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The Supernova Legacy Survey: Measurement of Qy, 2, and w
from the First Year Data Set *

arXiv:astro-ph/0510447 vl 14 Oct 20035

fit parameters (stat only)
(. Q24 (0.31 +0.21,0.80 + 0.31)
(g — Qp Qg + Q4) (—0.49 + 0.12,1.11 £ 0.52)
(g, Q4 ) fat Oy = 0.263 £ 0.037

(. Q24) + BAO (0.271 + 0.020,0.751 + 0.082)
(O, w)+BAO (0.271 +£0.021,-1.023 + 0.087)

Table 3 Cosmological parameters and statistical errors of
Hubble diagram fits, with the BAO prior where applicable.



Fig 6 Contours at 68.3%, 95.5% and 99.7% confidence lev-
els for the fit to a flat ({dy,w) cosmeology, from the SNLS
Hubble diagram alone, from the SDS55 baryon acoustic oscil-
lations alone (Eisenstein et al. 2003), and the joint confidence
contonrs.
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Binary and Milliseccond Pulsars =iy astro-ph/0511258 v 9 Nov 2005

Duncan R. Lorimer

~ 1700 Radio Pulsars

Supernova
Remnant

Figure 1: Venn diagram showing the numbers and locations of the various types of radio pulsars
knoun as of January 2005. The large and small Magellanic clouds are denoted by LMC and SMC.
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dP/dt

log[ Period derivative {s s™'} ]

Binary 1073 0.01 0.1 1 10

P Period (s)

Figure 3: The P-P diagram showing the current somple of radio pulsars. Binary pulsars are
highlighted by open circles. Theoretical models [64] do not predict radio emission outside the dark 11
blue region. Figure provided by Michael Kramer.



Figure 6; The sky distmibution of pulsars in Galectic coordinates. The plane of the Galary is the
central horizontal line. The Galactic centre is the midpoint of this line. Millisecond pulsars are
indicated in red. Binary pulsars are highlighted by the open circles. The more isotropic distribution

of the millisecond and binary pulsars reflects the differences in detecting them out to large distances
cf. the normal population {see Section 3).

. Millisecond Pulsar (O Binary
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Spiral structure
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Figure 11: Left panel: The current sample of all known radio pulsars projected onto the Galactic
plane. The Galactic cenire is at the origin and the Sun is at (0,8.5) kpc. Note the spiral-arm
structure seen in the distribution which is now required by the electron density model [73, 74].
Right panel: Cumulative number of pulsars as a function of projected distance from the Sun. The
solid line shows the observed sample while the dotted line shows a model population free from
selection effects.
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Table 4.2. Confirmed black hole binaries: X—ray and optical data

i R AR

Source F(M® M5 fHFQPO) fLFQPO) Radi® ES... Relerences
(Mg} (Mg) (Hz) (Hz) (MeV)
0422432 1.10+0.02 3.2-13.2 = D.03532 P 08,12 12345
0538641 23403  5.9-9.2 = 0.46 - D05 67
0540-697 0144005 4.0-10.0: = 0.075 - 6, 87
0520-003  2.72+0.06 B.7-12.9 2 2 PJ? 0.03 91011
100945 3.17+0.12  6.3-8.0 - 0.04-03 -% D40, 1: 124,13
11184480  6.1+0.3 6572 . 0.07-0.15 0.15 14,15,16,17
1124-684  3.01+0.15 6582 = 3.0-8.4 P 050 18192021
1543-475  0.25+0.01 7.4-11.4° = T I 030 224
1550-564  G.BA+0.71 S4-108 92184276 0.1-10 PJ 020 232472592627
165540 2.73+0.09 6.0-66 300450 0.1-28  PJ 080 2829303154
1650-487 = 308 - - 0.09-74 P D45, 1: 32,33,4,13
1705-250  4.86+0.13 5.6-8.3 - . 4 01 3435
1819.3-2525 3.13+0.13 6.8-7.4 - - P.J 002 3637
18504226  T4+L1  T.6-12 190 0510 PJ? 02 38394041
19154105  9.5+3.0 10.0-18.0: 41.67,113,168 0.001-10 PJ 0.5, 1: 42,4344 4,13
19564350 0.244+0.005 6.9-13.2 : 0.035-12 PJ 25 4546474849
20004251  5.01+0.12 T.1-T8 = 2426 P 0.3  18,50,51
20234338 6.08+0.06 10.1-13.4 - . P 0.4 52,53
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Figure 28: Distribution of neutron star masses as inferred from timing observations of binary
pulsars [292]. The vertical dotted line shows the canonical neutron star mass of 1.4 M. Figure
provided by Ingrid Stairs.



hEFEDEENINTDREE TREST-
EE/NLY—PSR1913+16
(1993FE/—RN/LYEBFEE

B 110 Froa (Pt yia) o300m EERES, K1)
—xipERBLTEONEL, HHRARKOBHEEEHT

) 20




EEDFE/NTAF—

c FIEREFEE ~ 708km(FIZAREZDFEE)
e NER[EHR ~ 8HEfHE
- 5@ (BEDLE ~ 0. 6)

o« BRNIY— = IEELGRET
e 5l PSR1937+21M/\JL A HA
1. 557806468197943 %)

HEE2/VLY— PSR19134+16IZBEKMNEZ T
= T—HxfBxtsm D EERF | 21




» ¥I15FERMDPSR1913+16ADEIR/ ULADE
BRI T —FEMHD

#* 3-2 PSR1913+16 DU/ v5 X — %

o 197 15 28° .00018(15)
5 16°06/27" .4043(3)
po (1073 arcsec yr~1) -3.2+1.8

ps (1072 arcsec yr=!) 1.2£2.0

v (s—1) 16.940539303295(2)

@ (10" a7 =) —~2.47583(2)

i (10727 g—9) <6
e = 0.6171308(6) ’
w = 4.226621(6) deg yr—!
Yy = 4.295(2) ms

}

27906.9807804(6) s
—2.425(2)107 12 g~1 =

|

b
Py

e P R i i




() Zaro pe'rio'd derivetive

X Eaii E'eatl—ﬂt' I‘Elﬂidl'l.lhllﬂ

w 0.5 —
E *h 2
— I
= - =)
&= :7(Ii 5 ?‘ B
] B L
Z-05 | =
: 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1 I 1
1876 18640 1876 1880
{::j ll—arlr:m:in l:unéitit;n ilerr:'::ri _[dj Eéml pr'ape'r ﬁmﬁnn '
= 50 ' G
L] i . !
o 0 I ] o
2 . 5
-E i : I.E
g —50 | J . o
: 1 I 1 1 I : 1 I 1 1 I

1876 1868 1970 1880

Year Year

Figure 22: Timing model residuals for PSR B1133+16. Panel a: Residuals obtained from the
best-fitting model which includes period, period derivative, position and proper motion. Panel b:
Residuals obtained when the period derivative term is set to zero. Panel c; RHesiduals showing
the effect of a 1-arcmin position error. Panel d: Residuals obtained neglecting the proper motion.
The lines in Panels b—d show the expected behaviour in the timing residuals for each effect. Data
provided by Andrew Lyne.
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Figure 5: Measurements of the coefficient (14 )/2 from light deflection and
time delay measurements. General relativity value is unity., Arrows denote
anomalously large values from early eclipse expeditions. Shapiro time-delay
measurements using Viking spacecraft yielded agreement with GR to 0.1
percent, and VLBI light deflection measurements have reached 0.02 percent.
Hipparcos denotes the optical astrometry satellite, which has reached 0.1
percent. 40
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Table 2. Binary systems containing radio pulsars which coalesce in less than 101° yr.

PSR P B, e 'Total Mass Te Tew Reference
(ms)  (hr) My (Myr) (Myr)

JO737—3039A 22,70 245 0.088 2.58 210 87 Burgay et al. (2003)
JO737—-3039B 2773 245 0.088 2.58 50 87 _Liyme et al. (2004)
B1534+12 37.90 10.10 0.274 2.7 248 2690 Wolszezan (1990)
J1756—2251 28.46 7.67 0.181 2.57 444 1690 This Letter 2004
B1913+16 59.03 7.75 0.617 2.83 108 310 Hulse & Taylor (1975)
B2127+11C 30.53 8.04 0.681 2.71 969 220 Anderson et al. (1990
J1141—-65457  393.90 4.74 0.172 2.30 1.4 590 Kaspi et al. (2000)
J1906+0746 144 4 0.085 2.6 0.144 300

Note. — One neutron star-white dwarfl and 5 DNS systems. PSR B2127+11C is in a

globular cluster implying a different formation history to the Galactic DNS systems. Here, 7.

is the pulsars’ characteristic age and 7Tgw is the time remaining to coalesce due to emission of

gravitational radiation. The total coalescence time is 7. + Taw.



Table 1. Observed and derived parameters of PSR J1906+4-0746.
Parameter Value
Right ascension (J2000) ......................... 19106™483673(6)

Declination (J2000)

Sp]n pericudl D frnc.'}

07°46/28.6(3)"
144.071929982(3)

Spin period derivative, P

Epoch (MJD)

Orbital period, Ps (days)

Projected semi-major axis, = (It s).

Orbital eccentricity, e
Epoch of periastron, T (MJD)
Longitude of periastron, w (deg)
Periastron advance rate, w (°

yr )

Dispersion measure, DM (em™3pc) ..............
Rotation measure, RM (rad m™2)..
Flux density at 0.4 GHz, Sy4 (mlJy)
Flux density at 0.8 GHz, Sps (
Flux density at 1.4 GHz, 5,4 (
Flux density at 3.2 GHz, S35 (
Flux density at 6.0 GHz, Sgq (mly)
Main pulse widths at 50 and 10% (ms)...........

Characteristic age 7= P/2P (kvr)

2.0280(2) x 10—
53590
0.165993045(8)
1.420198(2)
0.085303(2)
53553.0126685(6)
61.053(1)

7.57(3)
217.780(2)
+150(10)

0.9(2)

0.72(15)

0.55(15)

0.12(3)

0.030(7)

0.6 and 1.7

112

Magnetic field, B = 3.2 x 1[]19(PP)le2 (Gauss)..

Spin-down power, E = 3.95 x 10*P/P? (ergss— ]
Inferred distance, d {kpc}

Spectral index, a . s o
Radio luminosity at 14GHz Sl 4d2 {111.]1; kpc )

Mass function, f(m,,m.) = 4?21'3/(T@P2:] (Mg).
Tota] system mass, M =m,, + m,, (Mg).........

1.7 x 102
2.7 x 10%
~5.4
-1.3(2)

~ 16
0.1116222(6)
2.61(2)

Graviserenal-wavecoalesconce time 7, (Myt)

~ 300

PSR J1906+0746-like objects to be . 60 x (0.2/f) ]‘b’.[yr_l.

30
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Figure 7: Cartoon showing various evolutionary scenarios involving binary pulsars.
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Heavy Neutron Stars? A Status Report on Arecibo
Timing of Four Pulsar-White Dwarf Systems

David J. Nice & Eric M. Splaver

Physics Department, Princeton University
Bozx 708, Princeton, NJ 08544 USA

Ingrid H. Stairs

Department of Physics and Astronomy, Universify of British Columbia
6224 Agricultural Road, Vancouver, BC V6T 121, Canada

arXiv:astro-ph/0311296 vl 12 Nov 2003
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Table 1. Mass Measurements from Timing Analysis
Pulsar Orbital  Eccentricity Mass Pulsar Mass
Period Function (95% confidence)
By, (days) e fi (M=) my (M)
J 062141002 8.32 0.002 457 0.0270 1.1-2.3
J 075141807 0.26 0.000 003 0.0010 1.6—2.8
J 171340747 67.83 0.000 075 0.0079 1.2-2.1
B1855+4-09 12.33 0.000 022 0.0056 1.4-1.8
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Figure 1. Constraints on pulsar masses and orbital inclinations. In-

ner and outer contours are 68% and 95% confidence regions, respec-

tively, based on timing data alone. Shaded areas indicate theoretical

limits within these contours, from the assumption that the companion

is a white dwarf (J0621+1002) and from predictions of secondary star

masses from the P, —ms relation (B1855+09 and J1713+0747). (There 34
are no theory constraints on JO75141807.)



A 2.1 SOLAR MASS PULSAR MEASURED BY RELATIVISTIC ORBITAL DECAY

Davip J. NicE avp Eric M. SPLAVER

Physics Department, Princeton University
Princeton, N.J 08544

arX1v:astro-ph/0508050 vl 1 Aug 20035
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Fic. 2.— Constraints on Shapiro delay parameters r and s from
the basic timing analysis. Inner and outer contours delimit 68%
and 95% confidence regions.
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TABLE 2
Tmine MopeEL PARAMETERS®

Basic Timing Model (Three Post-Keplerian Parameters)

O R L L ——— 116933362028(2)
Ecliptic latitude, § ............ooieeeiiiiiieee.. —29807548(2)
Proper motion in A, gy = cos F{dA/dt) (mas/yr}) ...... —0.35(3)

Proper motion in 3, ug (mas/yr) ... —6(2)

Parallax (mas), w ........ e R i AR A R 1.6(8)

Rotation frequency, vo (871) c.iiiiinininn, R 287.45T858630106(2)
Rotation frequency derivative, #1 (s72)% (..ooiiinn... . —6.4337(4) x 1016
Epoch, tg (MID [TDB]) ...coviiiiiiiiiiiiiiiiiina 51800.0

Dispersion measure, DMp (pcem=3)% ... ......c..... . 30.2489(3)
Dispersion measure derivative, DM, (peem—23yr—1) ... —0.00017(1)
Orbital period, B, (days)? ... . i, 0.263144266723(5)
Projected semi-major axis, @ (It-8) ...... oot 0. EQEEIE?{EI{
B Y B s i b e s e e a N e R e 5(11) x 10~

Time of ascending node, tas (MJD [TDB]) ........... EIEIDI] 21573411(2)
Orbital period derivative, Py (unitless) ................ —6.2(8) x 10—
Shapiro parameters, r and 8 .....ociiviiiiiiiiiiiaas . see Figure 2

General Relativistic Timing Model (Two Post-Keplerian Parameters)

Cosine of inclination angle, cost ....... ... 0. 41"_'3 1.::[,

Puolrar msss, vy (Mg) .oooooooiniinaniniannoaiis 2102
Secondary mass, g (Mg} sosmaainanaiaiemess 0.191(15)

3 Figures in parentheses are 68% confidence uncertainties in the last digit quoted.

BObserved value, not corrected for acceleration biases; see Table 3.
“Formal uncertainty in the timing fit. No attempts were made to correct for pulse shape evolution over

frequency.
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the general relativistic timing model. Confidence limits of 68%
and 95% are shown. These are the same constraints as the
right plot of figure 3, cast into a different parameterization. The
shaded region in the lower left is disallowed by the Keplerian mass
function. Dashed lines show constraints from Fj alone. A dotted
line indicates inclination 7 = 60°.
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| 0.41755% (68% confidence)
Cosi = s
0.417575 (95% confidence),
2.1+0.2M; (68% confidence)
e { 21702 Mg (95% confidence),

and

{ 0.191+0.015M, (68% confidence)
M =

0.191 5558 Mg (95% confidence).

cos ilFFFEIIHFEY LG, BEIDEEIE
LRI D25 TR S,
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TABLE 3
BIASES OF PULSAR AND ORBITAL PERIOD DERIVATIVES

B\ _(B) . (B) .
P, - P, B, /. Quantity P P,
obs A s
. Measurement ..
Fy 7.7860 x 10~2!  —6.2 x 10~ 14
+ B, + Uncertainty £0.0005 x 10-21  40.8 x 10-14
Q Acceleration biases . ..
Proper motion 0.35 x10—2 0.2 x 10—
z-acceleration —0.19 =10~ _—p1x10—14
Galactic rotation 0.19 x 10~ 0.1 x 10~14
Imtrinsic value ...
Measurement—Bias  7.44 x 1073 g4 x 101
Uncertainty +0.4 x 1021 409 x 10—14
— H L B B B B s B B B S B
> 100 L i
,.g E nms+orr — | 3
"g 1;]:. H1BGG+09 — A
Iy F TMa7-4715 F———- 3
3 ]
P { [ Twee-are H i
't—ﬁ' J10 12+ B30T
- - J07TEL+ 180T
B 0.1k
l::: i [ TN NN TN S NN NN | IS R AN T TR N | | I N T |
0.5 1.0 1.5 25
Pulsar Mass {Ma}
Fic. 5.— Measured pulsar masses in circular pulsar—helium

white dwarf binary systems as a function of orbital period. Data
are from this paper, Jacoby et al. (2005), Lange et al. (2001),
van Straten et al. (2001), and Nice et al. (2005), and references
therein.
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Critical point of QCD at finite 7" and p, lattice results
for physical quark masses

Z. Fodor*?, S.D. Katz®*

arX1v:hep-lat/0402006 vl 8 Feb 2004

ABSTRACT: A critical point (E) is expected in (QCD on the temperature (1) versus baryonic
chemical potential (u) plane. Using a recently proposed lattice method for u 0 we study
dynamical QCD with ny=2+1 staggered quarks of physical masses on L; = 4 lattices. Our
result for the critical point is T = 162 £ 2 MeV and pg = 360 &+ 40 MeV. For the critical
temperature at g = 0 we obtained T, = 164 &+ 2 MeV. This work extends our previous
study [Z. Fodor and S.D.Katz, JHEP 0203 (2002) 014] by two means. It decreases the light
quark masses (m, 4) by a factor of three down to their physical values. Furthermore, in
order to approach the thermodynamical limit we increase our largest volume by a factor of
three. As expected, decreasing m,, 4 decreased ug. Note, that the continuum extrapolation

is still missing
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my.q = 0.0092 and mg = 0.25 123 - 24 lattices.

values. The pion to rho mass ratio, extrapolated to our T' == 0 parameters, is 0.188(2) (its
physical value is 0.179), whereas the pion to K mass ratio in the same limit is 0.267(1) (its

physical value is 0.277).

The partition function of lattice QCD the link variables U
Z(B,m,p) = fDU exp[—Sp(3, U)][det M (m, p, U]/
— /’DU exp[—Sp(Buw, U)][det M (mu, pw, U]/

det M (m, u,U) ™74
det M (1, iy, U) ’

{exp[Sb(ﬁ, U) + Sp(Bw,U)] [

1 1s the quark chemical potential ny degenerate staggered quarks

the determinant of the quark matrix M the bosonic action S,

p:kT|nZ/V 43
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Figure 2: The phase diagram in physical units. Dotted line illustrates the erosgover, solid line the
first order phase transition. The small square shows the endpoint. The depicted errors originate
from the reweighting procedure. Note, that an overall additional error of 1.3% comes from the
error of the scale determination at T=0. Combining the two sources of uncertainties one obtains

Ti = 162+ 2 MeV and iz = 360 + 40 MeV.
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PHEFEODKREHFEN

G=c=1NHH %

ds? = /(a2 — 4" iy — (62 + sin 6%d¢?)
(1-22(0)

dﬂ;(r) = 47r2p(r)

" 3
dv(r) _ m(r)+4nr>p(r)
2dr 7"2(1—2m(fr‘)/7")
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TOV A2 (1939)

« —R%#B %t 5w A0 F 1 f%(Tolman Oppenheimer
Volkov AFE=)

dp __ Gm
dr — P72

43 _
f=QQ+ A+ B -2

p=p(p)7?

50



¥ ] B

PDZEEERBAERZEZAE. FHFEDFELEEN
TOVAREAZHRDNLHECIEICKOTRES,

hEFEDFENE=DEELTHEON-LIREAERIX
KRELHMN?

YES. Lindblom 1992

THE ASTROPHYSICAL JOURNAL, 398:569-573, 1992 October 20
(i 1992, The American Astronomical Society. All rights reserved. Printed in ULS.A.

DETERMINING THE NUCLEAR EQUATION OF STATE FROM NEUTRON-STAR
MASSES AND RADII

LEE LINDBLOM
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T2

P

FiG. 1.—A schematic representation of the map—generated by the OV
equations—that takes equations of state into mass-radius relationships.
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o PO)+Pp
TOVAE=
dm  Amp(h)r’(r — 2m) ar__rlr—2m
dh  m+ 4nrp(h) dh m + 4nr’p(h)

)p(h), p(h) are known for h < h;
2)M = M;, R = R,

for pc = p(h;) = p;, pc = p(hi) = p;
3) for M;41, R;41 integrate TOV

from h =0 to h = h;
4)m:mi7T:Ti 53



_, L 5(3m
Pc_pi 2 4?11"? pf

2n 2n
Pe = Pi+ = (pi + p)p: + 3ps)r?[1 + 5 (pi + 3p,—)r§]

3m.
+5 (6p + llpa( - pi)rf

dnr;
hczhi—i— p{.‘_pf (3_pf+pf)
2(p; + pi) pP; + D;

We can extend the equation of the state up to

h = he = hjtq
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BRER CCADEEEFEDT IS, ENIEATEEN ?

M,RAOMEILMEoNGELMGE
P — P; TIXREFRALH->TLSET S

p ( p )lng (pc/pi)/1og (pe/pi)
Pi Pi

ElRE
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Fi1G. 2—The equations of state used to study the inversion of the OV map:
BJ is the Bethe & Johnson (1974) equation of state (model 1); and RMF is the
relativistic-mean-field equation of state of Serot (1979).
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FiG. 3.—The mass-radius relationships determined by the OV equations
from the BJ and the RMF equations of state.
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0 77 Cutoff Density: -
@ 1 034 | ,.{"/* + 1.0x1014
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1033 .7 . . . o
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Energy Density

Fi1G. 4—The equation of state inferred from the RMF mass-radius data
using the “one-step™ algorithm. Each equation-of-state point is determined
from a single neutron star mass and radius, and a knowledge of the equation of
state below the specified cutoff density. For comparison the original RMF
equation of state is plotted as the dashed curve.
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1) EHKRDpower spectrum [Zform factor&EL THED
WEIZLEFIL-IRB M DRERTE—IMNERND
Saijo and Nakamura 2001

Av = 5kHz(5gt—) 1

IREFAEXITIRFLLGULAD., IREI IS

VOLUME B3, NUMBER 13 PHYSICAL REVIEW LETTERS 25 SerTemMBpEr 2000

Possible Direct Method to Determine the Radius of a Star
from the Spectrum of Gravitational Wave Signals

Motoyuki Saijo*
Department of Physics, Waseda University, 3-4-1 Okubo, Shinjukn, Tokyo 169-5555, Japan

Takashi Nakamura'
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FIG. 19. Deformation of the shape of the spherical disk whose
radius is set up at 7= 10M in the case of a/M=09. L,/M=2 [(a)
RIM=1.56, (b) R/M=588]. Solid line shows the geodesic for the
center of gravity of the disk, while circle, square, diamond, and
triangle show the edge of the disk where the location of the center
1s at r=10M, 6 M, 4M, 2M, respectively.
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TABLE 1. Comparison with the characteristic length from the
energy spectrum of gravitational waves to the radius of the disk.
R denotes the coordinate radius.

R/M Aw 1/Aw
3.09 0.335 2.99
3.83 0.270 3.70
4.54 0.233 4.29
5.22 0.200 5.00

5.88 0.175 5.71
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