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MPIHE-Bomm Polsar Group

Pulsar Timing Arrays : principles

Millisecond pulsars

Considered as quasi perfect clocks

>
t

Earth and distant PSR treated as free masses

whose positions respond to changes in the local space time metric

— Ap assm(g )perturbs the metric
and produces ftluctuations in the measured TOASs

If uncertainty dt and length of data span T
— sensitive to amplitude dt/T and frequencies f~ 1/T

Frequency domain — 10°-10"Hz
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SMBBH population : background contribution & single sources

Theoretical 'average' spectrum
Contribution of individual sources

10-14 ¢ — pectrum averaged over 1000
: Monte Carlo realizations
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n . direction of the pulsar

L : distance Earth — pulsar

k : direction of the GW propagation
hz‘j : GW strain

Earth term & pulsar term

)= [

v
ov 1 A’ .
7(15) 5 ~(hij(t — L(1+k.n)) — hy;(2))
1+ n.k Y
| Strain of GW at the pulsar Strain of GW at the Earth

re(t) = A (14 cos® 1) F [sin(wt + ®¢) — sin ®q] +

2?rf
& ¢ 2 (s 2
2cos tF [cos(wt + Pg) — cos (IJO]}’ Ff = %('ﬂ p (TE .q)
1 +nek
Aq
rP(t) = ot {(1 + cos® ) F [sin(wat + Vo + @) — o (@ 7)(7*.q)
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—P> 4 x 2 x Nobs x Npsr + 2 x Npsr x NGW (Matrices 30,000 x 30,000)



Cormrelation

42 pulsars

Noise analysis EPTA 2014 ?
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Single source search

Effect of a « burst » at the Virgo Cluster distance (15 Mpc)

Parabolic encounter of two MBH of mass 109 M_,
With a impact parameter of 0.02 pc

(Finn & Lommen 2010)
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Single source search
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The European Pulsar Timing Array

Observation des pulsars
Construction des TOAs |

Westerbork J' ‘[

Jodrell Bank r }| Timing group
Détermination !

i
des parametres
des pulsars

Effelsberg

Evaluation des
parametres de bruits

EFAC, EQUAD, Data Analysis
Bruit Rouge , GFOUP

Recherche d'un fond d’onde '
Recherche de sources individuelles

Cf thése A.Lassus (2013)

Desvignes et al 2014

JEUUl O 1UVEIIIVIC cV 1o




J1909—3744__ NRT
-+ ..2005 2006 2007 2008 2009 2010 2011 2012 2013

i Nangay @'ms=92ns ]

: lﬂl Wi - HF‘HWWM

TOA residuals (ns)
0
|

T . 53éOO . . 54(:‘)00 . . 54éOO . . 55(!)00 . . 55500 . . 56000 . 56500
Date (MJD)
JOB13—0200
1998 2000 2002 2004 2006 2008 2010 2012
TOA'S B N;aﬂmm
I.f8)_ gy * W & N = as a9 - o e ¥ -
42 pulsars g Oéﬁ-enlusdbuoe.r.g.ou - ¢ ® Wwees Wets spe Tolame aPQIIIRGEN PP iﬁ..:..;i 00.0‘;.:: ::.‘:-:
2ot ;
Span 5-19 years 3
e The EPTA collaboration
28 under5pus 3 S i
Lrl) B cnlargre cagmougee
4 under 1 ps - —— — oo oo mere—e
(15 with NUPPI § I Wlesterbé?k -;: . r ":l."'il-':l::""I - Uns P ﬂ ?mﬂi‘ N
T

since 2,5 years) 51000 52000 53000 54000 55000 56000

Date (MJD)



EPTA, mai 2014 (Dwingeloo) :

K.Liu, G.Theureau, A.Petiteau, I.Cognard, L.Guillemot, A.Lassus
+ G.Desvignes + PhD 2014 + ANR PTA-France ???
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