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Multiwavelength
Astrophysics

TDA: Time Domain Astrophysics
All Sky Monitoring — Fast Response

MMA: Multi-Messenger Astrophysics
Electromagnetic radiation
Gravitational waves

Neutrinos,
Cosmic Rays
Meteorites
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Relative Flux (>100 MeV)
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flaring MeV blazar- MOA: Multi-Observatory Astronomy

Ajello 2016, ApJ 826, 76 L L L L
— PMN J0O641—-0320 —
—_— 10 | ==i2ee NuSTAR
. -
A -
c b
Wo —1=2 = Mu\
mu.Ul. B WW\ ' \¥} \ JECLL TN —
s g \o | ] ¥ |
b 531 = \ |
|HA. |.\0 \ -- |||I/ ....... SSC ’
|/ ' 1 .
/@ \ ' \ \
1 —& 1 h— A 1 — 1 1 1 1 —-— 1 1 | (O | :
10 15 20 D

Log v |[Hz, obs]

Flare A Flare B




(A8IN) ABieu3 uoloyd

00

L0

ot

00}

E*N; (erg-cm 2 s™)

Flux (photons - cm2- s MeV)

[Trror T

ol

B

S L

/|
’
G
s
.
,
’
’
’
’
’
’
’

;
Y.

ERERTT R RRTT B R R R B AR ETTT BN ETIT BN SR ETIT B AR AT B AN Rt

|

=) S S S o o o 3 & 3 2
) ;N & EN o R - (=] - N w
L \l T T |||||| T T T |||||| T T T ||__ T |||||||| T |||||||| T |||l|||| T |||||||| T |||||||| T |||||||I T |||||||I |’||||||_|
E 71‘ 4 ’}, = —
L + 1 O e O %0 | WM/ | O
i L L Imooowwww , i -
- 1 + |5888535% i 1 0q
B L T |IM3I3IMRAAM ! ]
- L T = mm oCon I ] CD
= { T > 0OXO0OO0 | =
N oy *8=° { A
I a9 i IS
I =3 : |
%8 ¥ L)
| o
—t

fanm 1m P
(spacoss) )

01

-——
O | On
2 wn
m T -—— 0
o -
S S
N —
W
HR (100 = 300 kev) 450 — 100 kev)
- o
o o - B s 3
: B 5 & :




IL NUOVO CIMENTO Vor. 112B, N. 1 Gennaio 1997

Since d In v =dv/v: No
redshift effect on vFv — but....

Use of vF, spectral energy distributions
for multiwavelength astronomy

N. GEHRELS

Laboratory for High Energy Astrophysics, NASA /Goddard Space Flight Center
Greenbelt, MD, USA

(ricevuto il 6 Novembre 1995; approvato il 23 Luglio 1996)

Summary. — Spectral Energy Distribution (SED) plots of log(vF,) vs. log(v) have
become popular for multiwavelength astronomy because they give the source power
per logarithmic frequency interval and thereby directly show the relative energy
output in each frequency band. They also allow easy manipulation and integration of
black-body spectra. However, usage can be tricky and misuse is common. This paper
derives equations for manipulating SEDs.

PACS 95.75.Fg — Spectroscopy and spectrophotometry. When is v f, useful?

Line/Continuum
“1 Crab @ 6 keV

= 1 milli Jansky”

S. R. Kulkarni

August 1, 2007 (some modifications since then)
mm_::.N\ Zm<~ Strecker& Woolf H@NO\ >_u._ Further modification on 4 June 2005 (§5)
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nuFnu: prompt emission: Long GRBs
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ime-dependent multi-component /
models:

(un)correlated prompt optical emission
may hold the key and allow GRBs to
serve as standard candles:

m Guiriec et al. 2016, ApJ Letters, mwpw
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an envelope-sector

Ofek Birnholtz & Tsvi Piran 2013, PRD.87.123007



F, (65688 A) [wly] (cbeerver frame)

>? — * _ T T T — T T T — T T T — T
m ﬂm O/>\ O i GRB030329/SN2003dh 1
-15.5 |- -
GRB980326: Bloom+99 . .
* - ~
— April 10.04
T T ———_-—_ T T ————-—— T T -————— T T4 - i R
I — April 17.01 |
1 el — April 22.00 |
10.00 — ® Keck {Direct) ’ I — May 1.02 ]
C 0 Keck ﬁm_unnn_.r:du. r 1
L 2o - L 4
- « Groot &t al. <L - 4
- . £ -16.5 |- .
4 KPNO 9 L J
- 4 »
mu B 4
= S J ]
- Iw \-M
100 %" - 2 = I ]
- Jos s 8 170 .
QQ 5 .
™~ =
S s POy 4 = L -
I / -
- A ]
L =
= L .
: . &h -17.5 |- A
} £ L ]
- z=0.50 26 % L || SN1998bw after 33 days |
010  weeee- z=0.70 b I L L 1 | 1 1 1
P oIz . 4,000 6,000 8,000 10,000
C et \ 8 Observed wavelength (A)
L _z=1.860 v 1
L ,f.w.:. ~ “l
GRE 9BO326 LU
B “ .,._d Lo, 28
_.Hh_.n_. .r./. / |
0.1 1 o1l 1 o1 gl 1 L ._.’s._/ .a._
Q.1 1.0 10,0 100.C

Time [days since GRE 980328] (cbserver frame)

Stirling Colgate

Atomic

NOT nuFnu _ainnd
m =-2.5 _|OmHoTn <v & ) Fundation

\Y

1925 - 2013



GRB081008; Swift/BAT
VLT/UVES FORS2 spectroscopy
ater D’Elia et al.

© NASA/Swift/Cruz dewilde
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GRBs as cosmological TOOLS
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Short GRBs

UV/Optical Telescope
(UVOT)

X-Ray Telescope

Burst Alert Telescope (XRT)
(BAT)
Optical Bench
Launched

Spacecraft

Nov 20, 2004

XRT Radiator

X-ray afterglows of SHBs
were discovered quickly,
but at a low rate.
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HR-T90 plot of GRBs detected by different missions

(from Sakamoto et al. 2011). For interpretation of color

in this figure, see Ghirlanda et al. 2015, JHEA 7, 81.)



051227|| . . 060121
Gemini’lGMOS .. O Qma_ﬁ_\ogow

r-band - r-band
- o

-—-T- m vm q.m Q _m 3 . tn gmmo:mﬂ%r._cmw..‘mw

7.4 Milliseconds

W i .Tcm_&

i
il

. 061006
mm_s_:_\mz_ow
e _?cmsn

\  060502b
& . Gemini/GMOS

- -band |
# r=band,

Density

_ g

Kickslll L. @ .

c 07
m" 06
209 061210 ]
£ Gemini/GMOS || -
20 Short GRBs A r-band|{| |
3 o4l Long GRBs

o H 100

N g
0.1 Type la SNe g
W 1 2 3 4 5 6 7 8 © 1011 12 13 14 15 18 |— Mo T e o 0
Hast-normalzed Cfizet R/ e

E. Berger et al.

Confirming the The paradigm: BNS merger — GW — short GRB
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Joe Weber’s bar
1960 .... 1972 “Detection”

Detectors have come a long way
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More BBH mergers followed . )
But what about binary

neutron stars

September 14
2015

Horizon (S/N = 8)
aLIGO(Liv) (218 Mpc)
LIGO(Han) (107 Mc)

Virgo (58 Mpc)
Paradigm: BNS merger = Short GRB

Rates: 102Mpc3 105 yrt(4r/3) (200 Mpc)3 ~ few per year

Scaling from known sGRB rates or population synthesis
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Neil’s search
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Kilonova (B. Metzger 2010)
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planck mean opacity (cm? g')
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Astronomy with
Radioactivities
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Neutron capture
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Nucleosynthesis studies need input from

Lab Astro: nuclear masses, lifetimes, etc.:

quadrupole
coils

Py ion gauge

ion pump

ion pump

connections quadrupole \
to Rb dispensers coils
d 100 mm W .

viewport 0

Full use of kN spectroscopy requires
input from

Lab Astro: EBITs etc

World Wide Radioactive Beam Facilities
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Studied "2 generation" facilities
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TAP Telescopes:
Pl: Jordan Camp (GSFC)




J. D. Myers (GSFC)

WEFI: Lobster Eye Geometry
microchannel optics

Unreflected rays
create diffuse

background /

Reflective
surfaces

| 92IN0§
( 921N0§

transient

.—.Lowm—nm”—.. ﬁommw_:mmrq___.hﬁw_nm (not to scale)

1M2H (UCSC)
Lobster-Eye geometry: simultaneous large FoV, high position
resolution and high sensitivity = Time Domain Astronomy
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Increasing strength of grav
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Time Domain
Discovery Space
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Diffuse galactic
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Uninersity — October 24-26, 2017

In preparation for Senior Reviews, Neil gathered a large group of TDA enthusiasts, to discuss
the status of the field and to aim in the forward direction with Swift in the context of ground-
and space-based missions: We will miss him dearly when we gather again later this year.
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from: Ken Nishikawa

| like this photo very much. It presents Neil’s leadership and

his beautiful smile, revealing his kind human nature. | had Thank you Neil
wonderful times with him at meetings. At GSFC, he hosted me

and | had a fruitful time with him and his colleagues.

| miss him.



