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LIGO Models for unmodeled
astrophysical waveforms

« MATLAB code has been prepared to generate
frames with any combination of:

o Signa waveforms
e Chirps, ringdowns, Hermite-Gaussians, Z-M SN waveforms
* Noise: none, white, colored gaussian (SsmbData), E2, E5

 |ncluding effects of:

» Detector calibration / frequency response (E2 only, so far)
» Detector antenna pattern (if desired; but we don't)

o Delays between IFOs

» Resampled/decimated to any ADC rate (16384, 2048, ...)
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Input data

LDAS System ‘ —
~ 2 Templates

GW channel noise (MetaDB)

* None . Data Conditioning API S e il
* Gaussian white  Select locked segments

* Gaussian colored e accumulate noise spectrum

« E2E simulation » calibration, bandpass W . s
(| ) FrameAPI « regression -
\J A LigoLWAPI ‘ « veto from aux channels (Filters)
A ——

* LIGO Eng run
~ »

—~ A

Signal waveforms
* Inspiral chirp

 Ringdown | c Data chargc';erization
« Z-M SN catalog E statistics
* Hermite-Gaussians o)
* sine (pulsar) — Single IFO Statistics
~— > | | « Fake rates vs SNthresh
P —_— 2. efficiency vs distance for
~— — - fixed SNthresh
DMRO from O * Event rate vs <H>
Signals injected J—
Into LIGO IFO Multi-Detector coincidence statistics <::||]
By GDS

—  BurstSearch-Monte Carlo



LIGO

Ringdowns

= Rationale:

» Just a way to represent a burst
with limited duration, abrupt rise
and gradual fall, with some
wiggles.

» Very well-defined peaked PSD

= Parameters:
» Peak h
» Decay time t
» Ring frequency fpq
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LIGO
Ringdown PSD
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LIGO
Hermite-Gaussians

= Rationale:
5 =10 5 =10 5 =10
» Just a way to represent a burst
with limited duration, gradual 1 i . o
rise and fall, with some wiggles. . 0
» Can also do sine-gaussians, etc 7 -
» Many beats in the PSD . - | '
-2 - -2 . -3 :
= Parameters: 0 0.1 02 0 0.1 0z 0 0.1 0.2
» Peak h 2:-:1!:1' me' Exm'
» Gaussian width in time, t 1 = |
» Hermite order (hnumber of
wiggles) ; : :
-1 1 =1 {1 -1
-2 : -2 - -2 -
0 0.1 0.2 ] 0.1 0.2 ] 0.1 0.2
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LIGO
Hermite-Gauusian (6" order) PSD
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LIGO

Rationale:

»

»

»

»

In case the inspiral filters are
not operational for some
reason...

Just a way to represent a burst
with limited duration, gradual
rise and abrupt fall, with
wiggles.

Well-defined power-law PSD

Simplest Newtonian form; not
critical to get phase evolution
right since we’re not doing
matched filtering

Parameters:

»

»

»
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Peak h (or distance D)
Duration Dt
f(-Dt) , or chirp mass M
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LIGO
Chirp PSD
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LIGO
Zwerger-Muller SN waveforms

Rationale:
» http://www.mpa-garching.mpg.de/Hydro/GRAV/gravl.html

» These are “real”, astrophysically-motivated waveforms, computed from detailed
simulations of axi-symmetric SN core collapses.

» There are only 78 waveforms computed.
» Work is in progress to get many more, including relativistic effects, etc.

» These waveforms are a “menagerie”, revealing only crude systematic
regularities. They are wholly inappropriate for matched filtering or other model-
dependent approaches.

» Their main utility is to provide a set of signals that one could use to compare the

efficacy of different filtering techniques. A1B2GT A1B1GS A1E1G4
s000 50 200
Parameters: I oF— M | o
» [ . i _
DIStance D . . _EDDDD A1BNGS 0z EDD A1B1GEZ D.DEZDDD A1B1G1 0.05
» Signals have an absolute normalization ** L 2
0 {1 0 o
0

-500 : 2000 / ZIJEIIZID

0 0.05 0.1 o 0.03 0.1 1] 0.2
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LIGO “Typical’ ZM SN waveform PSD,
1 kpc
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LIGO

Z-M waveforms (un-normalized)
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LIGO
Z-M waveforms (un-normalized)
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LIGO

Z-M waveforms (un-normalized)
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LIGO

ZM waveform duration vs

bandwidth
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LIGO ZM waveforms buried in white
noise
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Ll

H-G, chirps, and ringdowns
buried in white noise

i
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LIGO

Waveforms buried in E2 noise,
iIncluding calibration/TF
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LIGO

T/f specgram of ZM signal

+ white noise
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LIGO

Same signal, same noise,
different tf binning
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LIGO
Colored gaussian noise (simData)
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LIGO
Monte Carlo of detector “events”

= Can generate, in ROOT, “events” from multiple IFOS, like:
» Locked IFO segments (segment), from ad hoc PDFs

» Noise events from sngl_burst triggers, random times at specified rates,
ucorrelated between IFO’s, random h_amp from ad hoc pdf

» GW signal event sngl_burst triggers, correlated between IFO’s with
“proper” time delay

» “Veto” events, random times at specified rates, ucorrelated between IFO’s,
random durations from ad hoc pdf (what DB table?)

= Search for coincidences, fill multi-burst triggers

LIGO-G010326-00-R AJW, Caltech, LIGO Project 22



LIGO
MetaDB tables currently defined

»  Astrophysics events and GDS Trigeers

The event tables hold results of astrophysics searches of defined sources such as mspiral, bursts, nngdewns, directedpenodic, and
unmodeled-sources. The filters applied for the searches are stored in the filters tables.

» Filters

filter ilwd example xml example

filter params ilwd example xmi example

s 5D3 Tnigeer
gds trigger ilwd example xmi example

n Single-Inferometer Astrophysics Events

sngl inspiral ilwd example xml example
sngl hurst twd example xml example
sngl ringdown tiwd example  rml example
sngl unmodeled ilwd example  yml example
sngl datasource Hwd example  xml example
sngl transdata Hwd example  ryml example
sngl mime fwd example xml example

s Mulki-Inferometer Astrophysics Events

multd illspil'al ilwd example  rmi example
multi burst ilwd example  rmi example
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LIGO
Segment DB table schema

CREATE TAEBLE segment

(

—— A "zegment"™ iz a time interval which is mweaningful for sSome reason. For
—-— example, it may indicate a period during which an interferometer is locked.

—-— Database which created this entry
creator db INTEGER NOT WULL WITH DEFAULT 1,

—— Unicgue proceszs ID of the process which defined this sedment
process id CHAR(13) FOR BIT DATA NOT NULL,

—— 3Zedrent group (e.g. 'HZ-locked') and wersion to which this sedgment belongs
Seguwent group VARCHAR (64) NOT NULL,
wversion INTEGEER NOT NULL,

—— INFORMATICN ABOUT THIZS 3IEGMENT
—— Zedrent start and end times, in GF3 seconds and nanoseconds.

Start time INTEGER NOT WULL,
start time ns INTEGEER NOT NULL,
end time INTEGER NOT WULL,
end time n= INTEGER NOT WNULL,

LIGO-G010326-00-R AJW, Caltech, LIGO Project 24



LIGO

Sngl burst DB table schema

CREATE TAELE =ngl burst

i

—— Ewent tabhle for single-interferometer burst-ewvent search.

LIGC ~™

Datakbase which created this entry

creator dhb INTEGEER NOT NULL WITH DEFAULT 1,

INFORMATICN ABOUT THE PROCESS WHICH GEMNERATED THIS EWVENT

Process which generated this ewvent

brocess_id CHAR(13) FOR BIT DATL NOT NULL,
Filter identifier (indicates type of filter,

filter id CHAR(13) FOR BIT DATA,
Interferometer

ifo CHAR(Z) NOT NULL,

TIME OF THE EVENT

The start time of this burst event [(in GP3 seconds and nanoseconds)

start time INTEGEE NOT NULL,
sStart_time ns INTEGEER MNOT WNUOLL,

The time duration of this burst ewvent [sSeconds)

duration REAL INOT NULL,

PROFERTIES OF THE EWENT

Center of freguency band in which ohservation is made

central freg REALL,
Fange of frecquency obhserved [(Hz)
bandwidth RELL,
Mhzolute sighal amplitude (fractional strain)
amplitude RELL NOT NULL,
Jignal to noise ratio
snr RELL,
Confidence warishle
confidence RELL,

Unigue identifier for this ewvent

event id CHAR13) FOR BIT DATAR INOT NULL.

plus parameters). May be null
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LIGO

Multi burst DB table schema

CREATE TAELE multi burst

i

LIGO-GO1C —~

Ewvent tabhle for multi-interferometer burst-ewvent search.

Datalbase which created this entry
creator db INTEGER NOT NULL WITH DEFAULT 1,

INFORMATION AEOUT THE PROCE3ZS WHICH GENERATED THIZ EVENT
FProcess which generated this ewvent

process_id CHAR(13) FCOR EIT DATA NOT MNULL,

Filter identifier (indicates type of filter, plus parameters). Hay be null
filter id CHAR (13) FOR EIT DATA,

Interferometers used for this search
ifos CHAR(1Z) NOT NULL,

TIME OF THE EVENT
The start time of this burst ewvent (in GPS seconds and nanoseconds)

Start_time INTEGER NOT NULL,
Start_time_ns INTEGEE NOT NULL,

The time duration of this burst ewvent ([(seconds)
duration REALL NWOT NULL,

PROFPERTIES OF THE EVENT
Center of frequency band in which obhservation is made [(Hz)

central freg RELL,
Fange of frecquency okbserwved [(Hz)
bandwidth REALL,
Abhsolute signal amplitude [(fractional strain)
amplitude REAL NOT NULL,
Signal to noise ratio
snr RELL,
Confidence wariable
confidence RELL,
Direction of Hanford-to-Livingston ray at time of event 2(3

[i.2. the central axis of the cone on which the source lies)



LIGO Daniel’'s Event Class
to represent DB events in ROOT

g Event Analysis Package.
Event Analysiz Package

@ Event class
Evani class and helpers
@ Event functions
Event functions
@ Event conditions
Event functions
@ Event containers and alooithms
Evant cantainers and algaithms

The event analysis package prowvides means to analysis events generated by the LIGO detectors. Its major components are:

Event - L set of classes defining a general purpose event
Containers - & set of contaliners Lo Store events

Functions - Function ohjects acting on events

Conditions - Conditions acting on events

LAlgorithms - & set of algorithms to select and histogram events

An event ig an object consisting of a time, a type, an mterferometer set and an arbitrary number of columns.

The layout of the class lbrary 15 as follows

Type - Descrikbes an event type
Ifo%et - Describes the origin of ah event
Event - The basic ewvent object [(inherits from Type and Ifo3et) 27
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“Lco Example with 4 IFOs
(not yet with Event class)

Hanford ¢k | * 4 |FOs(can do bars,
) I ) - SNEWS, etc)

o “ - . In thisexample, 5 hours

. of data

[ Lwngstonsk | *|_ocked segmentsare

. : shown; brief periods of

loss of lock.

e fakerandomsarered;

correlated GW burstsare

green

*Vetoed stretches not

displayed here; but

available

*Thisisall still in ROOT;

need to writeilwd,

deposit into metaDB,

read back into ROOT

from DB, do coincidence

analysys. 28
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LIGO Delayed 2-fold coincidence
analysis

L4K / H4AK K4K / VIRGO

| Double coincidence event stat | iup | Double coincidence event stat |
Nen
L : Mean = 0. ] L
100 — i AMS -0.1662 100
— 80
o - _—— o ... - it T - _ mC
e N R % R . _ a0l
S i OO . 20l
ol Ll | | 0 L
-1 -08 -06 -04 -0.2 0 02 04 06 08 1 -1 -08 -06 -04 -0.2 0 02 04 06 08 1

In these examples, real event rate was very high (10/hr 1),
fake rate “realistic” (100/hr)
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LIGO
Proposed frames for MDC

VWH TE NO SE
- one second of white noise sanpled at 16384,
stored as floating point with mean 0 and width 1,
in asingle frane file with one channel,
channel H2:LSG AS Q

- sane as above, 64 seconds (2720 sanpl es) COLORED/ E2/ E5 NO SE wi t h si gnal >RF:
- 64 seconds of white noise sanpled at 16384,

- sanme as above, 8.53 mnutes (2723 sanpl es) as above,
on which is added a ZM waveform
COLORED NO SE every second on the half-second
- the same with COLORED noi se filtered through the E2 transfer function
and with a h_peak that is roughly
E2 NO SE X (3?) times the mn noise signa.

- 1 second of E2 H2:LSC-AS Q data
- sane, with 100 nsec ring-downs
- 64 seconds of E2 H2:LSG AS_Q data (fO ranging from 100 to 300 Hz).
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LIGO
The big question

= How best to characterize waveforms and our
response to them in an astrophysically meaningful
Way? hrms’ D, [fO’ fO+Dr]

= Some “inner product” of filter to waveform?

LIGO-G010326-00-R AJW, Caltech, LIGO Project
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LIGO
Many little questions

= How long a data stretch should we analyze in one LDAS job?
(Inspiral people use 223 samples = 8.533 minutes...)

= How much (should we) decimate from 16384 Hz? Inspiral
people decimate down to 1024 or 2048; there is little inspiral
power above 1 kHz. Not so for millisecond bursts! (Bar people
look for delta function — a single ADC count).

= How much overlap should we include?

= What's the best way to insert fake signals? Randomly in time?
With/without antenna pattern? How to systematically explore
parameter space?

= Where/when do we fully whiten the (somewhat whitened) data?

= At what stage do we apply gross vetos (IFO in lock), finer vetos
(coincidence with PEM event), etc?

= How to package TF curve with data in frames?
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