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Outline

 The PSR-BH population
— Are there any?
— Where are they?

e Pulsar surveys and sensitivity to PSR-BH systems
— Brief introduction to searches

— Techniques and sensitivity limitations
* Timing a PSR-BH

— Brief introduction to timing

— See Norbert’s talk
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Mass and orbit size
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otential formation scenarios:

an example

T~3 Myr, N~10% | Two OB main-sequence

' - o stars

T~10" yr. N~30 - .\‘lorc' massive star (primary)
= . /@ N overfills Roche lobe
/
N —

5
T~2:10 yr, N~500 E

-2 -1
v~10 yr

T~10 yr, N~100

T~10 yr, N~30

4
T~2:10 yr, N~50
If-Rayet star with compact
companion surrounded by
expanding envelope

Secondary explodes as type

Ib Supernova, v-10 yr

5
. N~10
ary relativistic

Merger of components
with a burst of emission
of gravitational waves

53 -5 1
E~10 erg, v~10 yr

/ Helium-rich WR star

N
/ @ V' with OB-companion
]
/
N_ -~

Primary explodes as
type Ib Supernova and
becomes a neutron star
or black hole

Secondary is close to Roche lobe.
Accretion of stellar wind results in
powerful X-ray emission

Helium core of the secondary
with compact companion inside
mass-losing common envelope

Components merge.
Red (super)giant with neutron

(Thorne-Zytkow object)

%
T ~10 Gyr, N~10
_* Single neutron star
or black hole

N

f ¥ Supernova explosion
disrupts the system.
Two single neutron
stars or black holes

Yungelson & Zwart 1998




Formation in high density regions

Globular clusters and the Galactic centre are
sufficiently dense for 3-body interactions to
OCCuUr

PSR-BH systems could be created by a series of
interactions

Sigurdsson 2003

Even in the plane hierarchical triples may
produce PSR-BH systems




Population synthesis
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Birthrate x 10°yr!

BH-NS
Bethe & Brown (1998)
Portegies et al. (1998)
Nelemans et al. (2001)
Belczynski et al. (2002)
Sipior & Sigurdsson (2002)
Voss & Tauris (2003)
Sipior et al. (2004)
Lipunov et al. (2005) -
Pfahl et al. (2005) -

NS-BH

0-0.063
0.063
0.005-16

0.0002-1.1

Galactic population

BH-NS
~2000
120-3740
520

~400
4-620

22

130 -13000
~270

NS-BH

5-160000

0.2-1100




PSR-BH systems

* Are there any?
— Yes, no, maybe

 Where will they be?

n the plane

n globular clusters

n the Galactic centre
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Searching for periodic signals

Single pulses are very
weak.

FFTs are used to detect
periodic signhals in the
time series.

Harmonic summing
increases delectability of
low duty cycle pulsars.

Frequency (Hz)




Acceleration searches

Pulsars in a binary orbit are
accelerated.

Acceleration smears out the
pulse over the period of the
observation.

The pulsar becomes less
detectable.

By searching in acceleration
space the signal strength can
be recovered.

Longer observation would
require a second derivative.

ity

Time (min,
i i
| I

] uljll*j
1"

0.4

Pulse phase (p




Binary searches in Fourier space

Different binary periods will produced specific
power distributions in Fourier space

This power'is lost in normal searching

Using matched filters this power can be

summed up and used to estimate the
acceleration

= J 2r ?%m*




An example pipeline

Prepare the data

v

RFI removal

\ 4

Dedisperse

v

Single pulse search

Remove acceleration New acceleration

v

FFT

|

\ 4

Sift and fold the candidates




Computational limits

Processing required to reduce one beam of
data: Operations = Ng,..> log Ng, .

Current surveys (e.g. HTRU) require

~ 150 teraFLOPS for realtime processing

The SKA Phase 1 survey will require
~12 petaFLOPS for realtime processing

There are currently ~35 petaFLOPS in the
World




Orbits detectable

y N
Pyingin = 10 To,. (depending on orbital phase,
eccentricity etc)

For HTRU and SKA P1 Py, .gin =5 hr
For PALFA Py, s.. = 50 min

Splitting observations increases sensitivity to
short orbital periods (and helps with computer
power)

Some power can be regained by incoherent
addition of parts (e.g. stack slide)




PSR-NS vs. PSR-BH
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PSR-BH ( 8 solar mass)
PSR-BH (10 solar mass)

0

Eatough 2009

Orbital period (hrs)




Very short orbital periods

& [ hup://albert.phys

LSC » s Goddar
1fl  NASA's Goddard

Space Flight Center

Albert@Home

B User of the day
Join Albert@Home

@ Red Atomic

. Read our rules and policies. ; Hello all, My Name is Red Atomic. I live in Hobart, Tasmania, Australia.

. Download, install and run the BOINC software ‘w")d' Apart from Seti@home/Einstein my other hobbies are Digital photograph
used by Albert@Home.

. When prompted, enter the URL: " P— q
!
http://albert.phys.uwm.edu/ Thank you for your interest in Einstein@Home!

Einstein@Home is a program that uses your computer's idle time to search for spinning
If you are a new user and you are using one of the neutron stars (also called pulsars) using data from the LIGO and GEO gravitational wave
following (outdated) BOINC clients, then please use detectors. Einstein@Home is a World Year of Physics 2005 project supported by the
this old-fashioned sign up page. American Physical Society (APS) and by a number of international organizations.

® Pre-5.0 client If you would like to take part, please follow the "Join Einstein@Home" instructions to the
® Mac Menubar left. Einstein@Home is available for Windows, Linux and Macintosh OS X computers.
e command-line
Einstein@Home is just in the process of completing its second search (S5R2/S5R3) of
data LIGO's first science run at design sensitivity (S5). We are also beginning a

1
b feEnay —rAAA Il S WS, RS, Wi S S WO, A Do a

Trials of Py, A sini, T, used to remove orbit
Non-unique solutions reduce trials required
Sensitive to short period binaries

Very computationally expensive, short pointings only







Pulsar timing
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The pulsar model

Phase
Period

Period derivative (and-epoch)
RA
Dec

Any binary parameters

Proper motion (and epoch)
Parallax

But must correct for Earth motion first




Conclusions

PSR-BH/BH-PSR populations are uncertain

Current survey-data is sensitive to PSR-BH
systems (even PMPS)

Current search pipelines are limited in

sensitivity for short orbital periods (ex PALFA)

Going deeper with Arecibo and SKA will suffer
the same problem

Improving sensitivity requires much more
computer power




