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Gravitational VWaves

+ and X polarizations

. . . X
Roughly speaking, gravitational waves are analogous to +

EM waves with replacement of e & -m, but have

difference coming from G-field(tensor field), EM-
field(vector field)

+ Polarization X Polarization

y y

o Accelerating mass = gravitational waves

(Accelerating charge = EM waves) Order estimate of GWV amplitude

o Energy conservation = no monopole radiation M ‘/\ M

(Charge conservation = no monopole radiation) R

o Momentum conversation = no dipole radiation
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(EM waves begin with dipole moment.) fors r
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Interferometric Gravitational VWave Detector

When an interferometer interferes with a gravitational wave, the interferometer detects the signal
as a phase difference between lasers coming from each arm.
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Detector sensitivity
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Limits to Sensitivity
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https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=3628
https://dcc.ligo.org/cgi-bin/private/DocDB/ShowDocument?docid=3628
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LIGO sensitivity to astrophysical events
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World wide detector network

The network gives us

o Reconstruction of astrophysical parameters: sky location, polarization waveform, ...
o Reduction of false alarm rate by coincidence analysis
o Better detection confidence

TAMA300
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Lots of spam from interferometers
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Event candidate

magnitude
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— Discovered by burst analysis group quickly
— Many similar pulses in all three LIGO interferometers
— Difficulties in establishing accidental coincidence rate
* Initial estimate (KW)1/3yrs, later estimates (CWB)1/30yrs
— Burst group not unanimous in bringing event forward
— Decision by DAC not to proceed to Detection committee
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Unknown correlated signal
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Gravitational Wave from Supernova
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What signals can be accepted conventionally?

3 sigma effect « evidence »
5 sigma effect « discovery »

36 means a probability ~ 0.27%
506 means a probability ~ 6x10-7!

Translated to our field:
Claim for GW discovery " a (burst) candidate must have
a chance < 106 to have been produced by background
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Way to reach the 5-sigma level

equinox event : P ~ 1 % (after cat3 DQ/vetoes)

Need to gain 4 orders of magnitude!

Two way:
o Reducing background noise
o Astrophysical counterpart
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Coincidences with astrophysical counterpart

Temporal coincidence

Spacial coincidence
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Temporal Coincidence

Run duration T.

- Candidate with f.a.p. P from time slides.

- Coincidence with external event, coincidence
window At.

- N such external events during the run.

Gain in f.a.p. ~ At x N/T (rate of external events x
coincidence window)

Ex.: At ~180 s, N/T ~ 1/day => gain ~ 2x10-3
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Spacial coincidence

External counterpart assumed to be well localized.
Position reconstruction from the LV network:
angular accuracy ~ few degrees (say A degrees)
Gain in f.a.p. ~ (A/180)2

If A~2 deg. gain ~10-4!
Even if A ~20 deg. gain ~10-2
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Spacio-temporal coincidence

Combine both time and spatial coincidences:

Final f.a.p. ~ P x (At x N/T) x (A/180)2
1% 1% 1%

Reach 10¢!
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LIGOVirgo-NASU joint observations

o WJN events

- So far several transients were detected and some of them have been published.
- Only radio transient events which have coincidence during S5.

o Source model

- N

o“ Radio-GWV emission model

- Binary neutron star coalescence:
One of two NSs is magnetar with B~10'2-10'°B
Energy is converted into plasma,...
The observable flux is ~2m]y for a source at |00Mpc
- Plasma excitation through relativistic MHD
A GW causes excitations of waves in the fluid(Alfven wave, slow, fast
magnetosonic waves)
- Photon acceleration due to a GW
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Coincidence with LIGO--Nasu

Detectors in science mode around W|N events
WI|N ] 1039+3300
o GPS:821639626, (RA[deg],DEC[deg])=(159.86,+33)
® HI,H2 were in science mode in 10000[s] around the events
WI|N ] 0951+3300
o (GPS:821119786, (RA[deg],DEC[deg])=(147.84,+33)
® Partof HI,H2,L| data were in science mode in 10000[s] around the events

WIN J0205+4 |42
o GPS:819627463, (RA[deg], DEC[deg])=(30.946,+41.7)

® HI,H2,LI were in science mode in 10000[s] around the events
WIN J0202+4142
o (GPS:850991014, (RA[deg],DEC[deg])=(30.275,+41.7)

® HI,H2,LI were in science mode in 10000[s] around the events
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LIGO Scientific Collaboration LSC)
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LIGO organization of data analysis
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LIGO organization of data analysis

.| Review Team

Review Team

~ 8 people I
Inspiral Bursts [2IPEORIOTS)
~ 40 people% ~ 50 people
Stochastic lmentlsts
~ 12 people | ExtTrigg Group
" Review Team The group f.or Externally Tr.igger.ed .Search.es.
Many participants from various institutes in the world.
~ 3 people
o GRB
The Dap?_ o SGR Flare
/ \|o High-energy neutrino
o Low-energy neutrino
, , o Optical supernovae
Calibration team o Neutron star QNM
| lfo X-ray transients
\ , /;‘ coe
‘C o Radio Analysis Group
\_ Y,
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Radio telescopes to join

Instrument Band Type | Field of View Slew Time
LOFAR 40-240 MHz Array | 30° beam(s) Software
ETA 29-47 MHz Array | Two 30° beams Software
LWA 10-88 MHz Array | Three ~ 8° beams Software
NRAO Green Bank | 300MHz-50 GHz Dish | 0.027 sq. deg. (at | 18°/minute
1 GHz)
ARECIBO 312MHz - 10.2GHz | Dish | 15 arcmin @ 312 MHz | < 16 min
(ALFA: 1.225 - 1.525 0.5 arcmin @ 10.2 GHz
GHz) (ALFA: 10arcmin @
3.9 arcmin resolution
(7 beams))
an d NASU 'Radio Interferometers for Wide Field Survey
Purpose 'Eight 20 m diameter spherical dish antennas+ A 30 m diameter

' spherical dish antenna

System Noise

:A ximately 80K
Temperature | “4PRe y

Observing frequency ' 1.42 GHz

Bandwidth 20 MHz

Site Nasu-Shiobara, Tochigi prefecture

'Radio Transients, Radio counterparts of EGRET un-id sources,

Target
9 Pulsars

Sensitivity ' Several hundred mJy (1 sec integration)

http://www.astro.phys.waseda.ac.jp/index-e.html
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MOU between LIGOVirgo-LOFAR

® |ntroduction

ML —Ya3>OENERFINDEE,
MOUTRMDHSD Z &,

® A Description of Participating Groups

LOFAR
LIGO,VIRGO, GEO

® B. General Policies and Provisions

ZDMOUIRZENZNIMTOME DHFMFFR T — 5 X Z I (T 73\,

4. This MOU does not prevent the parties from establishing other agreements on data exchange
or external collaborations. The existence and general terms of any other agreements that are
scientifically related will be freely shared among the parties of this MOU.

PIEZFNZNDOEEFICMOUZEEH TH S5 S,

® (. Description of Planned Work

LOFAR [Eearly phaseD /c O EHEID—EE U W EITHREWHEH 5 Do
LOFARD AR kU Z I I2 D W Tpublish.  unpublishic B340 534358,
LVCIEGWANRY MERDRIK(IE. FRZZRHET 5. (follow-up of GW

events by LOFAR)
Pulsar glitchZz 27— Y OR[FH
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® C.Notes
o AR NEMHIENTLOFARDIEH UTcARY MEFEICD W TLOFARAIDFHKRKR %

ESE5AEEES®HD. (o R)

3. Because of the extensive time required to fully characterize LSC-VIRGO data, and because
of the blind injection challenge, it will probably take several months to arrive at the final

verdict on any event candidate. During that time, the existence of a possible event candidate
(if any) will be kept strictly confidential by LOFAR, the LSC, and Virgo.

® D. Scope and Timeline

o 2WIOFEENINSNICHNTTEMT 2FE,
o F—HAZMOFMWIEHLHNIED,

® E._Appropriate use of Data and Other Information
1. All parties agree that any data or data products received from the other parties shall be used
only for the purposes of the collaborative work covered by this agreement, and shall be held

confidential (unless already made public). Any public release of data would not affect the
goals or terms of this project.

® [ Publications and Presentations

1. All LOFAR Transients KSP observations that have nof been triggered by LSC-VIRGO event
candidates, and all LOFAR observations not involving the LOFAR Transients KSP, and all
LSC-VIRGO analyses that do not make use of LOFAR image data (either for confirmation or
non-confirmation of event candidates), are not affected by this agreement.

Friday, June 4, 2010



3. Publication or other presentation of results related to the collaborative work, whether they are
detection statements or not, will follow the usual principles for scientific credit and
authorship. We can anticipate some possible scenarios:

- If either the LOFAR Transients KSP on the one hand or LSC-VIRGO on the other hand can
make a detection/evidence claim based solely on a separate analysis of their own data and in
the absence of corroborating evidence from the other party, then each party may choose to
publish their result separately and independently of the other.

- An independent or joint follow-up article may complement an independent “discovery”
paper.

- If neither the LOFAR Transients KSP nor LSC-VIRGO can make a claim of a
detection/evidence based solely on a separate analysis of their own data, but a joint analysis
results in a detection or substantial evidence for a signal, that will be published in a jointly
authored article.

- If there i1s no discovery, a joint paper may be written to state upper-limits and associated
astrophysical interpretations.

- A joint technical paper (without observational results) may be written to describe the
project and methods.
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Merit, demerit

Merit from LIGO side
o HEIERAIZ RO BHITHRO CEZBIBUTH IFIXEBDOERNIEMRETE S,

o BZICMOUD T 7L —hhdh 5,
ETERRENSERFITOTOCINEZ DD TREIELAEEZ 40\,
5 TR DIRE DA REEENE X D,

Lml

@)

Lmly

@)

Merit of NASU side
o ENRZTBRHULIHEE. EU0ZHETE S, mXbHo

o AMZZRITMDEAFTE %,

DeMerit of NASU side
o MOUZ1EB T B DICEENI NS

NASUD S DEZE

o A VI TVRANRY MCBEUT, LIGORINETLTWBEE s B ?). [BHRD
7O7 73 VIENASUELIGOIC A VI TVANH B EWSTERDOHICHIT S
1. NASURIDM D HEREMFZRICEE U R,
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Search Group —[ Abstract of Detection Paper

Detection Procedure Workflow

I

Detection Checklist

|

Data Analysis
Council

I

Review Committee/
Code Review

Notify spokespersons

|

I

Event list website

Notify collaboration

:“
n
—| Draft of Paper q \ ﬂ .‘ ‘
Official 1 [\ % | i \
Charge ' ﬂ ‘i.
E YA -
-
Detection No
Committee

l

Objective assessment
of event

l

Power to commission
new studies, checks

Collaboration =y¢  Blind
I Injection?
Digest report from
search group and
detection committee Yes

I

Discussion and vote

The party’s over...

R.Weiss (MIT)
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