusty Nuclear Matter

As is pointed out in sect. 2 the quantization of spatial nucleon motion gives rise to the step-like jumps of
the magnetic response in varying magnetic fields. In particular outer crust nuclides display such an anomaly
at the crossing of nuclear levels. In this section we demonstrate that these properties result in the noise during
the crust demagnetization. As a consequence, the time evolution of magnetic fields experiences erratic jumps
leading to a sharp energy release to the magnetosphere of the magnetic energy stored in, e.g., the nuclear
degrees of freedom of NS crusts. Therefore, within present picture the mechanism of SGR burst emission by
a magnetar is similar to the generation of a noise in the loudspeaker by the coil of a wire surrounding a
ferromagnet and being put under the conditions of magnetization reversal by external varying magnetic field,
i.e. the magnetic Barkhausen emission (see, e.g., [15]). Because of the domain structure the dynamics of
magnetic field exhibits some sharp changes with time. Such a jump induces a current in a wire. The energy
released to the coil-wire is determined by the magnetic induction B= He,+Pr with applied field H.y, and
magnetization of a ferromagnetic Py as well as respective volume V., and can be estimated to be

E~B-P-V, . - (1)

The analogy can be seen between the crust and ferromagnetic as well as between the magnetosphere and
the coil-wire. We note that ‘'magnetar' related processes considered here correspond to ultramagnetized
media and energy scale larger by about 30 orders of magnitude. Furthermore, the sharp change of crust
magnetization originates from step-wise behavior of the nuclide magnetic moments rather then from
magnetization reversal.

3.1. Magnetic Coupling, Disorder and Fluctuations in Outer Crusts

In this section we quantify some observables related to crust magnetodynamics on the basis of
phemenological and theoretical analysis of observations. The induced magnetic moment of nuclides
contributes to the magnetization of NS crusts. For aligned moments the respective component in magnetic
induction is given by

P=M, /Vis = (M, /1, A(D,/D,)-0.1 TeraT, )

where the nuclear magnetic moment M, =M +M  is represented as a sum of neutron M, and proton M,

contributions, see sect. 2, while an average density of bound nucleons Dy, = A/Vys is related to the Wigner-
Seitz volume Vs and can be evaluated as several tenths of normal nuclear density Ds.

We consider the outer crusts as a polycrystalline hetero-structure with nuclei arranged in a closed packed
(plausibly bcce) lattice and assume the dipolar interaction between magnetic moments M; and M; of nuclei i
and j. Such a system shows the ferromagnetic ordering (see e.g. [11]) with the easiest magnetization axis
{100}. The coupling constant J and an anisotropy energy density K can be estimated from the lattice
parameters as

Jg MM, /a’ ~0.01 MeV, K, =0.1J,/V =10*ergs/cm’, (3)
where a~10"°fm stands for the lattice constant. The coupling strength Jgq corresponds to an effective
magnetizing field P=J,/M ~ 107 TeraT, cf. Eq. (2).

Another essential feature of realistic systems is associated with fluctuations and randomness: dirt. Usually
the system contains inhomogeneity and disorder in the form of defects, grain boundaries, impurities, leading
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to random crystalline anisotropies, and varying interaction strengths in the crystalline structure. Apart from
such static spatial fluctuations hy, we bear in mind dynamical components hy due to inexactness of the model
description (see sect. 4). Simple way to implement a certain kind of uncorrelated quenched disorder as well
as fluctuations is provided by identifying such effects with uncorrelated random fields h; associated with
each site of the lattice, and distributed according the gaussian distribution function

W (h) =exp{-h’>/R*}/RJ7 (4)

as one expects from the central limit (or normal convergence) theorem. We refer to the width R as for the
disorder. In the order of magnitude this quantity can be evaluated as an effective magnetizing field R~P~0.01
TeraT, cf. Egs. (2) and (3).

It is worthy to notice here that such a value of R is smaller than an expectation for the inter-jump
magnetic field spacing f Average value of the spacing is defined by the field interval between the

(H,-H

n n-1

imp *

successive jumps b, ; and b, , i.e. B >n , where <-->n denotes an averaging over level crossing

jmp ~
n. To calculate the field spacing we note that two levels with energy difference d¢ cross in the field interval
OH =o¢- (d (og)/dH )71 . For neutrons the change rate of the energy difference is given by

(d(55)/ dH )n =~ 0,4y =0.1 MeV/TeraT. The inter-jump field spacing can be, therefore, evaluated from the
i =(d(Je)/dH )_1 o =(d(Je)/dH )_1 /W . In the second equality of this

expression we take into account that the level spacing is given as an inverted total nuclear level density
0 =W ™' [27]. Since the case of shifted energy levels in the magnetic field corresponds to an excited

total nuclear level spacing o€ as f3

nucleus, the field spacing is estimated, B, ~107>° TeraT, to be larger as compared to disorder effects.

imp
3.2. The Randomly Jumping Interacting Moments Model as an Extension of the Ising Model

To model the long-range, far from equilibrium, collective behavior mentioned in the beginning of the
section (sect. 3), we define the crusts as a collection of I1 domains on a hypercubic lattice [11, 20 - 23] with
magnetic moments per nucleus m; which changes step-wise as a function of local magnetic fields b,

m, = znvnﬁ(b —b,) with jumps of a height v, at field strengths b, corresponding to level crossings. Here

the step-function (Xx<0)=0 and 4(x>0)=1.

According to an analysis of previous sect. 3.1 the coupling between nearest neighbor (nn) domain-
moments is ferromagnetic of a strength Jjj, and they interact with a uniform magnetic field H directed along
the moments. Then introducing the total magnetization (below is also referred to as a mean-field)

P=11" Zi m, we express the Hamiltonian of the outer crust domains as

H,=- > J,mm,—HP, (5)

i,jcnn

where it is understood that the sum runs over nearest neighbor pairs of moments on the sites i and j.

When moments m; are allowed for two values +/-1, the Hamiltonian Eq. (5) represents the Ising model
which reliably describes the effects of spontaneous magnetization as well as hysteresis and discontinuities in
reversing the magnetization (i.e. magnetization curve). As outlined below in this section within the
dynamical picture such effects can be interpreted as magnetic avalanches in the system.

As is pointed out in sect. 3.1 in order to simulate realistic systems it is required to incorporate in the
Hamiltonian Eq. (5) fluctuating fields (see Eq. (4) and discussion therein). Such fluctuations can prevent the
spontaneous magnetization of entire system by keeping it on a metastable state. As a consequence, the
magnetization curve is modified, i.e. not all the domain-moments jump at the same value of the external
magnetic field. Instead, they jump in avalanches of various sizes that can be broken up or stopped by
strongly “pinned” magnetic moments or clusters of previously jumped moments. When the disorder in the
crust is small, the picture is qualitatively similar to the pure case of the Ising model. One would expect the
predominant macroscopic discontinuity at critical field with a few small precursors in the vicinity. Large
disorders, as compared to the coupling strength J, can wash out the sharp transition and result in smooth and
almost macroscopically continuous magnetization curve. Applying random fields the Hamiltonian is then

given by H=H, +Zi hm, . For analytic calculations and simulations we set the interaction between the
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moments to be independent of the moments and equal to J for the nearest neighbors Jj; = J and zero
otherwise. Then the crust magnetodynamics is determined by the magnetic moment m; jumps which occur
when the difference between its local effective field b;:

b=J> m +H+h (6)

jenn
and some of the quantities by, i.e. the value Ab=Db, —b, changes sign.

At the condition b, , —b, > Ab> R almost all the moments equal to the value ¢, = an _v; and point

along the direction of a field H (i.e. m =g, for all i). As the field adiabatically decreases the moments
progressively jump to ¢, ,,s, , ... Because of the nearest neighbor interaction, the jumped moment can result

in the jump of a neighbor which in turn might lead to the reducing moment of another neighbor, and so on,
generating thereby an avalanche of moment jumps. The adiabatically changing field H(t) implies that the
external field is kept constant during each avalanche, while the magnetization varies according to the
definition of the mean-field, see Eq. (5) and discussion therein.

At large disorders corresponding to the wide distribution of random fields the magnetic moments tend to
jump independently of each other. Small avalanches give rise to the smooth (on a macroscopic scale)
magnetization curve. On the other hand, small disorder implies a narrow random field distribution, which
allows for large avalanches. This leads to noticeable discontinuities in the magnetization curves, similarly to
what is found for the Ising model at zero temperature. At transitional values of the parameters R = R; and
H = H, the system shows critical scaling behavior and the widest distribution of the avalanche sizes [11, 22,
23]. We refer for such a model as randomly jumping interacting moments (RJIM) model.

4. RJIM model Implications in SGR-Burst Activity

As is shown in sect. 3 the NS crust magnetotransport exhibits irregular jumps, when magnetic fields
match the vicinity of step-wise anomalies of nuclide magnetic moments. Such an epoch of NSs is
represented schematically in Fig. 2. As shown in the inset of the right panel of Fig.2 the RJIM model
confirms very short periods for the burst activity with rather small time intervals between the bursts which
are associated with step-like change of the crust magnetic field. Such sharp decrease of the magnetization is
caused by avalanches of the magnetic moment jumps due to ferromagnetic coupling between nuclides. The
proportional to the avalanche size excess of magnetic energy is released to the magnetosphere. Assuming the
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Fig. 2. Schematic view of neutron star crust magnetotransport. The left panel shows the magnetic field
dependence of neutron majority- and minority-spin energy levels for NM, decreasing and increasing with the
field, respectively. The right panel represents the time evolution of overall magnetic field with an inset
displaying the magnetodynamics during the active bursting period. The respective level crossing (see text) is
indicated by horizontal line intersecting the left and right panels.
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field strength of a couple of TeraTesla in the outer crust of a linear size |l ~ 100 m and employing an
estimate Eq. (2) the energy upper limit is evaluated E_ ~HP__ I’

sl 10 ergs to be in a good agreement
with SGR-burst observations, the detailed comparison is given in sect. 4.1. This energy is larger by about 30
orders of magnitude as compared to the case of magnetic Barkhausen emission (see Eq. (1) and discussion
therein). When the de-magnetization jumps involve the inner crust as well, the linear size is an order of
magnitude larger and the energy release extends up to 10%* -- 10" ergs and even beyond, a value
corresponding to giant flare events.

The typical time for the energy release is associated with the spanning time of the crust linear size,

7,, =l /C, - The speed of an avalanche propagation C,, is determined by the relaxation time 7, of nuclear

crust
reconfiguration associated with magnetic response. Applying familiar value 7, ~10™"s we find for the

speed ¢c_=l__ /7, ~10°cm/s. The corresponding estimate for spanning time z,, ~10"'ms is in a good

agreement with rising time of SGR-bursts [3, 4]. In the reminder of this section we analyze statistical
properties of SGR-burst activity, common for various pulsars.

4.1. The SGR-Burst Statistics

Fig. 3 represents the cumulative distributions of detected fluence, i.e. the burst number with a fluence
exceeding certain value, as observed by different missions, sensitive to individual regions of emitted energy.
The observed distributions are well fitted by the power law dependence. Relevant exponents range from 0.47
to 0.97. The cumulative avalanche size distribution in the vicinity of the critical point is compared in Fig. 4
with the normalized cumulative fluence distribution. In the energy range exceeding 5 periods the
observations by various missions are in a good agreement with simulations when accounting for the scale of
the energy release given above in sect. 4, remoteness of ten kpc, and nearly isotropic emission of such
objects. Some difference between the data and simulations at the regions corresponding to lower limits of the
energies of detectors could be due to reducing detector efficiencies. The obtained event number dependence
is well fitted by the power law with an exponent 0.67, which corresponds to the value 1.67 for the
differential distribution and provides a signal of self-organized criticality in the burst statistics.
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Fig. 3. Cumulative fluence distribution of SGR-bursts as observed by various missions for SGR 1900+14
bursts from [25] are shown by squares (Rossi X-ray Timing Explorer - RXTE) and circles (Bursts And
Transient Source Experiment - BATSE). RXTE (diamonds), BATSE (up-triangles), and ICE (down-
triangles) data for SGR 1806-20 are from [26].

For the case of a constant change rate B of the magnetic field the inter-avalanche field interval is
proportional to the time interval (i.e. waiting time) between the induced bursts. Taking the respective
normalized values, i.e. inter-burst time and inter-avalanche field, we compare the theoretical predictions with
observations in Fig. 5. The theoretical results are shown for the events, i.e. avalanches, covering the entire
range of intensities of Fig. 4, while the observations are only for bursts registered by RXTE/PCA detector
set. As we have seen, however, from analysis of simulation data, the applications of constraints or limits on
the avalanche sizes influences considerably the position of the distribution maximum, while the width is only
slightly affected.
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Fig. 4. Normalized cumulative fluence distributions of SGR-bursts. The results of the RXTE and BATSE
observations for SGR 1900+14 from [25] are shown by squares and circles, respectively. RXTE (diamonds), BATSE
(up-triangles), and ICE (down-triangles) data for SGR 1806-20 are from [26] are compared with the avalanche size
distribution from RJIM for the cubic lattice of a size (150)° represented by the solid line. The dashed line denotes the
power law distribution.
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Fig. 5. The reduced waiting time distribution between the successive RXTE/PCA bursts from SGR 1900+14
(squares) [25] and SGR 1806-20 (diamonds) [26] are compared with the waiting time distribution between
avalanches (solid curve). The dashed line represents the fit to the lognormal distribution of the width 3.6.

As seen in Fig. 5 for different SGRs the waiting time distributions as a function of the reduced time, i.e.
the time normalized at the maximum, obey universal function. The data are well reproduced by simulations

2
and fitted at a maximum by the lognormal function LN(t)= \/2_(9t(;[)( )ex {(lg(t(/t;))z) } with a width
ztin(o n(o

o ~3.6. Such a property points out the single time scale for SGR-burst triggering processes. Within RJIM
model such a time-scale is determined by the ratio of the disorder parameter R and the field change rate
7 =R/B . Therefore, the scaling with respective time leads to an universal function. It is worthy to point out
here the difference in the field change rate during quiescent and active phases.

4.2. The Periods of Burst Active Phases

According to presented RJIM model the star enters the phase of intensified burst activity when the
magnetic field approaches critical values. An expectation time T, for an inactive evolution is then determined

by the ratio of the spacing £, =~ of magnetic moment jump anomalies (see sect. 3.1) and the rate B of overall
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field change, T, = g,/ B. Since the magnetic free energy Fy ~ B> dominates and powers the emission we
find B~—Lp/B. Using the familiar [1] relation for persistent luminosity L, ~ B; and assuming the

proportionality of the crust field to the field on star magnetic poles B ~ B, we obtain

TSL, = const (7)
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Fig. 6. Period of SGR's active phases versus the persistent luminosity. The observational data are from [11].
The solid line indicates the systematics with {const = 10"~ erg s} (see text).

As illustrated in Fig. 6 SGR's observables follow rather well the systematics given by Eq. (7). We note,
however, that fluctuations of level spacing and, corresponding, intervals of magnetic moment jumps give
significant variations of activity periods, like in case of SGR 1900+14.

5. Conclusions

We have considered the magnetodynamics of NS crusts corresponding to the nuclear densities below the
neutron drip line and being plausibly composed of well-separated magic nuclei, cf. [1, 11]. As is
demonstrated the nuclear magnetization displays the sharp abrupt field dependence due to quantization of
three-dimensionally confined spatial motion of nucleons. The Pauli-type paramagnetic response of neutrons
results in discontinuities of magnetic moment arising almost periodically at the crossings of majority- and
minority-spin energy levels. The proton contribution to the magnetization displays frequenter jumps of
nuclear moments because of the relationship between the spin- and Landau-orbital-magnetism.

As is shown for NS crusts such jump anomalies of magnetic moments in conjunction with ferromagnetic
inter-nuclide coupling give rise to jerky magnetodynamics with erratic sharp step-wise discontinuities in the
crust (de)magnetization process due to avalanche propagation. As a consequence, sudden energy releases to
the magnetosphere lead to SGR-bursts [11].

For the description of such noisy collective magnetodynamics of NS crusts we develop the Randomly
Jumping Interacting Moments (RJIM) model accounting for quantum fluctuations due to the discrete level
structure, inter-nuclide coupling, and disorder. The comparison of model predictions with observational data
allows, therefore, quantifying crust properties. The magnetic equation of state identifies [11] conditions
corresponding to the occurrence of self-organized criticality when the system exhibits universal scaling
behavior and displays the widest distribution of discontinuity amplitudes.

As is shown the predicted by RJIM model scaling properties for, e.g., the burst intensity and waiting time
distributions, are in a good agreement with SGR observations supporting thereby the credibility of RIIM
model. As is implied within considered treatment the specific feature classifying SGRs is plausibly
represented by the crust ultra-strong torroidal and multipolar magnetic field components matching the
strength region of important quantization effects in nuclide magnetization. For outer crusts such fields
approach tera-tesla, while weaker fields are expected for neutron-rich nuclides of inner crusts [11]. Further
implications of the proposed magnetic emission mechanism in the analysis of SGR activity can provide
better understanding of NS crust, in particular, strengths and evolution of magnetic fields. We note, however,
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an importance of detail analysis of electronic excitations accompanying the nuclear dynamics, cf. [28, 29].
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University. The authors are indebted to B. Hnatyk and D. Jakubovskyi for valuable discussions, constructive
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MATHUTOANHAMHUKA MATI'MYECKHUX AJEP B KOPE MAIHUTAPOB
B. H. Konapatses, U. H. Kanenko

PaccmoTpena mMarHuToAMHaAMUKa HEOJHOPOAHOH SAAEpHON MaTepUH, COOTBETCTBYIOLIEH KOpPE HEUTPOHHBIX 3BE3[.
[IponemoHcTpUpPOBaHO, YTO 3PPEKTH KBAHTOBAHUS IIPUBOIAT K PE3KUM CKauYKOOOPa3HBIM aHOMAJIMSIM B 3aBUCUMOCTH
MarHUTHBIX MOMEHTOB HYKJIMAOB OT MarHUTHOTO MOJSA. YUYHUTHIBAas MarHUTHOE B3aUMOJEHCTBHE MEXIY HYKIHIAMH,
MBI IIOKa3bIBa€M, YTO TAaKHE AHOMAJIMU TPHBOMAT K pPa3phIBOOOPA3HBIM CKAayKaM B MAarHUTOJMHAMHKE KOPBI
HEWTPOHHBIX 3Be3l. CBOMCTBA TAaKMX UIIYMOB YIOBJIETBOPUTEIBHO COTJIACYIOTCS CO CTATHCTHKOM AaKTHBHOCTH
MCTOYHHMKOB MSATKHX ITOBTOPSIFOIIMXCS FTAMMa-BCIIJIECKOB.

MATHITOAUHAMIKA MATTYHUX SIIEP ¥ KOPI MATHETAPIB
B. M. Kongpartees, 1. M. Kagenko

PosrnsHyTO MarHiTomMHaMiKy HEOMHOPITHOI sAOepHOi Marepii, IO BIAMOBiZae KOpi HEWTPOHHHUX 3ipOK.
IIponemoHcTpoBaHO, MmO e(heKTH KBAHTYBAaHHS MPHUBOAATH 1O PIi3KUX CTPUOKOMOMIOHWX aHOMAIN y 3aJIeKHOCTI
MAarHITHAEX MOMEHTIB HYKJIi/IiB BiJl MATHITHOTO TOJIA. 3 OTJISAY Ha MarHiTHY B3a€MOJIIF0 MIX HYKJIiIaMH MH ITOKa3y€eMo,
II0 Taki aHoOMadii NMPHBOIATH IO PO3PHBONOMIOHMX CTPUOKIB y MArHiTHIA AWHAMII KOPH HEHUTPOHHUX 3ipOK.
BractuBOCTI TakuxX HIyMiB 3aZ0BIIBHO Y3TO/KYIOTBCS 31 CTAaTHCTUKOIO aKTHBHOCTI JDKEPET M SKHUX MOBTOPIOBAHUX
ramMMa-CIUIeCKiB.
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