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Abstract—Soft gamma repeaters (SGR) are identified as single neutron stars (NS) inside the Galaxy, or
nearby galaxies, with sporadic transient gamma radiation. A total number of discovered SGR, including rel-
ative Anomalous X-ray pulsars (AXP), is few tens of objects. Many of them show periodic radiation, con-
nected with NS rotation, with periods 2–12 s. The slow rotation is accompanied by small rate of loss of rota-
tional energy, which is considerably smaller than the observed sporadic gamma ray luminosity, and is many
orders less that the luminosity during giant bursts, observed in 4 SGR. Therefore the energy source is usually
connected with annihilation of very strong NS magnetic field. Another model is based on release of a nuclear
energy stored in the NS non-equilibrium layer. We suggest here an observational test with could distinguish
between these two models.
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1. INTRODUCTION
Soft gamma repeaters (SGR) have been discovered

observationally in 1979 [1–3] as giant bursts with
recurrent gamma flares, and soon were connected
with the discovered short gamma ray bursts (GRB) [4]
as a separate class of GRB. They are identified now as
single neutron stars (NS) inside the Galaxy, or nearby
galaxies, with sporadic transient gamma radiation. A
total number of discovered SGR, including relative
anomalous X-ray pulsars (AXP), is few tens of objects
[5]. Some of them show periodic radiation, connected
with NS rotation, with periods 2–12 s. It seems now
that short GRB include two different types of objects:
merging of binary NS at cosmological distances, and
another class represented by giant bursts in SGR at
neighboring galaxies at distances, when recurrent spo-
radic SGR radiation is too faint for registration at the
Earth. Such events had been discussed in [6], and were
discovered in the galaxies M31 (Andromeda) [7], and
a galaxy in the M81 group of galaxies [8], see also [9,
10].

The slow rotation is accompanied by small rate of
loss of rotational energy, which is considerably smaller
than the observed sporadic gamma ray luminosity,
and is many orders less that the luminosity during
giant bursts, observed in 4 SGR [2], [11–13]. There-
fore the energy source is usually connected with anni-
hilation of very strong NS magnetic field [14, 15].
Another model is based on release of a nuclear energy
stored in the NS non-equilibrium layer [16–19]. We

suggest here an observational test which could distin-
guish between these two models.

2. PERIODICAL PULSES
First discovery of FXP 0520–66 by Konus experi-

ment [1, 2] was accompanied by observation of peri-
odic pulsation in this source with the period  s in
the afterglow radiation of the giant burst, lasting about
200 s. Similar pulsations had been observed in the
afterglows of giant bursts it the objects SGR 1900+14
with the period  s [11, 20, 21], and SGR
1806–20 with the period  s [12, 22]. The peri-
odicity in the radiation of this source was found earlier
[23] in one of the recurrent outbursts, indications to
such periodicity had been found in [24], and first dis-
covery of this source in the year 1986 was reported in
[25, 26]. The source SGR 1806–20 was probably the
first SGR, in which periodic pulsations had been dis-
covered in one of the recurrent outbursts, which
period was later confirmed in the afterglow of the giant
burst December 27, 2004, which was the most power-
ful from four observed giant bursts. Periodic pulsa-
tions had been found in the recurrent outbursts of sev-
eral other SGR [5, 27–29].

Connection of SGR with highly magnetized slowly
rotating NS (magnetars) meets several problems. They
are connected with observation of low magnetic field
SGR [27, 28]. Observations of several, quite normal
radio pulsars without traces of recurrent gamma out-

≈ 8P

≈ 5.16P
≈ 7.47P
644



ABOUT THE OBSERVATIONAL CHECK OF THE MECHANISM 645
bursts, having magnetar-like periods and magnetic
fields [30] are not consistent with this model. These
problems are discussed in details in [31, 32]. It is evi-
dent, that magnetic origin of gamma ray outbursts in
SGR implies a different behavior of pulsations, in
comparison with nuclear explosion origin [34, 19, 33].
We suggest that this difference should be visible in the
behavior of pulsation phases, what could be derived
from observations.

3. PHASE ANALYSIS

Phase analysis of pulsations in rotating magnetized
NS, observed as pulsars (radio, optical, X-ray,
gamma-ray) is a very powerful tool, permitting to clar-
ify the properties of the sources. In the binary millisec-
ond pulsars with extremely precise time stability of
pulses the timing analysis of pulses gave the best preci-
sion results in favor of confirmation of General Rela-
tivity (GR) as a true theory of gravitation (see, e.g.,
[35]). This stability is connected with a very stable NS
rotation, with practically fixed anchoring of the mag-
netic field to the NS body. Such properties permit to
exclude the changes connecting with a motion of mag-
netic field over NS surface, and interpret the visible
period variations in timing data by the pulsar motion
in the binary system, and different GR effects.

In SGR the precision of observation is incompara-
bly worse than in radiopulsars, so only sufficiently
strong phase shifting in observations could be noticed
and measured. NS in SGR is considered as single
object, so there is no motion in binary, and very small
GR effects are not be visible in their timing data. The
reason for strong phase shift in the SGR pulsations
could be expected due to motion of the burst location
over the NS surface from one burst to another one.
Such motion is unlikely to be possible if the transient
bursts are connected with magnetic events. Extremely
high conductivity of the pulsar matter prevents any
magnetic field changes in static situation, and does not
permit changes in the large scale magnetic field con-
figuration formed by electrical currents situated deep
inside, in quiet region of the star. The large scale of the
magnetic field should determine the position of the
bursting spot in all cases, not permitting for its motion
over the star surface. The shift of the explosion spot
over the surface of the NS is possible in the case when
the explosion mechanism is not connected directly to
the magnetic field large scale structure. Such mecha-
nism of explosion, connected with processes in the NS
non-equilibrium layer [16] was considered in [19],
[31–33]. Earlier it was suggested as a mechanism for
formation of gamma ray bursts (GRB) inside the Gal-
axy [17, 36]. Discovery of cosmological origin of GRB
excludes this mechanism for GRB model, but it
remains for application to SRG bursts. A considerable
phase shift in the gamma ray pulsar timing, between
the observed transient bursts, would be a strong argu-
ASTRONOMY REPORTS  Vol. 66  No. 8  2022
ment in favor of the nuclear explosion SGR burst
mechanism.

4. PHASE SHIFT OBSERVATIONS IN SGR
The pulsed radiation of SGR was first discovered in

the famous March 5, 1979 burst [1, 2]. Subsequently it
was visible very distinctly in the afterglows of two other
giant bursts SGR 1900+14 and SGR 1806-20. Analy-
sis of many recurrent bursts in the last two objects had
shown the periodic component in their radiation, with
almost the same, slightly growing period.

4.1. SGR 1900+14
The pulsations with a period 5.16 s have been

observed in the afterglow of the giant burst during sev-
eral hundred of seconds [11, 20]. Search for periodic
pulsations had been done in recurrent bursts and per-
sistent radiation of this object in subsequent years in
the bands from radio [37] to optics and hard X-rays
[38–44]. The pulsation with a corresponding period
have been observed in all bands, except radio.

4.2. SGR 1806–20
The pulsed signals with the period 7.47 s. had been

discovered in the year 1998 [23, 24], 6 years before the
giant burst in this SGR. After observations of the giant
burst [12, 22], periodic pulsations in this SGR had
been visible in its radiation during subsequent obser-
vations in several X-ray bands [45, 46].

4.3. SGR J1935+2154
SGR J1935+2154 was discovered in 2014 [47], and

has a spin period  s. It is one of the most
active magnetars, showing outbursts almost every year
[48, 49]. Its reactivation date on April 27, 2020 was
“observed” by several X-ray and gamma-ray instru-
ments when a burst storm and an increase of the per-
sistent X-ray f lux were detected [50, 51]. Subsequent
activity of this GRB during 7 months was followed by
XMM and Chandra missions [52].

5. CONCLUSIONS
The three above considered objects were observed

during a long time, when several strong outbursts hap-
pen. They look out as best candidates for making
phase analysis, which should show the behavior of the
peak activity spot on the NS surface. If it does not
change its position on the NS during all the time, than
it is most probably connected with the large scale
structure of the magnetic field, and witnesses in favor
of the magnetar model. If its position changes after
strong outburst that its activity is presumably deter-
mined by nuclear explosions, connected with exis-
tence of non equilibrium layer in NS envelope.
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