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PULSAR TIMING ARRAY

Average pulse profile
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ROBERT EGGERS,
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P U LSAR TI M I N G AR RAY Verbiest and Shaifullah 2018

- Jocelyn Bell Burnell 1967
- Period < 30 ms
- lery ctable

Spin Period; P(s)
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PULSAR TIMING ARRAY Pulse Folding

credits: McKee talk @ IPTA Student Week 2019

average pulces from ~ 1 hour
observation to get
average pulse profile

PSR J1909-3744, Nancay, frequence = 1.4 GHz
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RESIDUALS

if we would know perfectly what'e going on
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4 1 Weighted residuals
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PULSAR TIMING ARRAY
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-> correlate the reciduals of O Os; o)
an array of pulsars to be w N
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PULSAR TIMING ARRAY
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THE SIGNALS v A
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MY PROJECTS - CGWs SEARCH

The model of the C6wW S’igua/ ¢ analytic ond included in the
timing residual model. At a given frequency, for a pulsar p, the

delayed arrival rate of the TOAs can be expresced as a
convolution with the antenna response function F of the pulcar:

RGW,p _ Z f;)A [Rgarth(to) . Rgulsar(tp)] .
A=+,X
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MY PROJECTS - CGWs SEARCH

=>  The Fe ctatictic ic a detection method for COWe in PTA. Babak and Sescana 2011
> [t'c the analytical maximization of the likelihood, over the intrincic signal

parameters at fixed frequency.
=>  Then it ic evalvated for a fixed sky location ®, )

=> By scanning the cky, one obtains a cky
map of Fe, highlighting the moct likely

cource ,bo;’:‘f/onf
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MY PROJECTS - CGWs SEARCH

PRO — CONS

0.0378525 22.5715

- Fagt to obtain -> now even faster - It loose” info on the other
with GPl) based code we have 100k parameters

maps in lese than 3 min

- It has cpurious power due fo the
- A way to embed the dato in a 1)) antenna paftern functions of the
array with N entriee PTA
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MY PROJECTS - CGWs SEARCH

SIMULATOR v/

Encoder

1024
ReLU - Dropout - LayerNorm

|

RelU - LayerNorm

128
latent embedding

detection

Classifier to show
if there is a cource

oand in which
Frequency bin

Classification head
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Fe sky map S Embedding net S ky
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RealNVP flow
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Posterior p(6 | map)
parameter estimation
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Sequential SBI for

parameter estimation

Prior truncation
0.2 - 99.8 percentiles
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False Dismissal Probability

MY PROJECTS - DETECTOR RESULTS
Falce Dismissal Probability  False Alarm Probability

- Simulated PTA 25 pulsars

- Isotropically distributed EDP — FN FAP — FP
- sensitivity 100ns FN+ TP  FP+ TN
FDP vs SNR - freq bin 02
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MY PROJECTS - DETECTOR RESULTS

False Dismissal Probability False Alarm Probability
FN FP
FOP = N7 AP = BTN

SNR map - freq bin 08 (ref SNR=5.0)
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MY PROJECTS - DETECTOR RESULTS

1. You have your PTA data
2. You create one map per frequency bin

3. You infer the probability of having a single source in
each freq. bin with the trained NN (1 min inference)

let e GW — singola injection
Injectio fqb 2|SNR70

p(segnale)

i in19  bin 20
777 172 167 163 760 -7.56 -7.53 -7.50 -7.47 -7.44 142 -7.40  -1.37
Freq bin [logio(fo/Hz) sotto] a Ca rbone 16



MY PROJECTS - DETECTOR RESULTS

1. You have your PTA data

2. You create one map per frequency bin
3. You infer the probability of having a single source in
each freq. bin with the trained NN (1 min inference)

Classific t e GW — doppia injection simultanea
Injectio b 3 + bin 18 | SNR= 70ci aaaaaa

p(segnale)

i in19  bin 20
777 172 767 163 160 156 -1.53 150 747 144 7142 -7.40 -1.37 .
Freq bin [logio(fo/Hz) sotto] ‘a Carbone 17



preliminary

MY PROJECTS - SBI RESULTS

Fe-statistic Round 1 - 95% Area: 866.67 deg?

X Injected CGW

% tuth

1.96988 293.698 samples 1217

- * van
m
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preliminary

MY PROJECTS - SBI RESULTS

Fe-statistic

Round 5 - 95% Area: 171.04 deg?

X Injected CGW

1.96988 293.698

1 samples 5777
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MY PROJECTS - SBI RESULTS

T¢t round

Posterior Calibration (PP Plot)
N_test = 2000 | N_posterior_samples = 5000
Combined p-value (Fisher) = 0.0000
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Posterior Calibration (PP Plot)
N_test = 2000 | N_posterior_samples = 5000
Combined p-value (Fisher) = 0.2809

preliminary
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THANK YOUUU!!
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Normalizing Flows

Learn an invertible map fp : Z+— y that transforms a simple base distribution p(2)
(e.g. N(0,1)) into the target posterior p(y|X).

Base distribution Learned posterior L L 8f_1
In p(¥|X) = In p(f~"(¥)) + In|det ——
Jo
nvertibld The flow stretches and compresses the
Gaussian until it matches the true
s > e " posterior shape and the Jacobian
determinant accounts for the volume

change.
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PULSAR TIMING ARRAYS wEPTA
f < InPTA

-~ S~ S
Indian Pulsar Timing Array

NANOGrav
- PPTA

VMIPTA
-
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