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Blue stars are mostly binary pulsars.
Be X-ray binary pulsars are more than a half of XBPs.
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i4) Issued Atel list

SMC X-3 1 H1145-619 2
4U 0115+63 6 GX 304-1 12
V0332+53(X0331+53) 5 GS 1843-02 2
LSV +44 17 1 XTE J1858+034 1
A0535+26 8 XTE J1946+274 1
4U 0728-25 1 KS 1947+300 1
GS 0834-430 1 EXO 2030+375 1
GRO J1008-57 10 Cep X-4 1

 MAXI team have issued 54 Atels in 7years.
* More than 100 alert mails have been circulated to the mailing .

* By our Atel/alert of BeXRB, several ToO observations were conducted.

* The Suzaku ToO observations for 2 BeXRBP (GX 304-1 and GRO J1008-57)
discovered cyclotron resonance features in the X-ray spectrum
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W) Outburst classification
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1. Outburst orbital phase shift
»The systematic orbital phase “delay”
» The systematic orbital phase “advance”

2. GOB periodicity of EXO 20304375 (poster P-58)
» Possibility of 20/10 years periodicity in GOB
activity
3. Correlation between flux increase rate and peak
fluxes in NOBs

4. Suzaku follow-up observations

» Discovery of the cyclotron resonance lines in
GX 304-1 and GRO J1008-57
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' Precursors/GOBs Phase Shift
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7 of OB Phase Shift
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* Period of precursor/GOB is 115 d,
notP . (=111.1d)

o After MOB, EW of Ha line increased.
(Moritani+2011)

— emergence of warped Be diSkH\disk, precession P is about 8.7 yr. /
7vears of (@kazaki+’13, Moritani+’13, Nakajima+'14)
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Wilson+2008 reported the outburst orbital phase shift from EXO 2030+375.
OB phase shift was observed as “delay”.

The phase shift rate is 1.8x107—4 phase/day

Please see also Poster P-58, “Possible regular phenomena in EXO
2030+375” (Eva Laplace)
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B\ GX 304-1

’ Outburst Phase Shift

» (Atel#8592) the onset phases of the outbursts shifted steadily
through the five normal outbursts (from ~0.90 orbital phase on

Flux (Crab)

2014 August to 0.02 on 2016 January). -
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» This phenomenon might be explained by a
precessing Be disk which has an

asymmetrical density profile .




Comparison of OB Phase Shift

* OB phase shift has been observed from 4 BeXRBPs.
e common phenomena among BeXRBPs ?

* The phase shift rate does not correlate with Be star type,
orbital period and a,sini.

* There is a possibility that a correlation between eccentricities and
OB phase shift rate exists.
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1. Outburst orbital phase shift
»The systematic orbital phase “delay”
»The systematic orbital phase “advance”

2. GOB periodicity of EXO 20304375 (poster P-58)
» Possibility of 20/10 years periodicity in GOB
activity
3. Correlation between flux increase rate and peak
fluxes in NOBs

4. Suzaku follow-up observations

» Discovery of the cyclotron resonance lines in
GX 304-1 and GRO J1008-57

2016/12/7 7 years of MAXI

14



— P

* OB start phase advances to the early
orbital phase every revolution.

e Duration of the mass accretion is

MAXI/GSC

elongated.

0. ~. |
0ot ‘_'*ﬂ’ Swift/BAT * |f the warped Be disk exists, the disk would
. S\ expand along to the orbital plane.
© 9o ) R \ Warped Be disk
e ! | . \
< 0.1 .
5 o.01 NS orbital plane vy Be star
- 10_13 Silaj+2010 g‘g‘
0001 Moritani+2013
10—3_04 * OB start phase represents the position
P 1325 where NS contacts with the Be disk. Thus
orb™ the expansion velocity of Be disk can be
| | derived.
- Comparison with Be disk expansion velocity ve
BeXRBP o
GX304-1 :2.3+0.2 km/s sy
g o A0535+26: 2.3 km/s (Yan+2012)
Isolated Be star
6 Sco : 0.2 km/s (Meilland+2011)
- Achernr :0.27+0.08 km/s (Kanaan+2008)
 OBstartphase " go(deg) First measurement of e by X-ray observation.
2016/1247 - e 4 The ve of BeXRBPs are larger than isolated ones




1. Outburst orbital phase shift
»The systematic orbital phase “delay”
» The systematic orbital phase “advance”

2. GOB periodicity of EXO 2030+375 (poster P-58)
» Possibility of 20/10 years periodicity in GOB
activity
3. Correlation between flux increase rate and peak
fluxes in NOBs

4. Suzaku follow-up observations

» Discovery of the cyclotron resonance lines in
GX 304-1 and GRO J1008-57
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a regular outbdrsts synchronize W|th orb—46d

* Peculiar time intervals of GOBs, missing OBs and orbital phase jumps.

* There are 2 possibilities
* Periodicity between GOBs (~20 years)

* Periodicity between GOB and orbital phase jump (~10 years)
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=\ Kozai-Lidov(KL) mechanism in
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inclination of the object undergo P:PL index of surface density of Be disk
periodical exchange.
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Applied to EXO 2030+375 parameters
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The z4z nicely matched with the time interval
between GOB and orbital phase jump.

Inclination (deg.)

Fu+2015 |

35 | | | | |

2016/12/7 7 years of MAXI t/Ph 18



1. Outburst orbital phase shift
»The systematic orbital phase “delay”
» The systematic orbital phase “advance”

2. GOB periodicity of EXO 20304375 (poster P-58)
» Possibility of 20/10 years periodicity in GOB
activity
3. Correlation between flux increase rate and peak
fluxes in NOBs

4. Suzaku follow-up observations

» Discovery of the cyclotron resonance lines in
GX 304-1 and GRO J1008-57

2016/12/7 7 years of MAXI
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Normal Outbursts
L, increase rate — peak L, relation

* Positive correlations between the L, increase rate and the peak L, are
found in 5 BeXRBPs (GRO J1008-57, GX304-1, EXO 2030+375,

V0332+53 and 4U0115+63).
* The relation can be described by power-law (PL) function.

* Each source have a different PL indexes.
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PL index and eccentricity

* PLindex of Ly increase rate — peak L, plot does not correlate
with Be star type, orbital period and a,sini.

* Positive relation in eccentricity and PL index.

N/ 717 " 1 T T T T T T T T T T T
N~
3 Q
& g
0 | 5 = .
-~ oD —
< | 8
S G
10 a
X & X —A—
Q + O]
T _ L 3 & il
c v + O ©
. RPN A
—
o g Q
X
o | % 0 i
o
&
i ® Swift/BAT(15-50keV) |
MAXI/GSC(2-20keV) |
o L | N ) ' L | L L ' L | L L L L | L ' L L | s L
0.3 0.4 0.5 0.6 0.7

eccentricity

2016/12/7 7 years of MAXI

21



Shrink of accretion radius

In highly eccentric system, accretion radius r, rapid shrinks near periastron.

Further dynamical model and discussion is needed to understand this

henomenon.

P BeZ
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1. Outburst orbital phase shift
»The systematic orbital phase “delay”
» The systematic orbital phase “advance”

2. GOB periodicity of EXO 20304375 (poster P-58)
» Possibility of 20/10 years periodicity in GOB
activity
3. Correlation between flux increase rate and peak
fluxes in NOBs

4. Suzaku follow-up observations

» Discovery of the cyclotron resonance lines in
GX 304-1 and GRO J1008-57

2016/12/7 7 years of MAXI
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"+ M Suzaku and RXTE ToO observations
S GX304-1 and GRO J1008-57

GX304-1 (Porb=132.5d)  GRO J1008-57 (Porb=249.48d)
e MAXI detected 14 outbursts

* Reactive since 2008 June after
in 7 years.

30 yrs quiescence.
° th
- GOB in 2010 August. After the 5" one, GOB
occurred.

e Suzaku observation at the peak. Suzaku observation almost at
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Detection of cyclotron
lines

GRO J1008-57 _
" Suzaku-XIS Yamamoto+2014g
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* Discovery of cyclotron line at * Frim detection of cyclotron line at
54 keV. 76 keV.
c B—=4.7x10T12 G « £—6.7x10T12 G

* Positive correlation in cyclotron ¢ Highest cyclotron energy among
2oidine energies and luminosities. 7 e ot B@XRBPS. 25



Eccentricity and magnetic
fields
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% 15 pulsars were plotted whose eccentricity is
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v s Summary

v' MAXI is monitoring Be X-ray binaries.

v Outburst orbital phase shift
v The systematic orbital phase “delay” is observed from 4 BeXRBPs.
v The phase shift rate probably depends on orbital eccentricity.
v The systematic orbital phase “advance” is observed from GX304-1.
v’ Be disk expansion is most likely scenario.

v GOB periodicity of EXO 2030+375 (Laplace et al. poster P-58)
v  Possibility of 20/10 years periodicity in GOB activity.
v KL oscillation can explain long term periodicity.
v’ Correlation between flux increase rate and peak fluxes in NOBs
v’ The effect of Roche lobe shrink might explain the observed relation.

v’ Suzaku follow-up observations
v’ Discovery of the cyclotron resonance lines in GX 304-1 and GRO J1008-57
v’ e-B relation might relate with binary evolution model.
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1) Modeling the Outburst Profile

* The quantitative analysis is needed to understand and compare
each outburst profile.
* There are several models to represent the outburst profiles.
e Gaussian model
* Asymmetric Gaussian model (Kuhnel+2014)
* Burst model
* Triangle shape function

2016/12/7 7 years of MAXI 29



* Introduction
* About Be X-ray binary pulsar (BeXRBP)
 MAXI/GSC observation of BeXRBP
e Atel

 Lightcurve
e Various outburst

* Individual topics

2016/12/7 7 years of MAXI
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MAXI-Suzaku observations added two XBPs in high end.

Binary Pulsar

Update of \;I_

Mihara+ (1998)

Single Pulsar

500

1400

W
o
o

Single Pulsar Number

ATNF pulsar catalog
Manchest 2005
Short life \AJ_‘_ (Manchester+ 3200 \
GX304-1 |
GRO J1008-57
7 8 9 0 11 1z 13 14 15 18

Magnetic Field Strength B [log G|

B peaks at 2x10'2 G, and distributes to 7x1072 G



