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e ~ 1600 known pulsars
e ~ 100 binary pulsars

O

! dio waves
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®

observer

Many NS-WD binaries 8 NS-NS binaries

Precis; ; ( PSR B1913+16 [Hulse-Taylor 1974]
PSR J1141-6545 — rrecisiontestsol ) pop B1534+12  [Wolszezan 1991]

[Kaspi ef al. 1999] strong-field gravity . PSR JO737-3039 [Burgay et al. 2003]

PSR J0407+1607 PSR B2127+11C (in globular cluster)
PSR J2016+1947 PSR J1756-2251 [Faulkner et al. 2004]
PSR J1518+4904
PSR J1811-1736
PSR JO751+1807 = 2.1 mg NS! PSR J1829+2456

[Nice et al. 2005]

PSR J1906+4+07  [Lorimer et al. 2005]
(maybe NS-WD?)
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PSR B1913+16

companion in general relativity
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25 Ar
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Vr = 4.294 ms p—
P =2421x10712

my, = 13873 m

R R T T S S S SR mA/m®

0 0.5 1 1.5 2 2.5 pulsar

Discovered by R. Hulse and J. Taylor in 1974
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PSR B1913+16

companion in general relativity
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PSR B1534+12
in general relativity

Intersection

Discovered by A. Wolszczan in 1991
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“Galactic” contribution to P
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Formation of PSR J1141-6545:
neutron star born after the white dwarf

[Tauris & Sennels 2000]

main sequence stars
5<M;/mg <11
3<My/mg <11

t= 0.0 Myr

M, M,
P=10.0 days 'IC@ T.0Mg 5. 0Mg
A7 3 Cm
10.0 3
A7.6
Bt <@® 1.48 1052
3

Roche-lobe overflow
—> significant mass transfer

Helium core

settles as a white dwarf
13253 Bzbh: TH:SE
TG Red giant
1726 3 0.86 10.52 Roche-lobe overflow
—> orbit shrinks
Common envelope
quick => small mass transfer
White dwarf inspirals
g towards the giant's core
T0.51 N 0. 85 © 45 = envelope ejected
0. 19 ' '
K
730 2 ,.-"r w= 300 km/ s Helium core collapses

0 19 CE'I i e= 105" = type Ib/c supernova

i f'lH& p= 90°

t=73.0 Myr Q Myp=0.86 Mg

P= 2.21 days 9 Mu=z=1.30Mg
e=10.7T64
Vews = 228 knis

Momentum kick to
newborn neutron star

—> eccentric final orbit
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companion in general relativity
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25 | Asymmetrical system
j . neutron star— GOSN E v
. @
. Neutron star born after white dwarf
2t = eccentricity e = 0.17 large
| and nonrecycled pulsar
| intersection <1
I S S .
L5 | P=-4x10"
1 Mass function
.' . .\3 2 3
(m, sin i) (2 71:) (xc)
2 —_
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2nd pulsar in general relativity pulsar A
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Timing Burgay et al. 2003, Double pulsar Lyne et al. 2004, latest analysis Kramer et al. 2006



* BEST Fe,a(~vne, of this 17«5"€m : Lo/"\ pectron shhre e

Ae/{-go('e,c( Y EV[Sars |
One IS f‘?-C)rC(ec{ P =23 m,/ lpu}—oévwc—sl;, no

PSR A
{"qg other one. ?FHB = 2.8 ¢ :.v&r7 SIOW-]

_ 3 gc({rses of rvlSWA 2nd MOJV{"’H"“’ of B }7“[55—1 2 f-

Al Fr&?wem? = rn!oe, /Dv[hr mafne(’asp“&!.
 Timing of PSR B g ives medseres oF its Kepldin pinmefor
(l’w neisy For the Fvﬂ'fkep/e’f% y and hobé//., of ifs

m‘ec(’ec( SeME-maJ‘ar axics  As_sini = Deg, '

F —<c

> direck messure oF Xz o M _ |07
XA mp

’J/lq,-s 5 2R ek’f‘f‘a-wn;]'ar'n/' o the rmas Ib/;r,e, @Ay"'@/
N B,C(d:h""\ {'o )’T/a:)/ r;, s h\c{ P wﬁu‘cl\ f\a,ve, 3/50

obs. misre s

been measvne_c( y
= 6 -2 = @ /'45’{'5 of flLfbn _f'.‘e/q/
= J
groviby with s <4l 5,;!%,A

(250 ¢

T 7
© {-33?’ MA/M@

+ Constryints  Frm Swags Fonction? [(f)aﬂ For A4 3)/

Wh;’blr\ ek(,ll/‘[& mub’/’ ﬂP ]"Ae. masy ?’aﬂe__ (ﬁncz S'm:';v_.l)
bv}' HMZ.. ¢'hl~&’.rjecf‘r"wn o< [pns_;f'}'elq/— WJ'H, H”@M_ /



&)

M.:D)Mavr & T?’yl"r [PI’IVS-IQeV. D ﬁ (”32) ,540] Lal’e
5]10wh l’hb['
8 FFK P2 reme !'6"5 } ma Le ;'\Jeloeqalgh/'/),

méasered For each

oIl pliessbechoe s T s

= ’3— %khovvh - IZ = @ ,9955;;[9- i_es}} Wiﬂ‘
masses ;f;th‘ﬂn eack 17"'137 }"’/—‘3"!

Ab Freseﬂ"/ we hive 1+ 3 +« f’}' + C’E = 9 lesks

[983+6 153402 WL[-65¢5 07373039
with & # 19""‘7?‘"5“5- J other fesk (les c/ean)/{’l‘haf

wWe will see in 55 B g below.

e

B é (an)kﬂ(ﬂ"; 0 S(&[Af",{'e'ﬁSOf‘ {’tle,arz'ej

%AS seen in § AT al'?ave/

vedéc "e.a{ n 5¢o [3c. Feusor

a// fOS}'—- k’ef!en'aa flrame/-a—;
H/Iepff‘af/ }‘—\‘{ //I’Je/v L>n ILLI-«;

a e
\g@, corhi;)/-ag{ Wt’[/l‘l e,\/fe.n'n'\_e-mg—h/ ‘{Af'}.
O ne. Finds “\ak some theones { ;L:( ,\*Z\ai,—:i‘;:!/y
F;;; {/L‘Q/ !’-&SI‘; )I FLIOUJ/A ”l\;v : rv,&{ ﬁv['
(an J{fF'pe-( )’i‘J/m'F;"c;.\H/- Pf'om G,Z (
4 MB/M .-‘nl'(r eef:”, l
t 7 TJ?:?» rha; difte r ;{3 7 NO commen
From Elgg’ ahj’ l :nlersec boa
X o' aine i
in 6o N

e T e
—



neutron star
0—-
scalar charge

|0
A

Strong-field effects oo
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baryonic mass
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mG,; =G (1 +o,05) depends on internal

structure of bodies A & B

A B A B
O('A OLB
graviton scalar

m Similarly for (YPPN— 1) and (BPH;— 1)  => all post-Newtonian effects

A B B
e—0 ’
O('A OCB
A A
OLA OCA
m Energy flux = Quadcrgl pole +0 (%) spin 2
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1n scalar-tensor theories

PSR B1913+16
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15F
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General relativity

passes the test

A tensor—scalar theory
which passes the test
(BO =-4.5, 0, small enough)

A tensor—scalar theory
which does not pass the test

(By =6, any o))

1 m,/m
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Solar-system & PSR B1913+16 constraints
on scalar-tensor theories of gravity

matter
matter-scalar
coupling function ¢
InA@ ol PSR
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< \| 0015

VLBL N 0010
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¢
binary pulsars general relativity O< 0

impose By > —4.5

BPPN_ 1
VPPN_ |
2 1

Vertical axis (By =0) : Jordan-Fierz—Brans—Dicke theory o = T
BD

1.e.

<1.1 [T. Damour & G.E-F 1998]

Horizontal axis (o = 0) : perturbatively equivalent to G.R.
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The four accurately timed
binary pulsars in general relativity
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Solar-system & best binary-pulsar constraints
on scalar-tensor theories of gravity

matter-scalar
coupling function

In A@) matter
n A
C)r——vo
o o
Bo<0 E E
¢+ | 0050
>0 E E PSR
e ¢ L 0.045 B1913+16
% ¢ .
v ;o
PSR
J1141-6545
Bo
matter @
binary pulsars general relativity O< @
impose Py > —4.5
PPN |
Le | < 11 [T. Damour & G.E-F 2006]
vooo—-1
Vertical axis (g =0) : Jordan—Fierz—Brans—Dicke theory oc% =1

2 Wgp + 3
Horizontal axis (o = 0) : perturbatively equivalent to G.R.
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Solar-system and best binary-pulsar matter Logarithmic
constraints on tensor—scalar theories @ ! scale for oy

(updated May 2006) g
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Gravitational wave antennas

LIGO/VIRGO/LISA
signal
m Signal emitted by an ' (depends on hundreds
inspiralling binary system: > >> /\\/\\'/\V/\'\/\vA\]AU(\UAV”U{\V“U”V’\U time  of postf-?le?wt?r)lian
- coefficients

m Effect on a detector:

-

| Spacecraft #2

~

Spacecraft #1




Noisy data Signal h(t)

Cross correlation

Gravitational wave antennas One needs accurate (3.5 PN)
templates to extract the

LIGO/VIRGO/LISA signal from the noise

Extracting the inspiraling binary signal from noisy data by Matched Filtering
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Energy flux = Quadr:lpole +0 <i7> spin 2
Gravitational waves ¢ ¢
in scalar-tensor gravity N Monopole o4 | 2+ Dipole N Quadrupole +0 1 <pin 0
c c? c3 c> c’ P
m Collapsing star
/// \\\ Earth
O Ss
\\\ /// 1 [—yPPN
Factor o, = ~ < 0.003
\2055+3 2
Energy flux Detection /
= (strong field)? = (strong field) x (weak field)
= Monopole/c = too small for LIGO/VIRGO
>> usual Quadrupole/c’ [J. Novak's thesis, PRD 57, 4789; 58, 064019 (1998)]
and not in LISA's frequency band
m Inspiralling binary
Even if no helicity-0 wave is detected, the time-evolution of < >
the (helicity-2) chirp depends on the Energy flux = (strong field)?

=> A priori possible to detect indirectly the presence of :

If binary inspiral detected with GR templates
=> bound on matter—scalar coupling strength

[matched-filter analysis: C.M. Will, Phys.Rev. D 50 (1994) 6058]
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Chirp evolution in general relativity
signal

time

For an unknown mass of the system o
: in phase : i out of phase
signal | : E

../\./\./\/\f\/\ ﬂ
RARARAI U\

time

Chirp evolution in a tensor—scalar theory



Solar-system and possible LIGO/VIRGO matter
constraints on scalar-tensor gravity Oi P

|0l
[Damour & GEF 1998]
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Cassini

Bo

6 4 2 0\2 4 6
matter 0
general relativity O< ()
Vertical axis (Bp = 0) : Jordan—Fierz—Brans—Dicke theory oc(z) =1
20, +3

Horizontal axis (o = 0) : perturbatively equivalent to G.R.
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Solar-system, possible LIGO/VIRGO, and binary-pulsar
constraints on scalar—tensor theories of gravity

matter

LIGO/VIRGO
NS-NS

Bad news: LIGO/VIRGO will not probe scalar effects
Good news! = GR templates can be used securely

O—v
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A
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y 0.2 / NS-BH
§(t}75
570.15 B1534+12
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0 2 4 6 matter
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Possible LISA constraints
on scalar-tensor theories of gravity

Snl/2(f) (HZ-1/2)

= Tight constraints if detection of binary inspirals with GR templates

LISA will probe [olg| ~ 1.5 x 107 if 1.4 m | NS — 1000 m _ BH

observed with S/N = 10

[Scharre & Will 2002; Will & Yunes 2004; Berti, Buonanno & Will 2005]
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But if no detection, what would we conclude?
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Future binary-pulsar constraints
on scalar-tensor theories of gravity
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. ' \ matter 0
Binary pulsars will probably probe such scalar-tensor ceneral Yelativity O< 0

theories before LISA is launched

Good news: GR templates can be used securely
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e ~ 1600 known pulsars
e ~ 100 binary pulsars

O

! dio waves
i

®

observer

Many NS-WD binaries 8 NS-NS binaries

p o ¢ ! PSR B1913+16 [Hulse-Taylor 1974]
PSR J1141-6545 —> re“s;,o‘if“s O « PSR B1534+12 [Wolszezan 1991]
[Kaspi et al. 1999] StI'OIlg— 1c graVIty L PSR JO737-3039 [Burgay et al. 2003]

PSR J0407+4+1607 Small-e binaries PSR B2127+11C (in globular cluster)
PSR J2016+1947 » — = null tests of PSR J1756-2251 [Faulkner et al. 2004]
) GR’s symmetries PSR J1518+4904
PSR J1811-1736
PSR JO751+1807 = 2.1 mg NS! PSR J1829+2456

[Nice et al. 2005]

PSR J1906+4+07  [Lorimer et al. 2005]
(maybe NS-WD?)



Tests of the “strong equivalence principle” and of preferred-frame effects

e The different accelerations (due to a third
body or to their absolute velocity with respect
to a preferred frame) induce a polarization

of the periastron towards a precise direction

............................................... fixed direction

—

|eFixed

| oc IaA—aBI

‘= Constraints on PPN parameters
[Stairs et al. 2005]

° |OL1| < 1.4x10~* (= solar system bounds)

* lo,l < 4x1072Y (10 tighter than sol. syst.!)

o|] — mg/ mil < 5.6><10_3 for a neutron star
\_ y

e J several binary

pulsars with €=0 ¢

= statistical argument to constrain PPN parameters

[Damour, Schafer, GEF, Bell, Camilo, Wex, Stairs, ...]
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