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Observation of gravitational wave
signals

and Polgraw group contributions
to LIGO and Virgo projects

1PoToR 2017



Outline

•Status of gravitational wave
observations by LIGO and Virgo 
consortium

•Contributions of Polgraw group to 
LIGO and  Virgo projects

•Annoucement



Fundamentals of gravitational wave theory
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Advanced LIGO ‘Test Mass’
and suspensions

Truly the ‘crown jewels’ of the detector

Mirrors

•

• Physical specifications:
–

–

Ultra-pure, ultra-homogeneous fused silica

340 mm diameter, 200 mm thick, 40 kg mass

• Surface figure: super-polish followed by ion
beam ‘spot’ polish

– < 0.15 nm RMS deviation from sphere

• Coatings: TiO2-dhoped Ta2O5/SiO2

–

–

Reflectivity depends upon type of mirror

Ultralow absorption (< 0.5 ppm)

Credit: D. Reitze
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Gravitational Wave from a Binary Black
Hole

Early inspiral: low velocity & weak
gravitational field.

Merger

• Late inspiral/plunge: high velocity
& strong gravitational field.

• Merger: nonlinear & non
perturbative effects; rapidly
varying gravitational field

• Ringdown: excitation of
quasinormal modes

Phase/amplitude evolution encodes
unique information about the source

[Abbott et al. 2016, PRL 116, 061102]

•BBH merger GW signal can now be modeled very well numerically
•Accurate semi-analytical models exist

PTF Wrocław 13.09.2017
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Searching for Compact Binary Coalescences

Binary BH-BH system

This source:

“Chirp” waveform

h

Produces this waveform:

Buried in this noise stream:

Matched templates

to pull signal from 

the noise:   

PoToR 2017



Advanced LIGO’s first observing run (O1) GW
events

Search for binary black holes systems with black holes larger 
than 2 M


and total mass less than 100 M


, in O1 (Sep 12,

2015-Jan 19, 2016, ~48 days of coincident data)

Phys. Rev. Lett. 116, 061102 (2016)

LVT151012

GW151226

Phys. Rev. Lett. 116, 241103 (2016)
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First Event from the Advanced LIGO O2 Run

GW170104 – another GW 
from a binary black hole 

merger

Abbott et al. 2017, PRL 118, 221101
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Waveform reconstruction of detected signals

Phys. Rev. X 6, 041015 (2016)

Credit: D. Reitze
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PT

Observed black
hole mergers
parameters
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Main evolution scenarios
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Importance of the 3rd detector:
localization

source

http://arxiv.org/abs/gr-qc/0605002
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Jaranowski & Królak , 
Optimal solution to the 
inverse problem for the 
gravitational wave 
signal of a coalescing 
compact binary, Phys. 
Rev. D, 49, 1723–1739, 
(1994)
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What the LIGO-Virgo Detections Tell Us About 
the Validity of General Relativity

Compton Wavelength of the Graviton

Abbott, et al. ,LSC and Virgo, “Tests of general relativity with GW150914”, Phys. Rev. 
Lett. 116, 221101 (2016), Binary Black Hole Mergers in the first Advanced LIGO 
Observing Run, https://arxiv.org/abs/1606.04856

Post-Newtonian Approximation to GR
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GW observations follow up program

GEO 600

Virgo

LIGO Hanford
KAGRA

LIGO Livingston
LIGO-India

Send info
to observers

Trigger
databaseGW

data

LIGO & Virgo have signed MOUs with >90 groups for EM/neutrino

follow-up, in addition to a number of triggered / joint search MOUs
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Follow-up Observations During O1
• About half of those with observing capability responded to

at least one of the 3 alerts during

– For GW150914:

– Covered most of skymap area 
at a wide range of wavelengths 
starting within a few hours

– ~50 GCN Circulars, ~12 papers

the run

– Also strong response for GW151226,
GW170104, and other candidates

[Abbott et al. 2016, ApJL 826, L13]
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Searches for other GW sources
(upper limits only)

Bursts (Supernovae) Phys. Rev. D 95, 042003 (2017)
All-sky search for short gravitational-wave bursts in the first Advanced LIGO run

hUL 10x less than for 1st generation of detectors

Other binary systems (NSNS and NSBH) ApJL, L21 (2016)
Upper limits on the rates of binary neutron star and neutron-star--black-hole

from Advanced LIGO's first observing run

NSNS M=1.35+/-0.13 Ms  detectable to 70Mpc

NSBH  MBH  > 5 Ms   detectable to 110Mpc

Periodic signals (pulsars)
Astrophys.J. 839 (2017) no.1, 12

mergers

Crab pulsar : Energy in GW < 0.002 ETotalRadiated

Vela pulsar : Energy in GW < 0.01
Phys. Rev. D 95, 042003 (2017)

ETotalRadiated

4e-25Blind searches hGW < at 170 Hz
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Stochastic background
Upper limit: dimensionless energy density ΩGW < 1.7x10-7 ( 33
better than before) Phys. Rev. Lett. 118, 121101 (2017)
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Conclusions

• General relativity has been tested in extreme
gravity regime where the gravitational field

strong and dynamical

is

• A new field – gravitational
has been opened.

wave astronomy
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POLGRAW



Virgo-Polgraw

Zielona Góra

Toruń 20 scientists and 
engineers form

10 institutions in
Poland 

26PoToR 2017



Virgo-Polgraw activities
•Astrophysics - OA UW,  UZG,  CAMK  ( T. Bulik   - Rates predictions
of  BBH coalescences )

•Data Analysis - IMPAN, CAMK, NCBJ, UwB, Torun, UWr (A. Królak 
and P. Jaranowski – Foundations for algorithms for detections of 
GW signals from binaries) 

•Advanced Virgo detector (gavity gradient noise cancelation)  - UW, 
SI,  NCBJ  

•Correlated magnetic field measurements - UJ,  AGH,  UW  

•EM follow up - NCBJ
•GR – two body problem – UwB

(P. Jaranowski  3rd and 4th PN Hamiltonian)
27PoToR 2017
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Polgraw searches for gravitational 
wave from rotating neutron stars in 

LIGO O1 data



Tools

• We have two pipelines:

1. Targeted searches - GW from known pulsars

(Matlab codes)

2.   All-sky searches – GW from unknown isolated
rotating stars

(C-codes maintained by M. Bejger (CAMK)

optimized by P. Ciecielag (CAMK) )

Can run on tens of thousand of cores

Computations done on Pl-Grids and  CIŚ (NCBJ) 

29PoToR 2017



Method (matched filtering)

• Robust waveform:         sky position detector motion

• F-statistic (P. Jaranowski, A. Królak, and B. F. Schutz, Phys. 

Rev. D 58,  063001 (1998).

30PoToR 2017



O1 data searches

• Search for known pulsars:
LIGO and Virgo Collaborations,  First Search for Gravitational 

Waves from Known Pulsars with Advanced LIGO, (B. P. Abbott et al. (LIGO 

Scientific Collaboration and Virgo Collaboration),

ASTROPHYSICAL JOURNAL Volume: 839, 1, 12  (2017)

• All sky search:
All-sky search for periodic gravitational waves in the O1 

LIGO data, B. P. Abbott et al. (LIGO Scientific Collaboration and 

Virgo Collaboration, Phys. Rev. D 96, 062002
Highlighted by PRD:  

https://physics.aps.org/synopsis-for/10.1103/PhysRevD.96.062002
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All-sky searches
POLGRAW

No detections
Upper limits only
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Virgo joins O2
1st of August Virgo detector joined the second LIGO observational
run O2 with an excellent duty cycle and a reasonable sensitivity

The three detectors were collecting scientific data untill 25th of
August when O2 ended

From the end of the run statement:
Some promising gravitational-wave candidates have been identified in
data from both LIGO and Virgo during our preliminary analysis, and we
have shared what we currently know with astronomical observing
partners. We are working hard to assure that the candidates are valid
gravitational-wave events, and it will require time to establish the level
of confidence needed to bring any results to the scientific community
and the greater public. We will let you know as soon we have
information ready to share.
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G7 Science: Update on gravitational waves science 
from the LIGO-Virgo scientific collaborations

WHAT:Media are invited to join the LIGO-Virgo collaboration for an 
update on gravitational wave science
in the presence of the G7 Science Ministers, focusing in particular on 
findings from a new observation made on Aug. 14.

WHEN:Wednesday, September 27, 2017 at 06:30 PM CET

VENUE: Reggia di Venaria Media center, Torino (Italy)

Confirmed speakers: 
Jo van den Brand, Spokesperson, Virgo Collaboration
David Shoemaker, Spokesperson, LIGO Scientific Collaboration
France Córdova, Director of the National Science Foundation
Federico Ferrini, Director ofthe European Gravitational Observatory


