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Measuring proper motions of isolated nentron stars with
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2 Constraints on the nature and origin of the ROSAT discovered isolated neutron stars
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Fig. 3 Positions of nearby neutron stars and OF asscciations projected on the Galactie plane. Red boces show the OB asso-
ciations boundaries. Hippareos stars with a probability higher than 75% to be linked to the OB associations are represented
by black dota. Blue lines and filled squares show the poesible positions of the ROSAT discoverad INS, assuming a distance
range of 100 to 400 pe for thoss which do not heve distance estimatas. Radio or -ray pulsars younger than 4.25 Myr and
locabed within 1kpeo are shown as magenta symbols (when a parallec distancs exists) or green symbsols when the distance is
eatimated from dispersion messursments. The Gould Balt iz shown as & thick dashed line.



On the origin of the O and B-type stars with high velocities IT
R. Hoogerwerf et al.: On the origin of the O and B-type stars with high velocities 11 C O ph

Runaway stars and pulsars ejected from the nearby young stellar groups

R. Hoogerwerf, J.H.J. de Bruijne, and P.T. de Zeeuw
Sterrewacht Leiden, Postbus 9513, 2300 RA Leiden, the Netherlands
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Fig. 2. Top: Sample of runaway stars defined in §2.1, in Galactic cordinates. The open circles denote the present
positions of the runaways, and the ares show their past orbits, calculated for 2 Myr. The filled circles are the runaways
for which we can identify the parent association. The numbers refer to the entries in Table 3. The asterisks indicate
two additional runaways (72 Col, HIP 94890 [left most of the two asterisks|) discussed in §7. The grey fields outline
the nearby OB associations (de Zeeuw et al. 1999). From left to right and from top to bottom: Per OB3 (o Persei),
Per OB2, Cep OB3, Cep OB2, Cep OBG, Lac OB1, Upper Scorpius, Upper Centaurus Lupus, Lower Centaurus Crux,
Tr 10, Vel OB2, Col 121, and Ori OB1. The open clusters are identified by the filled light-grev circles for those
with reliable positions and velocities, and by the open, crossed circles for the remaining clusters. The positions and
designations of the clusters can be found in Table 2. Bottom: Pulsar sample defined in §2.1. in Galactic coordinates.
The filled circles indicate the present positions of the pulsars. The past orbits of pulsars, calenlated for 2 Myr, are
shown for three different assnmed radial velocities: 0 km s~! (filled squares), 200 km s=! (open squares), —200 km s—*
{open stars). The pulsars are labeled 1 through 8; 1: JO82642637, 2: J0835—4510 (Vela pulsar), 3: JO95340755, 4:
J11154-5030, 5: J1136+16561, 6: J123042453, 7: J1456—6843, 8: J1932+41059. Number 9 is the neutron star Geminga.
The associations and open clusters typically move comparatively little in 2 Myr.
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F1G. 5—Apparent positions of the neutron star RX J185635—3754
(moving east-southeast), the pulsar B1929+ 10 (moving east-northeast), {
Oph (declination —10°, moving north-northeast), and the Upper Sco
association (declination — 24°, moving south-southwest) projected back-
ward in time. I use the assumed radial velocities of — 60 and + 160 km s™*
for RX J185635—3754 and PSR B1929+10 which yield the closest
approaches to { Oph. The present positions are plotted as small filled
circles; positions of B1929 410, { Oph, and RX J185635— 3754 at times of
closest approach are the large filled circles. The large open circle is the
position and approximate size of the Upper Sco association at the time of
closest approach. The uncertainties on the positions are estimated using
the uncertainties in the distances, proper motions, and radial velocities and
are plotted for the three stars at 10 points spaced linearly in time between
0.1 and 1.0 Myr in the past.
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Figure 5. A schematic vertical slice through the Galactic plane at /yp = 207
indicating the extent of various hot and cold gaseous components. The lines
of sight in fields IV, V and V1 are shown as dotted lines.

Galactic latitude
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Fig. 1. ROSAT 3/4 keV map toward the Galactic center,
shown in inverse grayscale (Snowden et al. 1997). The lo-
cation of our Suzaku NPS pointing is indicated by the white
cross. The location of the off-source NEP observation is shown
by a black cross.
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Figure 6. A schematic slice through the Galaxy tilted at an angle of 307
to the Galactic plane. The straight dotted lines indicate the line of sight of
the NPS observations, The profile of the LHB is taken from the absorption
model of HWW. The Sco—Cen OB association, which is usually taken as the
cenire of Loop 1, is shown at a distance of 170 pe.
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LIEJIU 1 SAOAYN

1. MNpoBepka ranotesbl Xyrepsepda n ap. (2001) o ceasu
¢ Oph—PSR B1929+10 B okpecTHOCTN US, 1 Hawen
rmnoTesbl 0 poXxaeHun nynbcapa B1929+10 B okpecTHOCTH
|C 4665 B CBSI3M C HOBLIM 3HAYEHMEM Napannakca nysribcapa

2. YcTtaHoBneHue aponounoHHon cea3m PC3 IC 4665 n Cr 359
c accounaumen CkopnuoHa-LleHTaBpa, a Tak e ¢ CeBepHbIM
NONAPHbLIM LLMYPOM



R.Hoogerwerf et al., 2001:
PSR B1929+10:

[1aHHbIE
M_al= 9916 masl/yr
p_dl= 3948 mas/yr

O6bexT OV 72000.0) 5 [l COS O 75 T V.
d(72000.0) MCII/ O, MG/ TO MCIT KM,/ C
B1929+10 | 19732™13°.94969 | 94.09 £ 0.11 | 4299 +0.16 [ 2.77 =0.07 —
10°59/32".4203
IC 4665 17746™ —057+0.30 | —7.40+036 | 2.84+056 | —=16.0+1.1
5743’
Cr 359 1801 022028 | —890=x0.26 (222099 | —4.6=+=0.2
2°54/
HIP 86768 | 17"43™474.0205 | —=7.12+0.70 | —10.39 £0.51 | 2.34 = 0.80 | 19.0 £4.3
—7°04'46" 588
HIP 91599 | 18"40™48°.0517 | —9.64 £ 1.13 [ —22.64 £0.79 | 3.61 = 1.16 20+ 5
—8°43/07".688
HIP 81377 | 16"3709°.5378 [ 13.07 £0.85 | 2544 +£0.72 [ 7.12+0.71 [ —=9.9+5.5
(¢ Oph) —10°34'01".524
RXJ185635 3754 18"56™35% .56 326.7+0.8 —59.1+£0.7 16.5+2.3 —
—37°54/37".0
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Meton smunukmmdeckoro npubmokennd (JluaanGman, 1927; 1959) mozBojseT MOCTPOHUTH
OpOUTLI 3BE31T B CHCTEME KOOPIHHAT, Bpallaroieiicsa BOKPYT IeHTpa [ alakKTHKN 110 KPYTOoBOH N ”\ vy
opburTe. ' I SN

ey L UO) V)

A{t)—)s{[))—l——ﬁ sin(kt) —_QBLI cos(kt)), (1)

Y(t) = Y(0)+
+2_4(X(0)—

Vo 20
o 2U(0)(1 — cos(rt)),

—2B
Z(t) = wio) sin(vt) + Z(0) cos(vt),

I

Q
(1— cos{r{-tj))t + ==V (0)sin(rt) +

roe t — BpeMsa B MJH. JleT (HCXOAMM H3 cooTHomleHus oK/ MiH.jer=(0.978 xm/c),
KOTODOe MBI OTCYHTLIBAEM B INPOILIoE; K — STHIHKINYecKas dacTota, £ = +/—40,B5;
A nw B — mnocrosumele Qopra, {1y — yIVIoBas CKOPOCTh TIaJIaAKTHYECKOTO BpAIIEHHS
MeCTHOTO cTaHIapra Tokod, {3 = A — B; v — €acToTa BepTHKAJIBLHBIX KojeGaHmit,
v = VArGpy, tne G — rpaBATanoHHas NOCTOAHHAS, a pp €CTh 3Be3lHas IUIOTHOCTD B
OKOJIOCOJTHEYHOH OKpecTHOCTH. [IpOcTpaHcTBeHHbIe CKOPOCTH OfLEKTOB BBIYHCIISAIOTCH Ha
moboit HeobxoaUMbBI MOMEHT BpeMeHH 1o hopMyIaM

I

—2B

U(t) = U(0) cos(kt) — V(0) sin(kt), (2)

Vit) = ?U{O) sin(kt) + V' (0) cos(kt),
Wit) = W({0)cos(vt) — Z(0)rsin(vt).

X(0),Y(0),Z(0) u U(0),V(0),W(0) B ypapmenuax (1)—(2) obosHa4YawT COBPEMCHHEIE
MOMOMKEeHusd W cKopocTH  00bekToB. Cxopoctu U, V,WW MBI 1aeM OTHOCHTELHO
MecTHOIO cTaHfapTa IoKosd, uMetomiero mapamerpel (U, V.Wipsp = (10.00,5.25 7.17) =
(0.36,0.62,0.38) xm/c (Henen, Bunmm, 1998). Cnenys ®@ykey u gp. (2006), Mbl npHEAImM
po = 0.1 M, /o3 wro maer v = 0.039 xm/c/uk u v = 0.074 xm/c/nx. [punaro
TaK Ke Cjeayione sHadeHHd mocroamuabix Qopra A = 13.7 £ 0.6 kum/¢/KOK H
B = -129 £ 0.4 km/¢/Knk, Koropble 6butn maitgenwsr B pabore Boboutesa (2004) us3
aHaII3a He3aBHCHMBIX OIIpeIe/eHHI STHX MapaMeTPOB PasINYHEIMH aBTOPAaMH.
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BapuvaHT Xyrepsepda v ap.
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BapwaHTt Xyrepsepda 1 ap.
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B pabote Xyrepsepda v ap. (2001) 6b1no nomnyyeHo:
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208/ do
0=25nK

74 115/ 3 000 000 = 2.5% cbnmkeHun oo Ar<10 nk



Vrad, kmfs

| kmfs

mu_al*

mu_dl, kmfs

40

307

20 ¢

107

mu_dl, masfyr

mu_al*, masfyr

-8 -7 -6 -5 -4

mu_al*, masir

-10
15 25 35 4
Par, mas
3 T T
9 1
A0 [ 1%
(13
£
ﬁ-I
A1 7 18
A2 b
-13
15 25 35 4 0 5 10 15 20 25 30 35 40
Par, mas Vrad, km/s

V rad, km/s

mu_al*, masfyr

mu_dl, masfyr

200

70 L
150 1 65 [ PSR T
100 | 0 1
= 55 1
50 B ‘@é
— a0 T
0 o
E 4 1
50 1
40 b
-100 1 15 i
-150 30
3 4 3 [ 70 75 80 8 90 95 100 105 110
Par, mas mu_al*, masfyr
110 T T T 110
105 105
100 100
95 £
g
a0 £ 90
uSI
5 g2 @
80 80
75 7o
70 70
3 4 5 6 -150 100 -50 0 50 100 150 200
Par, mas Vrad, kmis
70 T T T 70 T T
65 PSR 1 et PSR 1
60 7 50 1
55 1& 85 1
£
50 15 % ]
|
45 12 45 1
40 1 40 1
35 1 1 1
30 30
1 3 4 9 [ -150 100 -50 0 50 100 150 200

Par, mas

Vrad, kmis



900 T 1100
] L i
800 i 1000 L
700 {0 SoF — | 7
800 | 1
600 200 | - |
500 1 600 [ |
400 500 |
300 j 400
300 [
200 200 |
100 8 100 |
0 0
0123456 7 8910 07 08 09 1 11 1.2 13 1.4 15
Ar . pe To, Myr
A2 ‘__.-_\‘2
Fyp(A,) = —F=exp|——= 22 708 / 3 000 000 = 0.8% c6 Y <10
) 203/ 402 = 0.8% conwmxeHnn go Ar MK

o=6rnK



Z, pc
150 1 IC 4665 Cr 339
100 [
50

-20

7100
500

X, pc 400



Y, pc

600

500

400 |

300

200

100

-15 Myr
@ _
I B T
77 1C 4665
. UCL |
LCC O
0 100 200 300 400 500

X pc

600



BbIBO/bl

2. BapwuaHT Xyrepsepda n gp (2001) ¢ HoBbIMW AaHHBbIMKW A4
nynecapa PSR B1929+10—( Oph Hanbonee BeposaTeH
74 115/ 3 000 000 = 2.5% conuxeHun oo Ar<10 nk
BapnaHt PSR B1929+HIP 86768 Ha BTOpoM MecTe
22 708 / 3 000 000 = 0.8%
BapnaHt Bontepa (2001) RX J185635-3754—C Oph
2144 / 3 000 000 = 0.07%

2. PC3 IC 4665 B nocrnegHue 10-15 MnH neT Bceraga pacnorsaranoch
B6nmn3n CesepHoro nongapHoro wnypa (150-200 nk), nosaTomy
B3pbIBbl CBEPXHOBbIX B |IC 4665 MOrnm okasbiBaTb BIIMSIHME Ha
xapaktep popmupoBaHud netnu L1
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