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Fast Radio Bursts
e Millisecond bursts of radio waves.

earlier at higher frequencies,

* “Dispersed” —
later at lower.

* Excess dispersion

* One-off events.

Pictured: FRB 010724

(Lorimer et al. 2007).
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Radio Transient Parameter Space
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About 20 FRBs Known
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ASKAP FRBs
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FRB 121102: ,
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2015-06-02
| —— MJD 57175
(two scans )

(Spitler et al. 2016)
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Finally,
on 23 August 2016...
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FRB 121102
host galaxy
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Milky Way
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Credit: Gemini Observatory/AURA/NSF/NRC
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What we know

WHAT are they?

Extreme physical conditions!
Thousands in the sky per day!

Theoretical and observational mystery!

>

Video: NRAO

HOW can we use them?

Cosmic ionization history
Intergalactic medium turbulence and magnetism

Probe of Galactic halo




What Are FRBs?

AGN in a dwarf galaxy

g ' .
g Hesteretal

St Reines et'al 2011 é’ -
150 pc (500 light years) h : w. "

ALMA/HST




INTERFEROMETERS ARE KEY TO LOCALIZATION
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Present: VLA Fast Radio Bursts

10

150 hour
VLA

Survey

=150 TB

- Lorimer
® Thornton

o Spitler

m B5B
Petroff
* Ravi

VLA 95% limit

VLA 50% limit

D 1

10 10

Fluence (Jy ms)

Law et al. (2015)




Dedisperse
- Image
Search
Decide

Offset (arcsec)
)
Flux Density (Jy)
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Commensal with VLASS

5000 hours on sky
has huge discovery
potential.

10s of FRBs/year

50 ms integrations
would have ! ,
sensitivity to find S\
all known FRBs
NVSS SOURCE COUNT DENSITY




Realfast Design Specifications

Standard Mode

* 5 msec sampling

* 256 MHz/256 channels
Dual polarization

Table 2. Number of Systems Required for Real-Time Transient Searches
Y “d « 1TB/hour

CPU-based® GPU-based®

Ant. configuration C B D C B A Table 3: Fastest REALFAST Observing Modes and L-Band Sen-

Milliseconds/image 1 1.7 14 04 05 1. sitivity
20 ms int, FRB-like®| 2 2 6 15 2 6
5 ms int, FRB-like 250 24 25 250 Config Img size 6, Min tiy Thresh. Stim

3 ms int, FRB-like 50 84 691 690 20 70 690 ( ixel " -1 .
! ! pixels) (")  (ms) (1 false hr ") 4 (mJy/tint)
1 ms int, FRB-like 445 757 6230 62300 178 226 623 623 A 53302 13 30 =00 18

20 ms int, Galactic® i 49 2
5 ms int, Galactic ( 76 760 1728 4.3 5 770 94

: , B
3 ms int, Galactic 526 210 2100 s 2 210 C 5192 14 3 750 119
D

1 ms int, Galactic 135 230 1890 18900 | - 68 189 1890 1922 46 3 790 114

Plus:
 Slow Transient Searching
Interferometric Pulsar Searching




realfast

- VLA commensal fast
transient survey system o Teo 7z 2o 3 R 1

Peak (RA, Dec): (5:31:58.6, 33:8:52.3)
Source: FRB121102-0ff

. Fast sampled e

integration: 95

W
w
@
©

visibilities
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. Triggered data
recording

- Inyear 3 of 3 of NSF
AT | |
L] MOre InfO at 15 10 5 0 "0 1530 15 30 15 30. 0.18 0.40 - '020 15 30

RA Offset (arcmin) Integration (rel) ~ Flux (Jy) Integration (rel)

w
N
)
2

w
-
@
[

10 15 20 25 30
SNR
RR RR+LL LL

Dec (arcmin)
Freq (GHz)
~ w
@ o
N 3
3 S

~
~
N
©

N
o
o
=

Dec Offset (arcmin)

Flu;< Uy)

Flux (Jy)

Prototype realfast localization of FRB 121102



https://arxiv.org/abs/1802.03084
http://realfast.io/

Searching realfast

. Software

. FFT imaging with
Python/Cython/CUD
A

. (Law et al
2017)

. Hardware

. CPU/GPU cluster
. Integrated with VLA

Read pipeline Read
preferences metadata

I—I_J

Define
pipeline state

Y

Read data _Insert mock™,_| Generate mock
source? I

Read
calibration

Data quality
database

Calibrate

|
Flag bad data
1
calculate
(u,v,w)
|
Subtract
mean
visibility
|

Assess
data quality

N Insert mock

Iterate Dedisperse

Iterate
Resample in

time
I

Image
I

Exceeds
threshold?

FRB search pipeline

Candidate
sualizations

Mock source
database

Measure
candidate

Candidate
database



https://github.com/realfastvla/rfpipe
http://search.realfast.io/

implementing commensal

. realfast chooses:

- internal correlator
Integration time

S visibilities
!!. w
. Deploy correlator - } e
128
mode for general

)
use T 2"
bservation Public Realifast
metadata
> 1 (heagl)

team
Calibration I 32 l Portal
products

. FrequenCIeS Transient
somewhere between Detection
1 and 50 GHz System

Slow

WIDAR CBE
1
2

m< =IO X >

- Primary choses:

. Fast sampled visjbilities
are a “new”, public data
product




) mpokorny / vysmaw

@Unwatch~ 3 % Unstar 1 YFork 1

<> Code Issues 4 Pull requests 0 Boards Reports Projects 0 Wiki Insights

Status update

cython infiniband data-stream spectra c correlators

D 258 commits ¥ 3 branches © 7 releases A2 1 contributor & GPL-3.0

: ——
H Ig h - p e rfo r m a n Ce Co m m e n S a I d ata Branch: master v New pull request Create new file Upload files Find file Clone or download ~
D e d iS p e rS i 0 n a n d i m a gi n g O n G P U S E@ mpokorny set soversion to 1.2.2 Latest commit feb9a3b on Dec 12, 2017
. I cmake/Modules Initial code commit a year ago
GPU cluster installed and tested el
" . " . . I\ py Replace Consumer.test_end() with deprecation warning 3 months ago
Search pipeline, integration and testing
. ° o ope i vyssim Use 1-based stations ids in vyssim 10 months ago
Generating cutout visibility data S vttt swenenorad
[E) LICENSE Initial commit ayear ago
[E) README.md Fix NRAO expansion in README ayear ago

README.md

[ realfastvla / rfgpu @® Unwatch~ 2 % Star 0 Y¥Fork 0 t Iibrary

<> Code Issues 1 Pull requests 0 Boards Reports Projects 0 Wiki Insights

GPU-based gridding and imaging library for realfast

Add topics

4028GR-TRT

D 47 commits ¥ 1 branch © 0 releases 22 2 contr] Supermicro 4U 24 Bays up to 8 GPU SuperServer

T e New pull request Create new file ~ Upload files  Find file Dual socket R3 (LGA 2011) supports Intel® Xeon® processor E5-2600 v4 / v3 family; QPI up to 9.6GT/s
Up to 3TB ECC 3DS LRDIMM , up to DDR4- 2400MHz ; 24x DIMM slots

88, demorest Grid: better array dimension checking. [ ——— Expansion slots: 8 PCI-E 3.0 x16 (double-width) slots 2 PCI-E 3.0 x8 (in x16) slots 1 PCI-E 2.0 x4 (in x16) slot
Dual 10GBase-T LAN with Intel® X540

i example Add Grid.downsample() function. 24x 2.5" Hot-swap drive bays

_ . R . : 8x 92mm RPM Hot-Swap cooling fans

i src Grid: better array dimension checking.

1600W Redundant (2+2) Power Supplies; Platinum Level (94%+)

[ .gitignore Update gitignore



[ﬁ Status  Workers  Tasks  System Profile ~ Graph Info

Task Stream = R QT

Process Scheduler

1/01 115 :30 45 1:00 1:15




Log out

Candidates

?

Group tag|

Loa

caseyjlaw logged in

Candidate Portal

.

clustersize: 13369
More info:
« Show scan summary
« Query coord
« Show scan info
« Search for candidates in scan
« Search for candidates in segment
Tags:
rfi bad noise interesting astrophysical

19A-331 _TEST_1933.58462.72950075231.17.1
Peak (arcmin): (0.0, 0.0)

Peak (RA, Dec): (19:35:47.8, 16:16:39.9)
Source: B1933+16
scan: 17

segment: 16
integration: 871

DM = 157.65 (index 65)
dt = 5.0 ms (index 0)
disp delay = 508.0 ms
SNR (im): 57.2

Cluster label: 0

Cluster size: 13369
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Cands info x

caseyjlaw logged in
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realfast summary

* VLA localized FRB 121102 and is pursuing R2
* Blind VLA searches have not made a discovery
* Solution is commensal campaign

* We are commissioning hardware and software for realtime
commensal observing

* Potential discovery and localization of 10s of FRBs per year




@ the ONION

Source Of Mysterious Space Radio Signals Found

AMERICAN VOICES

January 6, 2017 L. i . 9 : .
Scientists have determined that a unique series of radio wave bursts detected since 2007 are

VOL 53 ISSUE oo coming from a dwarf galaxy 3 billion light years away, though the waves are not likely to signal
Opinion alien activity. What do you think?

“Tell them to knock it off!”

Dean Berry

“Just to be safe, we should probably blast some radio signals
toward them containing Q104.3’s Two For Tuesday lineup as a

peace offering.”

Karl McCluskey

“It’s humbling to learn that nothing is happening billions of

light years away.”

Krista Moreland




