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A Radio View of the Birth of a Relativistic Jet

* Brief overview of discovery of GRB110328A / Sw 1644+57
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®* Summary of Radio Observations

®* Modeling the data
* Evidence for Relativistic Outflow
® Energy injection?
* Density structure around (previously quiescent) black hole

® Conclusions: Future/ongoing work




Swi1644+57: Overview

* Swift discovery on 2011 March 28.5 UT; multiple triggers; emission on 3/25
*Long-lived X-ray source; L=t>/3 at >10 days; beaming of 0.1 rad; extinction
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Early radio observations (zauderer et al. 2011, Nature, 476, 425):

* Linked the y-ray/X-ray transient to the nucleus of a galaxy at z = 0.354
®* Demonstrated a relativistic outflow (equipartition, interstellar scintillation)
* Tied the outflow formation time to the onset of y-ray emission

Interpretation: tidal disruption of a star by a ~ few x 10° Me SMBH




Sw1644+57: Progenitor Possibilities

Non-TDE: " rale el @R b,
(1) Long GRB with Nuclear Origin ? g .
- spectral information unusual ) | '
- coincidence with nucleus of inactive galaxy
- Early gamma-ray/X-ray flares and long-lived

X-ray emission inconsistent e

- only mildly relativistic

L (erg s Hz")

2011 April 9 UT
il

(2) AGN / Blazar
- typical lifetimes of ~million years

- spectral diagnostics
- no prior signatures in X-ray or radio

TDE variations:

- million solar mass black hole disrupting a star (e.g. Burrows et al., de Colle et al.)
- Less massive BH disrupting a white dwarf (e.g. Piran)

- Variations in BH spin or mass (e.g. Kesden, Gultekin)

- Precession of jet (e.g. N. Stone)

- Eccentricity of disrupted star (Hayasake)

- Deeply plunging (Cannizzo, Troja, Lodato)
- 97?7

Facts: Radio emission consistent with synchrotron emission, mildly relativistic,
evolution inconsistent with single injection event, small measured polarization




Summary of Radio Observations

® Frequencies from 1.4 — 345 GHz
®* EVLA (L, C, X, K, Ka and Q bands)
* VLBI (K band)
* AMI-LA (15 GHz)
* CARMA (95 GHz)
* SMA (230, 345 GHz)

® Light curve sampled from 0.28 — 450 days

since Swift trigger

® Full polarization calibration with EVLA
(2 GHz bandwidth — R. Perley et al.)
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= X-ray emission region distinct
from radio emission region

Swi1644+57: Early Light Curve

® 44 GHz

B 90 GHz

200 GHz -

225 GHz
345 GHz

10

10 ¢

Flux density (mdy)

Large variations in X-rays are not
accompanied by variations in radio

® 49 GHz (mp =0.38) -

m 6.7 GHz (mp =0.72) |
15 GHz (mp =0.07) ]
25 GHz (mp <0.03)
0.3-10 keV (x30)

+ + + + t t 1
10
Time since March 25 UT (d)

Zauderer et al.



Swi1644+57: SED

2011 March 30 UT

® Radio spectrum = synchrotron 231: :prf:gﬂl
pri

* No optical = Av > 3 mag b ¢ 2011 April 16 UT
* | x exceeds Lsyn by ~103

SMA

CARMA ;

» *’k ’z
EVLA, Ryle, _ - / /,
OVRO 40-m 10° 10" 10"
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Zauderer et al.

no optical / weak NIR




Sw1644+57: Synchrotron Modeling

Assumptions: negk freq = abs. freq | @ 2011 March30UT
equipartition, spherical 107F W 2011 April 4 UT
ol © 2011 Aprilg UT
Caleulate: r3djus, Lorentz factor, 10°F Yo 2011 April16 UT
magnetic field strength, electron Jo%l oL Lac
number density, angular size |
Parameter At=5d At=10d At=15d At=22d L
Vo = vp (GHz; rest-frame) 600 250 140 80
F, , (mJy; rest-frame) 80 40 30 25 F
r (10'® cm) 1.0 1.7 2.6 4.7
r 1.2 1.2 1.1 1.2 ]
3 0.5 0.5 0.5 0.5 i
Ye 150 140 140 140
B (G) 17 8 4.6 2.6 ;9 1010 1011 1012 1013 1014 1015 1016 1017 1018
N, (10%) 1.0 1.1 1.5 2.6 Rest Frequency (Hz)
ne (10* cm=2) 2.4 0.5 0.2 0.06 Zauderer et al.
Ep = 10E. (10% erg) 1.4 1.5 1.9 2.9
0, (pas) 0.6 1.0 1.5 2.6

Table 2: Summary of relativistic model results for the
four broad-band SEDs shown in Figure 2 of the main
text. The top portion lists the observed synchrotron pa-
rameters, while the bottom portion lists the model fit

results.



Swi1644+57: Radio Monitoring

Long-term radio study provides several unique opportunities:

® Structure and evolution of a relativistic jet (flux, polarization, VLBI)
® Pristine environment of a (previously-dormant) SMBH

Observed radio evolution
reveals much longer rise time
043 GHz

and brighter emission than ®230GHz . @24 GHa (12)
initially expected @90 GHz (/3) ® 19 GHz (/4)
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Sw1644+57: Synchrotron Modeling

No assumptions about
hydrodynamics

Model each “snapshot” spectral
energy distribution with a
synchrotron model (cf GRBs)

= determine time evolution of
E,p,R I

no changeinE, p
Berger et al. ApJ (2012)




Relativistic Expansion?

1. Modeling

—
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Relativistic Expansion

2. Interstellar scintillation:

v, ~ 10 GHz

Opo ~ 1 pas

for v > 1y
mp o (v/v0) "7/ (8, /0r,0)~"®

for v < vy
myp o< (v/10) 7% (85/6,) "7/

fs =~ 5 pas

[' =~ few
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Jet Energetics

Berger et al. ApJ (2012)
Is this ubiquitous for relativistic
jets, Blandford-Znajek mechanism,
GRBs?

Atj X Lj,iso
106 S X Lj,iso
5 x 10°3 erg at 200d

The increase in jet energy cannot
be explained by on-going
injection from the accreting
SMBH

(as seen in X-rays w/ Let™5/3).

Instead, relativistic jet launched
w/ a distribution of Lorentz
factors explains the increase in E
and evolution of R

Ej(> Fj) X Fj—2'5




Parsec-Scale Environment

Radial profile is roughly peR™3/2

Lower density relative to Galactic
Center indicative of lower SFR?

Berger et al. ApJ (2012)

The density profile around a dormant SMBH at z = 0.354
measured with better spatial resolution than for the Milky Way
Galactic Center




Conclusions
Ongoing & Future Work

® Continued monitoring to track the energy scale and density profile
®* UPDATE: Last epoch 1.4 — 15 GHz, consistent with predictions
® Polarization at 5-45 GHz (% and angle — magnitude and variZ

®* UPDATE: polarization ~ a few percent

* VLBl monitoring to resolve the outflow and/or measure proper motion

®* UPDATE: not yet resolved (as of ~¥1 month ago)

®* The long-term appearance of off-axis events; predictions for future radio
searches

®* UPDATE: 2 more TDE candidates in 2011....when do jets form?
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Depending on total Ej, the radio

emission will remain detectable
with EVLA for ~100-500 years
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Radio source will be resolvable
with VLBI in ~3-5 years if stays
collimated; ~1-2 years if it
spreads

Berger et al. ApJ (2012)




Conclusions
Ongoing & Future Work

* Continued monitoring to track the energy scale and density profile

®* UPDATE: Last epoch 1.4 — 15 GHz, consistent with predictions

* VLBl monitoring to resolve the outflow and/or measure proper motion

®* UPDATE: not yet resolved (as of ~¥1 month ago)

® Polarization at 5-45 GHz (% and angle — magnitude and variation with time?)

* The long-term appearance of off-axis events; prec
searches




Conclusions
Ongoing & Future Work

* Continued monitoring to track the energy scale and density profile

®* UPDATE: Last epoch 1.4 — 15 GHz, consistent with predictions

* VLBl monitoring to resolve the outflow and/or measure proper motion

®* UPDATE: not yet resolved (as of ~¥1 month ago
® Polarization at 5-45 GHz (% and angle — magnitud
®* UPDATE: polarization ~ a few percent

®* The long-term appearance of off-axis events; predictions for future radio
searches / followup

®* UPDATE: 2 more TDE candidates in 2011....when do jets form?
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