Electromagnetic Counterparts to
G ravitational Woaves

# St
y # e
£ g
&

lllustrated by: Dr. Jessie Berta-Thompson

\A, - Einstein Fellows Symposium
en fa‘l F on g Harvard/CfA

University of Arizona 10.19.2016



|

Sl TR e, P NN AR
- Saguaro National Park West, Tucson, AZ

:




Electromagnetic Counterparts to
G ravitational Woaves

# St
y # e
£ g
&

lllustrated by: Dr. Jessie Berta-Thompson

\A, - Einstein Fellows Symposium
en fa‘l F on g Harvard/CfA

University of Arizona 10.19.2016



merger

\ short gamma-ray
\ 7 burst

compact object
binary |
(NS-NS/NS-BH)

lllustrated by: Dr. Jessie Berta-Thompson



B "* Interferometer |
i Gravitational-wave Observatory (aLIGO)




Gravitational waves only
~10-100’s of sq. degrees

GWI150914
630 sq. deg.

Abbott et al. 2016

Other localization papers:
Nissanke et al. 201 |

el Abbott et al. 2013
Image Credit: LIGO/Axel Mellinger Rodriguez et al. 2014




Gravitational waves only
~10-100’s of sq. degrees

NOT TO SCALE



Gravitational waves +

Electromagnetic counterpart
<I| arcsecond

NOT TO SCALE



Gravitational waves +

Electromagnetic counterpart
<I| arcsecond

| masses |
. spins |
| distance
(~30%) |

NOT TO SCALE



Gravitational waves +

Electromagnetic counterpart
<I| arcsecond

-
|

' precise localization
redshift |

| masses |

host galaxy K
| ejecta composition (
' CONTEXT ' |

| distance
(~30%) |

NOT TO SCALE



Key Questions for Detection

What is the most promising
electromagnetic counterpart?

What cownskraints can we ptace
at present?
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Currently, GRBs are
discovered ‘“‘on-axis”’

eobs

Most GW events
will be “off-axis’
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A plethora of potential EM counterparts

Signature
Gamma-ray Afterglow r-process Afterglow of magnetar

burst (on-axis) kilonova (off-axis) formation
: time
gamma-rays broad-band near-IR broad-band radio (obs

optical??? fram.e)
seconds hours to 1-2 weeks? weeks to years?
couple of months

days
...and more?? See talks by Siegel & Foucart



A plethora of potential EM counterparts

Gamma-ray Afterglow
burst (on-axis)

gamma-rays broad-band

seconds hours to
couple of
days

Visible to an off-axis observer



Key Questions for Detection

What is the most promising
electromagnetic counterpart?

What cownskraints can we ptace
at present?
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r-process kilonova

Li & Paczynski 1998
Metzger et al. 2010

Barnes & Kasen 2013
Tanaka & Hotokezaka 2013
Metzger & Fernandez 2014
Tanaka et al. 2014

Fontes et al. 2015

Kasen et al. 2015

Foucart et al. 2016

Ilustrated byi Dr. Jessie Berta-Thompson



r-process kilonova

Li & Paczynski 1998
Metzger et al. 2010

Barnes & Kasen 2013
Tanaka & Hotokezaka 2013
Metzger & Fernandez 2014
Tanaka et al. 2014 : B
Fontes et al. 2015 g . T it
Kasen et al. 2015 B e
Foucart et al. 2016 ‘

Ilustrated byi Dr. Jessie Berta-Thompson



r-process I<|Ionova 5 (JAA

Red or blue? ; \ /
Challenging ™~ M2~ _ d- L=
to model! /’/ A

Li & Paczynski 1998
Metzger et al. 2010

Barnes & Kasen 2013
Tanaka & Hotokezaka 2013

Metzger & Fernandez 2014 [ & P
Tanaka et al. 2014 o .,
Fontes et al. 2015 L e
Kasen et al. 2015 - e

Foucart et al. 2016 IHustrated byi Dr. Jessie Berta-Thompson
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lllustrated by: Dr. Jessie Berta-Thompson Metzger & Bower 2014



hypermassive |
~ | neutron star
| (“magnetar”) |

radio magnetar
signatures,

i, e : Nakar & Piran 201 [;

lllustrated by: Dr. Jessie Berta-Thompson Metzger & Bower 2014
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Models calculated from Nakar & Piran 201 |; Metzger & Bower 2014; see also: Siegel et al. 2016
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Models calculated from Nakar & Piran 201 |; Metzger & Bower 2014; see also: Siegel et al. 2016
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Models calculated from Nakar & Piran 201 |; Metzger & Bower 2014; see also: Siegel et al. 2016
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Constraints on y/zﬂfw&f from magnetars
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Constraints on s j/zﬂﬁm% from magnetars

10_ T

Afterglow

Berger et al. 2005
Fong et al. 2015

Fong, Metzger,
Berger & Ozel 2016

| L 1 1111 H

(6)]
N
T T T TT

—
o

Magnetar E
max

L 050724A

Rotational Energy (erg)
)

PERMITTED

10 | IIIIIII| | IIIIIII| | IIIIIII| | IIIIIII| | | | IIIIIII| |
104 10° 102 10" 109 10" 102

Circumburst Density (cm'3)




Constraints on scguatuses from magnetars
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Constraints on ymfw&f from magnetars
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On the horizon

Soares-Santos et al. 2016
Cowperthwaite et al. 2016

Avncd IG-EGO
network detects a
source (200 sq. deg.)

CTIO/DECam identifies
candidate counterparts.
(PI: Berger)

VLA detects signatures Chandra detects off-axis =
of magnetar formation. X-ray afterglow emission. Gemini provides
(PI: Alexander) (PI: Fong) spectroscopic
confirmation.

B N

(PI: Chornock)




In a decade!

Gravitational Wave Observatories

Advanced LIGO-VIRGO

network detects a LSST identifies
source (10 sq. deg.) candidate counterparts.
SKA detects signatures WPFIRST tracks the Your favorite
of magnetar formation. temporal evolution. ELT provides
) : — speoproscqpio
'\ T, confirmation.
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Future Challenges for Detection

Accurate light curve predictions

Informed observing strategies

kilonovae: Cowperthwaite et al. 2015

Contamination across EM spectrum



Summary

Signature
Gamma-ray Afterglow r-process Afterglow of magnetar

burst (on-axis) kilonova (off-axis) formation
: time
gamma-rays broad-band near-IR broad-band radio (obs

optical??? fram.e)
seconds hours to 1-2 weeks? weeks to years?
couple of months

days



