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Abstract: We conduct BVRI and R band photometric observations of asteroid (5247) Krylov from
January 2016 to April 2016 for 51 nights using the Korea Microlensing Telescope Network (KMTNet).
The color indices of (5247) Krylov at the light curve maxima are determined as B − V = 0.841 ± 0.035,
V −R = 0.418± 0.031, and V − I = 0.871± 0.031 where the phase angle is 14.1◦. They are acquired after
the standardization of BVRI instrumental measurements using the ensemble normalization technique.
Based on the color indices, (5247) Krylov is classified as a S-type asteroid. Double periods, that is, a
primary period P1 = 82.188 ± 0.013 h and a secondary period P2 = 67.13 ± 0.20 h are identified from
period searches of its R band light curve. The light curve phases with P1 and this indicate that it is a
typical Non-Principal Axis (NPA) asteroid. We discuss the possible causes of its NPA rotation.

Key words: minor planets, asteroids: individual: (5247) Krylov —minor planets, asteroids: non-principal
axis rotation — telescopes: KMTNet — technique: photometric

1. INTRODUCTION

The spin state of an asteroid is considered a vital clue to
study either its physical properties or spin evolution his-
tory. It is classified into two different states according
to the Euler angle between the orientation of the princi-
pal axis and the rotational angular momentum vector.
When the angular momentum vector is aligned with a
principal axis, it is called Principal Axis (PA) rotation,
thus the asteroid performs a constant axial rotation. In
contrast, when the angular momentum vector is mis-
aligned, it is called NPA rotation. Then the asteroid
develops into a dynamically unstable state so that the
spin axis shows excited precession around the angular
momentum vector. Hence, rotation and precession pe-
riods occur simultaneously in the light curve. The NPA
rotation was termed “tumbling” by Harris (1994) and
has been generally used since then.

Most studies on asteroid light curves have long
been focused on PA rotation. The number of observed
samples of NPA rotators including NPA candidates as
of April 2017 is about 80 (Warner et al. 2009). Even if
such an object was observed, it was difficult for the NPA
rotation to be unambiguously detected. This is why
studies on NPA rotation have been very limited. How-
ever, with recent development of observational tech-
niques, photometric precision has improved so that pre-
viously undetected anomalies can be found and properly
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investigated. At the same time, the number of aster-
oid light curves has increased, thanks to the growth in
the number of available telescopes and improvements
in observational efficiency, leading to an increase in the
inventory of NPA rotators. Further, we can not only de-
termine their angular momentum vectors within a rel-
atively short period of time, but also investigate their
physical properties as we are able to see their facets over
a wide range of regions on their surfaces based on obser-
vations during several apparitions. Thanks to a proper
understanding of precession, the scientific significance
of NPA rotators has only been grasped recently, and we
can now reconstruct the tumbling motions of asteroids
from the analysis of light curve.

The first known NPA rotator was (4179) Toutatis,
which was discovered by radar observation by Hudson
& Ostro (1995). Kaasalainen (2001) proposed an inver-
sion method for the first time using photometry data in
which a numerical model is applied to the light curve
of an asteroid that exhibits NPA rotation. Pravec et
al. (2005) carried out period and orientation analyses
assuming the shapes of four asteroids, (4179) Toutatis,
(54789) 2001 MZ7, 2000 WL107 and 2002 TD60, to be
approximately a tri-axial ellipsoid using the inversion
method. There have only been two NPA rotators for
which precise physical models were constructed using
the light curve inversion method previously mentioned:
2008 TC3 (Scheirich et al. 2010) and (99942) Apophis
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Table 1
Observation log

Date UT R.A. (h m) Dec. (◦ ′) d (AU) r (AU) α (◦) Site Filter Weather1

2016-01-27 08 44 –20 26 1.650 2.492 14.5 SAAO R 3
2016-01-28 08 43 –20 26 1.646 2.490 14.4 SAAO R 1
2016-01-29 08 42 –20 25 1.642 2.489 14.3 SSO R 1
2016-01-29 08 42 –20 25 1.642 2.489 14.3 SAAO R 0
2016-02-03 08 37 –20 15 1.626 2.481 14.0 SSO R 3
2016-02-04 08 36 –20 12 1.624 2.479 14.0 SAAO BVRI 1
2016-02-05 08 35 –20 08 1.621 2.478 14.0 SAAO BVRI 0
2016-02-06 08 34 –20 04 1.619 2.476 14.0 SAAO BVRI 0
2016-02-07 08 33 –20 00 1.618 2.474 14.0 SSO BVRI 0
2016-02-07 08 33 –20 00 1.617 2.474 14.0 SAAO BVRI 4
2016-02-08 08 32 –19 55 1.616 2.473 14.0 SSO BVRI 1
2016-02-08 08 32 –19 55 1.616 2.473 14.0 SAAO BVRI 3
2016-02-09 08 31 –19 50 1.615 2.471 14.1 SSO BVRI 0
2016-02-10 08 30 –19 45 1.613 2.470 14.1 SSO BVRI 0
2016-02-10 08 30 –19 45 1.613 2.470 14.1 SAAO BVRI 0
2016-02-20 08 20 –18 30 1.614 2.453 15.1 SSO R 1
2016-02-22 08 19 –18 16 1.616 2.451 15.3 CTIO R 0
2016-02-22 08 19 –18 12 1.615 2.451 15.2 SSO R 1
2016-02-22 08 18 –18 09 1.617 2.449 15.4 SAAO R 0
2016-02-24 08 18 –17 57 1.619 2.447 15.6 CTIO R 0
2016-02-24 08 17 –17 52 1.620 2.446 15.7 SSO R 0
2016-02-24 08 17 –17 49 1.621 2.446 15.8 SAAO R 1
2016-02-28 08 15 –17 16 1.629 2.441 16.3 CTIO R 0
2016-02-28 08 15 –17 11 1.630 2.440 16.4 SSO R 1
2016-02-28 08 14 –17 07 1.631 2.439 16.5 SAAO R 0
2016-02-30 08 14 –16 54 1.634 2.437 16.7 CTIO R 0
2016-03-01 08 13 –16 50 1.636 2.436 16.8 SSO R 0
2016-03-01 08 13 –16 45 1.637 2.436 16.9 SAAO R 0
2016-03-03 08 13 –16 32 1.641 2.434 17.1 CTIO R 0
2016-03-03 08 12 –16 27 1.642 2.433 17.2 SSO R 0
2016-03-03 08 12 –16 11 1.648 2.431 17.5 SAAO R 0
2016-03-05 08 12 –16 09 1.648 2.430 17.5 CTIO R 0
2016-03-05 08 12 –16 04 1.650 2.430 17.6 SSO R 0
2016-03-07 08 11 –15 45 1.656 2.427 17.9 CTIO R 3
2016-03-07 08 11 –15 36 1.660 2.426 18.1 SAAO R 4
2016-03-11 08 10 –14 57 1.674 2.420 18.8 CTIO R 0
2016-03-15 08 09 –14 07 1.695 2.413 19.6 CTIO R 0
2016-03-15 08 09 –13 57 1.700 2.412 19.7 SAAO R 3
2016-03-22 08 09 –12 35 1.740 2.400 21.0 SSO R 0
2016-03-24 08 09 –12 15 1.750 2.397 21.3 CTIO R 0
2016-03-24 08 09 –12 10 1.753 2.397 21.3 SSO R 1
2016-03-24 08 09 –12 05 1.756 2.396 21.4 SAAO R 4
2016-03-26 08 09 –11 51 1.764 2.394 21.7 CTIO R 1
2016-03-26 08 09 –11 46 1.766 2.393 21.8 SSO R 1
2016-03-28 08 10 –11 26 1.778 2.390 22.0 CTIO R 0
2016-03-30 08 10 –11 02 1.792 2.387 22.4 CTIO R 0
2016-03-30 08 10 –10 58 1.795 2.386 22.4 SSO R 0
2016-04-03 08 12 –10 06 1.829 2.378 23.1 SAAO R 0
2016-04-05 08 13 –09 48 1.841 2.375 23.3 SSO R 0
2016-04-10 08 16 –08 58 1.879 2.367 23.9 CTIO R 0
2016-04-10 08 16 –08 49 1.885 2.366 24.0 SAAO R 0

1 Night-averaged weather condition codes: clear (0), partly cloudy (1), strong wind (2) and higher humidity (4). (Code 3: “unclear”.)

(Pravec et al. 2014), both of which are Near Earth As-
teroids (NEAs). Until recently, studies on NPA rotators
have been focused only on NEAs and no investigations
have been conducted for MBAs (Main Belt Asteroids).
However since the Main Belt (MB) is dynamically sta-
ble except for resonance regions that are affected signif-

icantly either by major planets or Yarkovsky drift, the
orbits of asteroids have not changed significantly since
formation. Because of this, the MBAs play a crucial
role in studying the orbit and spin evolution of aster-
oids caused by non-gravitational forces or collisions. We
selected MBAs known to be NPA rotator candidates in
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Figure 1. Geo- and heliocentric distance and solar phase angle-corrected R-band light curve of (5247) Krylov.

the asteroid Light Curve Data Base (LCDB; Warner et
al. 2009) and performed a series of time-series observa-
tions to verify if the selected objects clearly show NPA
rotation. The present study reports our photometric
study on the MB asteroid (5247) Krylov.

(5247) Krylov was discovered by Karachkina
(1982) (Marsden & Williams 1993). It belongs to the
Phocaea asteroid family in the inner MB and the estab-
lished orbital elements are a = 2.33 AU, e = 0.208, and
sin i = 0.40. Time-series photometry of this asteroid
was conducted by Donald Pray and Adrian Galad for
the first time (Pravec, personal communication, 2016),
and Pravec et al. (2006)1 employed time-series pho-
tometry to detect the double period (P1 = 81.5 h,
P2 = 68.5 h) and classified it as a NPA rotator candi-
date. On the other hand, Gil-Hutton (2006) proposed
the presence of the Krylov group inside the Phocaea
family based on his Hierarchical Clustering Method
(HCM) runs – thereby suggesting that (5247) Krylov
shows evidence of collision after the formation of the
Phocaea family.

In order to check if (5247) Krylov really exhibits
an unstable state of rotation, BVRI and R band time-
series photometry were conducted using KMTNet over

1http://www.asu.cas.cz/~ppravec/newres.txt

an extended period of time and higher temporal res-
olution. In Section 2, observations of (5247) Krylov
and data reduction method are described. In Section 3,
taxonomic classification of the asteroid from the BVRI
multiband observation is explained. In Section 4, the
period analysis of R-band light curves and the analysis
results are presented. Finally, in Section 5, we summa-
rize the results and discuss the most likely causes of the
current spin state of (5247) Krylov.

2. OBSERVATIONS AND DATA REDUCTION

We conducted photometric observations of (5247)
Krylov at the three sites of KMTNet (Kim et al. 2016):
the Cerro-Tololo Inter-American Observatory (CTIO)
in Chile, the South African Astronomical Observatory
(SAAO) in South Africa, and the Siding Spring Obser-
vatory (SSO) in Australia. KMTNet consists of 1.6-m
wide-field optical telescopes and 18K × 18K mosaicked
CCDs with four 9K × 9K e2v chips. The pixel scale
of the CCD camera is 0.4′′/pixel and the resulting field
of view is four square degrees. KMTNet sites are well
separated in geographic longitude, thus enabling con-
tinuous observations during the runs when telescope
times are allocated at all three sites. The wide-field
of view and round-the clock operation capabilities of
KMTNet allows discovery, astrometry and follow-up
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Figure 2. Amplitude spectra of P1 using Period04

physical characterization of asteroids in a most effi-
cient manner. We call the dedicated software subsys-
tem, the computing facility, research activities, mem-
bers and partner organizations the Deep Ecliptic Pa-
trol of the Southern Sky (DEEP-South; Moon et al.
2015). We employed the target of opportunity observa-
tions (TO) of the DEEP-South for this study. In the
present paper, time-series photometry was conducted
using Johnson-Cousins R-filter to obtain the light curve
of (5247) Krylov. Simultaneously, multi-band photome-
try utilizing Johnson-Cousins BVRI filters was also car-
ried out to determine its taxonomy. R-band time-series
observations were carried out for a total of 51 nights
from January to April 2016, and BVRI multi-band pho-
tometry was conducted in February 2016 for a total of
10 nights. Since the primary period disclosed by Pravec
(2006) was 81.5 hours, the observation cadence was 1 h
on average and exposure time was selected from 15 sec
to 30 sec during the runs considering the signal-to-noise
ratio (SNR) and its projected motion in the sky

The equatorial coordinates, geo- and heliocentric
distances and solar phase angle of (5247) Krylov at
the time of observation are presented in Table 1. Pre-
processing of raw observed images was completed us-
ing the KMTNet pre-processing software (Kim et al.
2016), hence crosstalk, overscan, bias and flat fielding
corrections and trimming were applied. The world co-
ordinate system (WCS) solution of the observed im-
ages is calculated using the USNO B1.0 catalog and
matched with SCAMP (Bertin 2005) with an average
astrometric error of 1.5′′. Post-processing is carried out
using the Asteroid Spin Analysis Package (ASAP) (Kim
2014), which applies aperture photometry utilizing the
IRAF/APPHOT package.

The standardization employed in the present study
is an ensemble normalization technique (Gilliland et
al. 1988; Kim et al. 1999) making use of the Amer-
ican Association of Variable Star Observers Photomet-
ric All-Sky Survey (APASS) catalog (Munari et al.
2014). The SDSS magnitudes in the APASS catalog
are fitted with the Johnson-Cousins photometric sys-

��������	������
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Figure 3. Amplitude spectra of P2 using Period04

tem based on transformation equations proposed by
Jordi et al. (2006). The calibrated magnitude error is
R ∼ 0.02 to 0.05 taking into account the instrumental
magnitude and the zero magnitude error.

3. RESULTS

3.1. Spin State
The tumbling motion of any asteroid exhibits a complex
light curve of double periods. This happens because
rotation and precession of a tumbling body occur at
the same time. According to Kaasalainen (2001), these
double periods are linear combinations of rotation pe-
riod (Pψ) and precession period (Pϕ). In order to con-
firm the tumbling motion of (5247) Krylov, period anal-
ysis on the observed light curve was conducted. Prior
to performing the analysis, the magnitude variation due
to changes in geo- and heliocentric distances and so-
lar phase angle was corrected in order to examine only
the light variation generated due to the changes in the
viewing cross section caused by rotation and precession.
The magnitude variation-corrected reduced magnitude
caused by changes in geo- and heliocentric distance is
corrected to a position where geo- and heliocentric is
1 AU using the method proposed by Buchheim (2010),
and the light travel time (LTT) effect is corrected using

TLT = Tobs −∆/c (1)

where TLT refers to LTT-corrected time at the asteroid,
Tobs to the observed time, ∆ to the geocentric distance,
and c to the speed of light. In addition, the solar phase
angle is corrected to 15 degree using the H-G model pro-
posed by Bowell et al. (1989). For geo- and heliocentric
distances and solar phase angle, ephemeris provided by
JPL Horizon is used and G = 0.15 which is an aver-
age value of the vast majority of asteroids (Vereš et al.
2015). The final corrected light curve is presented in
Figure 1. As is shown, different data points are distin-
guished by various symbols according to the observation
sites and the dates when our observations were made.

Period04 (Lenz & Breger 2005) is used to find
periodicities in the light curve, as shown in Figure 1.
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Figure 4. W vs. P2 for the 3rd order 2-dimensional Fourier series with P1 = 82.2 h (solid line) and the 2σ range of W (dotted
line).

Table 2
Harmonics of the P2 candidate

Period (h) Harmonics

P3 23.88 1/P3 = 1/P1 + 2/P2

P4 33.66 1/P4 = 2/P2

P5 52.85 1/P5 = 4/P1 − 2/P2

P6 55.50 3/P6 = 2/P1 + 2/P2

P7 57.14 1/P7 = −1/P1 + 2/P2

P8 73.95 2/P8 = 1/P1 + 1/P2

P9 147.21 2/P9 = 1/P8

P10 170.37 3/P10 = 1/P7

P11 366.07 1/P11 = −1/P1 + 1/P2

Period04 is a period analysis program based on dis-
crete Fourier transform and multiple-least-squares al-
gorithms (Sperl 1998). Figure 2 shows the power spec-
trum generated with Period04, in which the frequency
of the largest amplitude is unambiguously shown at
0.58402 cycles/day. This frequency occurs when the
light curve has a single peak. However, asteroids are
considered to have even albedo over the surface and
a shape that can be approximated to a tri-axial ellip-
soid, hence the reflected light varies due to rotation,
and precession when NPA rotation takes place at the
same time, so that the light curve reveals double peaks.
Accordingly, we determine the corresponding period
P1 = 1/f1 = 82.188 ± 0.013 h based on half of the fre-
quency f1 = 0.29201 cycles/day.

We determined the secondary period (P2) using
Period04 to remove the light variation caused by P1

from the light curve. Figure 3 shows the power spec-

trum of the residuals. The frequency at the highest am-
plitude is 0.7124 cycles/day and half of the frequency,
0.3562 cycles/day, is set to f2 that corresponds to the
double peak light curve. The corresponding P2 = 1/f2
is 67.37 h (± 0.15 h). However the P2 has a signal rather
weaker than P1. Hence, we tried another method and
used the 2-dimensional Fourier series as proposed by
Pravec et al. (2005) for confirmation:

F (ψ (t) , ϕ (t)) = C0

+

m∑
j=1

[
Cj0 cos

2πj

Pa
t+ Sj0 sin

2πj

Pa
t

]

+

m∑
k=1

m∑
j=−m

[
Cjk cos

(
2πj

Pa
+

2πj

Pb

)
t

+Sjk sin

(
2πj

Pa
+

2πj

Pb

)
t

]
(2)

Here, Pa refers to the period whose amplitude is larger
than Pb. The time-series light curve presented in Fig-
ure 1 is fitted to Equation (2). The order of the Fourier
series used here is m = 3. The reason for adopting
m = 3 is as follows. If a higher order is used, more
complicated features can be fitted but they might be
confused with periods which are fitted by higher order
terms. Once the observed values are fitted to Equation
(2), Pa is fixed to P1 (82.188 h) found with Period04,
and then P2 is increased from 10 h to 1000 h with
0.01 h step size increments and then we can determine
the harmonics coefficients in Equation (2) by matching
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Figure 5. The 2-dimensional Fourier series (solid line) with P1 = 82.188 h and P2 = 67.13 h, plotted over Figure 1.

Table 3
Coefficients of the 3rd-order 2-dimensional Fourier series

Coefficient Value Coefficient Value Coefficient Value

C0 0.643 C2,1 0.0101 S3,2 -0.0046
C1,0 -0.0127 S2,1 0.0001 C−3,1 -0.0008
S1,0 -0.0035 C3,1 0.0044 S−3,1 0.0203
C2,0 0.0375 S3,1 0.0037 C−2,1 -0.0283
S2,0 -0.2571 C−3,2 -0.0093 S−2,1 -0.003
C3,0 -0.0103 S−3,2 0.0061 C−1,1 -0.0019
S3,0 0.006 C−2,2 0.0169 S−1,1 0.0017

C−3,1 -0.0185 S−2,2 0.0073 C0,1 -0.0057
S−3,1 0.0056 C−1,2 0.0005 S0,1 0.0068
C−2,1 0.0128 S−1,2 -0.0005 C1,1 0.0044
S−2,1 0.0076 C0,2 0.0307 S1,1 0.0016
C−1,1 -0.0198 S0,2 -0.0321 C2,1 -0.0019
S−1,1 -0.0051 C1,2 0.0047 S2,1 0.0053
C0,1 0.028 S1,2 -0.0163 C3,1 -0.0032
S0,1 0.0084 C2,2 0.0042 S3,1 0.0045
C1,1 -0.003 S2,2 -0.0118
S1,1 0.0242 C3,2 0.0012

the observed light curve with Equation (2), and cal-
culate the sum of squared residuals (W=Σ(O − C)2)
of differences between the observed and modeled light
curves. Figure 4 showsW expressed as a function of Pb.
Pb = 67.13± 0.20 h, which shows the highest signal to

noise ratio in Figure 4 matched with P2 = 67.37±0.15 h
acquired using Period04 within a range of error. Fre-
quencies of the peaks whoseW is 2σ or higher in Figure
4 are presented in Table 2. They were studied in detail
and it was found that all frequencies can be represented
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Figure 6. Same as Figure 5 but in the phase domain, using the period P1 = 82.188 h.

Table 4
Double periods of (5247) Krylov

Periods

P1 [h] 82.188 ± 0.013
P2 [h] 67.371 ± 0.15 67.132 ± 0.20

1 Obtained from Period04.
2 Obtained from 2-dimensional Fourier analysis.

by a combination of Pa and Pb. Table 3 shows the coef-
ficients of the Fourier series in Equation (2) determined
in the current work. Figure 5 displays the time-series
light curves with coefficients listed in Table 3 and Equa-
tion (2), while Figure 6 shows light curve phased with
P1. The light curve in Figure 6 shows significant de-
viations rather than a perfect folding at each phase,
revealing the typical light curve of a NPA rotator.

The model light curve generated with the 2-
dimensional Fourier series in Equation (2) most closely
reconstructs the observations using P1 and P2 obtained
in the present study. The P1 and P2 values are shown
in Table 4. As depicted in Figures 5 and 6, the double
period feature in this modeled light variation confirms
that (5247) Krylov is a NPA asteroid.

3.2. Taxonomy
The taxonomy is determined using the color indices ob-
tained from standardization of BVRI multi-band pho-
tometry. With the color indices acquired from the pho-
tometry, the closest values to the light curve maxima
are selected and used. The light curve maxima implies
that the widest cross section of the asteroid can be seen
by an observer at the time of observation. Therefore,
since the color indices at the light curve maxima best

Table 5
Color Indices of (5247) Krylov

Color Indices

B − V 0.841 ± 0.037
V −R 0.418 ± 0.031
V − I 0.871 ± 0.031

represent its overall surface property, they were adopted
as shown in Table 5. Based on the values, taxonomy of
this object is found to be S-type using the classification
method proposed by Dandy et al. (2003) as depicted
in Figures 7 and 8. This is the same as the representa-
tive taxonomy of the Phocaea family, the parent fam-
ily of (5247) Krylov (Carruba 2009). In addition, the
albedo of this asteroid is 0.171±0.013 (Usui et al. 2011)
which is consistent with S-type (0.216± 0.086; Usui et
al. 2011).

4. SUMMARY AND DISCUSSIONS

In this study, we carried out BVRI and R band photo-
metric observations of asteroid (5247) Krylov for a total
of 51 nights using KMTNet. The asteroid is categorized
as S-type based on the diagram drawn by Dandy et al.
(2003) and using the color indices obtained from our
BVRI photometry. We acquired the light curve where
only a change in the viewing cross section due to rota-
tion and precession is found in the R band. The period
analysis reveals a long double period with P1 = 82.188 h
and P2 = 67.13 h. With these periods, we reconstruct
the full-coverage light curve of (5247) Krylov and con-
firm that it is a NPA rotator in the MB.

According to Pravec et al. (2014), the plausible
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Figure 7. The V −R vs. V −I two-color diagram of different
taxonomic types. The assorted characters represent differ-
ent taxonomic types according to Dandy et al. (2003). The
red dot represents (5247) Krylov.

causes of NPA rotation of an asteroid can be attributed
to the following four cases: (1) Catastrophic disrup-
tion(s) of a parent body, thereby creating a kilometer-
sized smaller asteroid. (2) A sub-catastrophic im-
pact. (3) Spin-down due to the YORP effect. (4)
Gravitational pull during a planetary flyby. Based on
the above-mentioned possibilities, we can speculate on
the formation scenario of (524) Kryolv. According to
Farinella et al. (1998), the collisional life-time of a
MBA is τcollision = KD0.5

m with K ≃ 400 Myr where
Dm is the diameter in units of kilometers. If we apply
10.44 ± 0.37 km, the diameter of (5247) Krylov given
in the AcuA, we have τcollision ≃ 1.3 Gyr. Since the
Phocaea asteroid family, which is the parent family of
(5247) Krylov, is an old asteroid family whose age is
2.2 Gyr (Carruba 2009), we could imagine that (5247)
Krylov might have experienced ∼1.7 times small or
large collisions after its creation. Thus, it seems im-
possible that the Phocaea asteroid family has main-
tained its spin state since the period of its forma-
tion. We also need to consider the damping timescale,
which is the time required for a NPA rotator to de-
velop into a PA spin state. The PA spin state is the
outcome of energy dissipation caused by stress-strain
cycling. It is shown as τdamping = P 3

obs/C
3D2

m where
C ≃ 36 and Pobs is the rotational period expressed
in hours (Pravec et al. 2014). Pobs will be deter-
mined and presented in a follow-up paper. We now
take into account the damping timescale in four differ-
ent cases, Pobs = P1 = 82.188 h, Pobs = P2 = 67.37 h,
Pobs = P1/2 = 41.094 h, and Pobs = P2/2 = 33.69 h.
These cases are based on the period analysis of the sim-
ulated light curve of a NPA rotator (Kaasalainen 2001);
it is found to be Dm = 10.44± 0.37 km using the same
diameter and the collisional lifetime (τdamping ≃ 109, 60,
4, and 8 Myr). It is impossible, however, that Krylov
has maintained NPA rotation since the timescales in
the above-mentioned cases are much smaller than its
age (2.2 Gyr; Caruba 2009). As it orbits at a consid-
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Figure 8. The V −R vs. B−V two-color diagram of different
taxonomic types. Characters and red dot are the same as
in Figure 7.

erable distance from the major planets, no change in
the spin state is expected caused by planetary flybys.
Thus, (5247) Krylov is presumed to have experienced
changes in its spin state due to either sub-catastrophic
impact or YORP after its formation.

In addition, we may surmise that (5247) Krylov
might have experienced sub-catastrophic impact after
the Phocaea asteroid family was formed as Gil-Hutton
(2006) predicted the presence of the Krylov group.
However, there is still controversy about the presence
of the Krylov group so it is too early to conclude that
a sub-catastrophic impact was the immediate cause of
its NPA rotation. Therefore, additional observations
for the candidate members of the hypothetical Krylov
group followed by physical modeling of this asteroid and
suspected group members should be made. At the same
time, studies on the possible influence of the YORP ef-
fect are required in order to establish the direct cause
of its unstable spin state.
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