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Outline

* Single pulse search method

* Radio transients: FRBs, etc.

* Detection of fast variability of microquasar



FRB search: large single dish telescope

Parkes 65 m Arecibo 305 m GBT 100 m
0.15deg @ 18cm 0.03 deg @ 18cm 0.1 deg @ 18cm
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FRB search: wide field array

UTMOST ASKAP CHIME
7.8 deg? 30 deg? 250 deg?

15” X 8.4 deg @ 800 MHz 10’ X 10’ deg @ 1.3 GHz 0.3 deg @ 600 MHz
3 events 20 events 13 events (1 repeating)

(Caleb et al. 2017) (Shannon et al. 2018)  (CHIME/FRB collaboration 2018)



FRB search: VLBI

* Auto spectrum

* PRESTO
* V-FASTR, LOCATe

* Cross spectrum

* Imaging method: realfast
* Non-imaging method: this work
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Non-imaging single pulse search method

* Independent search and localization
* Inspired by geodetic VLBI data processing
* Fringe fitting to maximize signal power
e Geodetic solving for localization

* Extract signal from RFI contaminated data

* Fast speed, large searching area support

Baseline Resolution* | Map size**
(km) (mas) (pixel)
781.7 2880
CVN 3000 9.4 240000

* Sband (2.2GHz, 13.6 cm)
** Pixel size % resolution; half FoV
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Searching pipeline

Calibration Clock _y| VLBl correlation
source CVN, DiFX
PCAL Baseline 1 Baseline 2
Channel delay Incpherer\t Incoherent
dedispersion dedispersion
Integration Integration Integration Integration
period w, period w, period w, period w,
r —_— —_— — —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— — —_— —_— —_— —_— —_— — —_— —_— _I
—>] Fringe fitting Fringe fitting Fringe fitting Fringe fitting I
' —_— —_— — —_— —_— —_— —_— —_— —_— _— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— —_— — —_— —_— ‘
Single pulse Single pulse Single pulse Single pulse
extraction extraction extraction extraction
Multiple windows Multiple windows
filtering filtering

Multiple baselines
cross matching

Candidate event
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Fringe fitting
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ocalization: geodetic solving

Phase reference calibration | .
with AIPS i

Fit fringe phase to derive
group delay (A1)

0T 0T

Calculate partials: - and —<

Solve linear equations:

A ; pr— —|— CHANNELS
LOWER FRAME MILLI AMP Y i
& VECTOR AVERAGED C : UM VERAL BASELINES DISPLAYED
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Liu et al. 2019, AJ, arX



Localization:
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comparison with references
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X Image: individual SP
— Solve: individual SP
—}— Brisken et al. (2002)
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% Image: all SP
=—4— Solve: all SP
—f=— Sekido et al. (1999)
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Liu et al. 2019, AJ, arXiv:1810.08933



M P EAFELRE LSRR LS

F R B S e a r C h I N VG O S i, L shanghai Astronomical Observatory, CAS

VGOS: VLBI Global Observation System
* Large FoV
e 24 hours continuous observation

e Large bandwidth

Fluence limit: 5.3 Jy ms (0.755 Jy, 7 ms)
VGOS antenna @ GGAO

Detection rate: 0.0075 events per day*

Diameter: 12 m diameter

BW: 512 MHz (dual polarization)
Band: 2 — 14 GHz, 4 bands

SEFD: 2000 Jy

1.39 events per year (50% efficiency)

FFT size: > 3551 (32 MHz bandwidth)

*Keane & Petroff (2015): 2500 events (> 1.4 GHz, > 2 Jy ms)
Caleb et al. (2017): spectral index 0.0, fluence index -1.0
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Single pulse search: summary

Geodetic VLBI based method: extracting single pulses from RFI
contaminated data

Localization
* 4 ms integration
e 2 or 3 baselines
* 100 mas accuracy

FRB search in VGOS: promising in science; feasible in technology

VOLKS (A X,) pipeline: VLBI Observation for frb Localization
Keen Searcher

* DiFX/CVN support
* Single pulse search and localization (imaging, solving)
e Open source: https://github.com/11ulei/volks




Possible applications

* Giant pulse

Summary

CHIME has found 250+ FRBs

Have several repeaters
Starting to do statistical studies on a larg

Stay tuned, lots more results to come fro

e sample of FRBs
m CHIME!

* Magnetar

* Microquasars

. SHOT ON MINOTE 3
MI DUAL CAMERA 19/4/*
f) 11:47
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Fast variability of microquasar I o

* Microquasar

e Binary system of normal star and compact source (neutron
star or black hole)

e Comparable with SMBH

e Relativistic jet from accretion disk
* Small size (high angular resolution)
e Short time scale (short integration period)

* Multi-band observation of fast variability
e Quasi periodic oscillation (QPO): sub second
e X-ray, optical, near IR, UV
e Radio?

e Co-observation in radio and X-ray band
e X-ray: HXMT
* Radio: EVN, VLA

* Fringe fitting to maximize signal power of every sub-second
integration period



c T EAFRELERLE

Shanghai Astronomical Observatory, CAS

Target: Cyg X-3, Cyg X-1, GRS 1915+105
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HXMT observation

P X G5 B i 18 2 3%
APPID A02050018 Title R R T Pk 2 BB A B R AR Y PI Dr.Zhen Yan
ZRHFAIE
B JUAE, 2 BIE AR AN FUREE B AR ) BE ) — N R EE R T B REREAR S RN FERE
TWEAL, F A 5 i B PR 628 DL EATTR] XS R AROE AR A G E &, BT AT AR AR ARG T A I E . Wi
ABSTRACT gtz FER . AR ZEHRIFH BXMT h[E 5 s B 5ifE 5] (EVN 803 VLA) FF RN BSR4k
{140 Ve N 1) 0 R A MR, SR B[] B ) S AT XS 2 3l B AR S AR AR, 3 T A SR M AL AR R (Y0 AR ELAE FH DA R W)
PR BTSN, AT RIS — R B A RN s B AR S e B R E AR S
Exposure Time
Target Rank (ks) ToO? Notel Note2
GRS 1915+105 A 10 Y
Coordinate observations
Cyg X-1 A 10 Y
Cyg X-3 A 10 Y:
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Thank you!



