F58%: H4i K X ¥ Vol.58 No.4
20174E7H ACTA ASTRONOMICA SINICA Jul., 2017

doi: 10.15940/j.cnki.0001-5245.2017.04.011 TR 2 1 SO L

X5 4N E BN SE K
m

(R KK 05 2 A 5 7 210023)

XGRS — BRSO B (RN, R IEE)MAUE RS, 2T P I E R
XTEATRIF A T CAFE B A AT B A XL S AL TRAR B RIS R BE, 1T BB B T 0 B R T8 Rl
TEAL T S 2 g A7 SRR U AR SO H B DA X 2R BUR K BN AL I 7R, ¥ e 3 Be /X B2k
B XL WX RIR AL A ST TATR A0 T AU B A AR A R,

F2FE AT I8 T U A B A IR S i Be . FoAT T 98 UL Hh (1040 S s e S A B2 8 PR 5
W) T T OUER R AR A BB, BRATTR I AR 7 T AR e 1 (BT A S E I A R AR ) AR S
SR, Be/ T EXNE T IBef i NIRRT LUE S|~ 8 M. A TAEERIT: AL Bef g
R4 F 72N IA BN 2 REBIABeUE, (A B T HEEN A0, BE, @
SAHE AR P A M Be AR ATA BRLUE AT & (K5 43 Eh T LR IA ~ 13%-30%, 7=AE K2 B\ Bef 2l
Tk XUERAH FAE A 1.

ST T A T R X G 2R N S D kb B IR AT R . T B VA, S )
RUE, BAVRB W R 458 (V) AEVILR A EE FIN-t- 2T b, TR E T AV S5
B b B SR R IR, XA VR AR B R b A — SeBE R T~ 60 dINR S, =
Tk 210 B B AT B R AT LU IS S . 59— bl et 2, — S 58 B 1) 0L kv 2 1T i A2
AT B /B R 2 5N A A Z B I IRIETE ;5 (2)— L84 10 (10 X0 ik B2 W] fie 2 el op 45 i X
XU AR I, AHZR AR BA W m i %; (3)AEMR BT X 20U oy, b 7 S -4 1 e A 49
L 3000 380 140 UL P 2 ) 1 R PR S — AN B DAL, R W] A R BRI ST 1 R R AT B, B AAEAE
LAY B BE IR ML

SATERRATNT T RIS BT Jr R AR B W A s AR ALEL. B I8 LR ] BRI M B E AR
BU, FATRIL: B IR ALRAR ™A 10 & 1 ) 1k A2 XA Ly s (R A RE AR RE X AN M £ S B 2R 2R,
1M Lo RIS LA O BRI A B 1, 1 LB SR I B ~ 15%—45% 1) k3% tH WU R4,
BHRMHLHE FCB (Circumbinary) Bt I 51 07 1 4EKIREUA Bl &, FERXFMEDL T, BT 2k Lol mr
PUEZE< 1073,

BV 5N AN 7 B Y B e X R IR AT TIEAR. K 2 B AR S X 2R U5 AR A A
X ERAUR RS, AR LURT AL B B LA ) T — A B (A& 7 B ) AR b ik
SEXIEURMS2 X-2, it RILIL.37 skl B AR Bt — Mg b 722 FRAT TS T MB2FI AR ]
ZH TR X S IR T BT 5, 4 AR AL R A ORI (RS v 3, FRATT R I R %
T HIRIA R XS UE AR R AE10 ™ yr L A2 A TRATIA H T A X 2 Y A o - L S 03P i
g, 5 R XS AT EA, B X e A A X B R AL TR DR A S L R T e &2
T TR/ P R XU R U 43 1) T A M2 /AR R 1) T B AR R XU 2RV

FOFEH, FATHE T HLIAT ZR P H 2 5 R A T X 4 R I AT e Ak T i A i A N e A

12015-06-153K 3 i - 2447, S 7 50 K228 1H) 45 #3%; shaoyong@nju.edu.cn



2 K X ¥ K 58 4

WA TESL, FRATIAS ) T BT 2R Py v A5 5 R B X 20U I HE A e, AT RS L2 R 43 A R AL
IRJE T B ER X ZOVUR AL, FLRE BOSUR 2 AP ko 2. PS4 AR W A6 T XS OB T
ABE LAEIE AR G S 2, SUR A0 ik b 2 I AE AR A~ TR BDL P R A X LRFIE
00 3] U 5 X 2 XU USRS PR K b B AR AT FRATTIE S 7 DA SCHR o 5 21 ) B8 U AU I 2
TIFR O . i, PR XU 2 X0UR F KPS T e 2% 4 LEALIIMERAR 22, P8 P AR £E0.1-1 d A
SREEFP KPR HH T EARAG K. IX LR B PR X U AL, JELE R FOR 5 18, R
AT RES FUE S Bl 1 R B LITAR K.
i, TAER TR A 43T, FERT UG K AR 2.

Formation and Evolution of X-ray Binaries

SHAO Yong

(School of Astronomy and Space Science, Nanjing University, Nanjing 210023)

X-ray binaries are a class of binary systems, in which the accretor is a compact star
(i.e., black hole, neutron star, or white dwarf). They are one of the most important objects
in the universe, which can be used to study not only binary evolution but also accretion
disks and compact stars. Statistical investigations of these binaries help to understand
the formation and evolution of galaxies, and sometimes provide useful constraints on the
cosmological models. The goal of this thesis is to investigate the formation and evolution
processes of X-ray binaries including Be/X-ray binaries, low-mass X-ray binaries (LMXBs),
ultraluminous X-ray sources (ULXs), and cataclysmic variables. In Chapter 1 we give a
brief review on the basic knowledge of the binary evolution.

In Chapter 2 we discuss the formation of Be stars through binary interaction. In this
chapter we investigate the formation of Be stars resulting from mass transfer in binaries in
the Galaxy. Using binary evolution and population synthesis calculations, we find that in
Be/neutron star binaries the Be stars have a lower limit of mass ~ 8 Mg, if they are formed
by a stable (i.e., without the occurrence of common envelope evolution) and nonconservative
mass transfer. We demonstrate that the isolated Be stars may originate from both mergers
of two main-sequence stars and disrupted Be binaries during the supernova explosions of the
primary stars, but mergers seem to play a much more important role. Finally the fraction of
Be stars produced by binary interactions in all B type stars can be as high as ~ 13%-30%,
implying that most of Be stars may result from binary interaction.

In Chapter 3 we show the evolution of intermediate- and low-mass X-ray binaries
(I/LMXBs) and the formation of millisecond pulsars. Comparing the calculated results
with the observations of binary radio pulsars, we report the following results: (1) The al-
lowed parameter space for forming binary pulsars in the initial orbital period-donor mass
plane increases with the increasing neutron star mass. This may help to explain why some
millisecond pulsars with orbital periods longer than ~ 60 d seem to have less massive white
dwarfs than expected. Alternatively, some of these wide binary pulsars may be formed
through mass transfer driven by planet/brown dwarf-involved common envelope evolution;
(2) Some of the pulsars in compact binaries might have evolved from intermediate-mass
X-ray binaries with an anomalous magnetic braking; (3) The equilibrium spin periods of
neutron stars in low-mass X-ray binaries are in general shorter than the observed spin peri-
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ods of binary pulsars by more than one order of magnitude, suggesting that either the simple
equilibrium spin model does not apply, or there are other mechanisms/processes spinning
down the neutron stars.

In Chapter 4, angular momentum loss mechanisms in the cataclysmic variables below
the period gap are presented. By considering several kinds of consequential angular momen-
tum loss mechanisms, we find that neither isotropic wind from the white dwarf nor outflow
from the L point can explain the extra angular momentum loss rate, while an ouflow from
the Ly point or a circumbinary disk can effectively extract the angular momentum provided
that ~ 15%-45% of the transferred mass is lost from the binary. A more promising mecha-
nism is a circumbinary disk exerting a gravitational torque on the binary. In this case the
mass loss fraction can be as low as < 1073.

In Chapter 5 we present a study on the population of ultraluminous X-ray sources
with an accreting neutron star. Most ULXs are believed to be X-ray binary systems, but
previous observational and theoretical studies tend to prefer a black hole rather than a
neutron star accretor. The recent discovery of 1.37 s pulsations from the ULX M82 X-2 has
established its nature as a magnetized neutron star. In this chapter we model the formation
history of neutron star ULXs in an M82- or Milky Way-like galaxy, by use of both binary
population synthesis and detailed binary evolution calculations. We find that the birthrate
is around 10~* yr~! for the incipient X-ray binaries in both cases. We demonstrate the
distribution of the ULX population in the donor mass - orbital period plane. Our results
suggest that, compared with black hole X-ray binaries, neutron star X-ray binaries may
significantly contribute to the ULX population, and high/intermediate-mass X-ray binaries
dominate the neutron star ULX population in M82/Milky Way-like galaxies, respectively.

In Chapter 6, the population of intermediate- and low-mass X-ray binaries in the
Galaxy is explored. We investigate the formation and evolutionary sequences of Galac-
tic intermediate- and low-mass X-ray binaries by combining binary population synthesis
(BPS) and detailed stellar evolutionary calculations. Using an updated BPS code we com-
pute the evolution of massive binaries that leads to the formation of incipient I/LMXBs,
and present their distribution in the initial donor mass vs. initial orbital period diagram.
We then follow the evolution of I/LMXBs until the formation of binary millisecond pulsars
(BMSPs). We show that during the evolution of I/LMXBs they are likely to be observed as
relatively compact binaries. The resultant BMSPs have orbital periods ranging from about
1 day to a few hundred days. These features are consistent with observations of LMXBs and
BMSPs. We also confirm the discrepancies between theoretical predictions and observations
mentioned in the literature, that is, the theoretical average mass transfer rates of LMXBs
are considerably lower than observed, and the number of BMSPs with orbital periods ~ 0.1-
1d is severely underestimated. Both imply that something is missing in the modeling of
LMXBs, which is likely to be related to the mechanisms of the orbital angular momentum
loss.

Finally in Chapter 7 we summarize our results and give the prospects for the future
work.
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