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The Mobel Prize in Physics 2011 was divided, one half awarded to Saul
Ferlmutter, the other half jointly to Erian P. Schmidt and Adam G. Riess “for the
discovery of the accelerating expansion of the Universe through observations of
ciistant supernovae”.

Science

®High-Z SN Search Team
@ Supernova Cosmology Project

L ¥

b

.
g3 — 0,203,007

5 5T
. — 0,03, 0,00
-3
.} — —
i --0,=1.0,0,=00
oL 1
T

L K

—8
—®

—&

=9
o
i 2
- B 8 —
»—01—'—‘-»:1_
(RRHP, g
o
(=
T &
[}
1
1
]
b
—e—
»,
+
i
+
I
E

g

0.01 0.10 1.00

Mg — 51og(h/65)

Mg — 5 log(h/65)

B as measured ]
181 -
47 -

- Y ]

C o = .
-16 [ Py * -

= Calan/Tololo SNe Ia ]
-15L \ | \ .

-20 0 20 40 60
days
-20 C ‘ 7

r y - ‘ 7

i 149 light-curve timescale -
- C

19¢ ; t.. “stretch-factor” corrected

-/ : 5

C / 2 ]
18] 9 ]

B £ ]

C [ % 7

| (2 -

C ) [ ] 7
17+ M., —

E % i

C .“ [ ! 7

F o ~e fe @ .

5 & o o
16 -
15 | | \ ]

-20 0 20 40 60



log (f,) (erg s' cm=2 A1)

Hjorth, Sollerman, Mdller, et al. 2003, Nature 423, 847

-15.5

-16.0

-16.5

-17.0

-17.5

GRB030329/SN2003dh 1

— April 10.04
— April 17.01
— April 22.00
— May 1.02

| SN1998bw after 33 days | ‘ l
I.l 1 L 1 I 1 1 1 I. Il 1
4,000 6,000 8,000 10,000
Observed wavelength (A)

Py (1077 erg 5™l em™2 A7)

0.4

0.3

0.2

0.1

0.0

—— GRB 1012198, Aty = 7.5 hr
— GRB 101 ]

erghone, Alpeg = 106 days

SN 1908kw, Aty = 8 days

Mri AN

4000

A000

GOOO TO00

Observed wavelength (A)

=000 9000

10

Figure 3 from Spectroscopic Evidence for SN 2010ma Associated with GRB

1012198
Sparre, Sollerman, Fynbo, et al. 2011 ApJ 735 L24

00




The Royal Swedish Academy of Sciences has
decided to award the Nobel Prize in Physics
for 2011 with one half to Saul Perlmutter.
and the other half to Brian P. Schmidt and
Adam G. Riess "for the discovery of the
accelerating expansion of the Universe
through observations of distant supernovae™

VETENSKAPS-
AKADEMIEN

THE ROYAL SWEDISH ACADEMY OF SCIENCES

- & The greatest challenge was to find distant Type

.
| | F
¥ Ia supernovae. In a typical galaxy. only a few
such explosions occur in a thousand years. The
30 Oct. 1995 .,i 300t 1995 iF
L
h. 7
.

trick was to image a Large piece of sky a few
weeks apart. Then the images wers compared
“Some say the world will end in fire; Some say inice...”*

in the hope of discovering a new small dot of
light that could be the sign of a supernovaina
faraway galaxy.

M Dark energy
B Gravity

What is the ultimate fate of the Universe? Probably it will end in ice.
This year's Nobel Laureates studied several dozen exploding stars,
called supernovae, in faraway galaxies and have discovered that the
expansion of the Universe is speeding up. The accelerating expansion
of the Universe is one of the greatest enigmas in physics today.

€ Superncva 19940 inthe outskirts of its galaxy
NGG 4526 A supernova is a stellar explosion
that, during a few weeks, can outshine its home
galaxy

The two research teams raced each other to
map the Universe by discovering the most
distant supernovae, stellar explosions in space
They hoped to reveal our cosmic fate by finding
signs that the expansion of the Universe was
slowing down. What they discovered was the
opposite - the expansion is accelerating

Saul Perlmutter headed one of the research
teams, the Supernova Cosmology Project,
initiated in 1988. Brian Schmidt headed another
team of scientists. which, towards the end of
1994, launched a competing project, the High-z
Supernova Search Team. in which Adam Riess
was to play a crucial role

Regular matter

Brian P. Schmidt
US. and Australian
citizen. Born 1967

in Missoula, MT,
USA . Distinguished
Professor. Australian
National University,
Weston Creek
Australia

Adam G. Riess

U.S citizen. Born
1969 in Washington.
DC, USA,. Professor
of Astronomy and
Physics. Johns
Hopkins University
and Space Telescope

2 s 14 BILLION YEARS AGO — BIG BANG 5 BILLION YEARS AGO
Baltimore, MD, USA. ¢ "

Saul Perlmutter
US. citizen. Born
1959 in Champaign-
Urbana, IL, USA
Professor of
Astrophysics,
Lawrence Berkelsy
National Laboratory
and University of
California, Berkeley,
CA. USA

Dark energy Dark matter

=

The expansion started with the Big Bang. During
the first several billion years, the expansion
slowed down due to gravitation from matter.
However. about 5 billion years ago. when the
unknown dark energy became dominant over
matter. the expansion began to accelerate.

The researchers hoped to reveal the fate of
the Universe by establishing how far away
supernovae are from Earth and how much the
Universe has expanded since they exploded
All Type Ta supernovae shine with similar
brightness. a preperty that makes them useful
as 'standard candles” to measure the distances
to their home galaxies. The dimmer the
supernova light. the farther away its galaxy.

8 4

When the galaxies are carried away. imbedded
in the expanding Universe, the wavelength of
light becomes longer and thus redder. This
so-called redshift is useful in measuring how
much the Universe has expanded since the
light was emitted

Cosmic puzzle. An unknown so-called dark
energy is believed to be responsible for the
accelerating expansion. Toegether with invisible
dark” matter the dark energy constitutes
95 percent of the Universe. Only the remaining
5 percentis regular matter that makes up
galaxies. stars, flowers and humans
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Word of the day: Altercation

The Supernova
Cosmology Project
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OBSERVATIONAL EVIDENCE FROM SUPERNOVAE FOR AN
ACCELERATING UNIVERSE AND A COSMOLOGICAL
CONSTANT

ADAM G. RIESS, ALEXEI V. FILIPPENKO, PETER CHALLIS, ALEJANDRO
CLOCCHIATTI, ALAN DIERCKS, PETER M. GARNAVICH, RON L.
GILLILAND, CRAIG J. HOGAN, SAURABH JHA, ROBERT P. KIRSHNER, B.
LEIBUNDGUT, M. M. PHILLIPS, DAVID REISS, BRIAN P. SCHMIDT, ROBERT
A. SCHOMMER, R. CHRIS SMITH, J. SPYROMILIO, CHRISTOPHER
STUBBS, NICHOLAS B. SUNTZEFF, AND JOHN TONRY
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1929 The Expansion of the Universe v=H*d
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FIGURE 1
Velocity-Distance Relation among Extra-Galactic Nebulae,

Radial velocities, corrected for solar motion, are plotted against
distances estimated from involved stars and mean luminosities of
nebulae in a cluster. The black discs and full line represent the
solution for solar motion using the nebulae individually; the circles
and broken line represent the solution combining the nebulae into
groups; the cross represents the mean velocity corresponding to
the mean distance of 22 nebulae whose distances could not be esti-
mated individually.
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FIGURE 1

Velocity-Distance Relation among Extra-Galactic Nebalae,

Radial velocities, corrected for solar motion, are plotted against
distances estimated from involved stars and mean luminosities of
nebulae in a cluster. The black discs and full line represent the
solution for solar motion using the nebulae individually; the circles
and broken line represent the solution combining the nebulae into
groups; the cross represents the mean velocity corresponding to
the mean distance of 22 nebulae whose distances could not be esti-
mated individually.
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How to find supernovae?
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Danes found SN 1988U @ z=0.31 in 2 years search
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SDSS

484 confirmed SNe la with IAU designations
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MLCS SNe la Hubble diagram.
The upper panel shows the
Hubble diagram for the low-
redshift and high-redshift SNe la
samples with distances measured
from the MLCS method.
Overplotted are 3 cosmologies:
"low" and "high" QM with QA =0
and the best fit for a flat
cosmology, QM = 0.24, QA = 0.76.

The bottom panel shows the
ifference between data and
odels with QM = 0.20, QA = 0.

The open symbol is SN 1997ck (z = 0.97), which
lacks spectroscopic classification. The
average difference between the
data a QM =0.20, QA =0

prediction is 0.25 mag.
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The composite spectra consist of 3 (10), 14 (18), and

15 (9) individual spectra with average A of 0.33, (0.43),
0.01 (—0.05), and —0.32 (-0.28) for the underluminous,
normal, and overluminous subsamples defined by Jha
et al. (2006) for the ESSENCE (Lick) sample,

respectively. All have average redshifts
of ~0.3. The gray regions are the 1
o bootstrap variation. The green
lines are the Lick composite
comparison spectra. The purple
lines are the total Lick composite
spectrum.

Foley et al. (ESSENCE) The Astrophysical Journal 684 (2008) 68

Constraining Cosmic Evolution of Type la Supernovae



Relative F, + offset Relative F, + offset

Relative F, + offset

KEst wavelengtin | A

est yavelengtn | A

Resl wavelengin |A|

Rest wavelengin [A]

3000 4000 5000 6000 3000 3500 4000 4500 5000 3500 4000 4500 5000 5500 6000 6500 3000 4000 5000 6000
[ I I ] 2 T T R IS R LS A LS T T T
r b027 (z 0 315) N C 04DZan (z 0 621) C 2003]3 (z 0. 363) : 4 [ At. =0d 2006mk (z 0 475)
L At, =0d ] 15F 20 0d1 o FobE .
151 1 s i Atobs=0d: 3 - to=0d] o s -
[ ] ﬁ r 1 £ 15 r - ﬁ I b
L | =] =) 2L ] =] - -
WL 1 % 1of 1+ F 1 + 2F .
g ] = f ] = 1of 4 = [+ :
C ] @ - i 2 C ] o C I
osf 1 & osf 15 1241 £ 1 VTV TN
C +26 1 & - #6 1 8 05t 1 & M\/\ :
C ] L ] C ] ok -
0‘0 : N 0|0 L Jd 0'0 -_ _- :+32 :
il A IR PR BRI BRI B | R I B R T L 1 TP | 1 N E .1 Ll 1 1 I g oo
3000 4000 5000 6000 7000 8000 9000 5000 6000 7000 8000 5000 6000 7000 8000 4000 5000 6000 7000 8000 9000
Observed Wavelength [A] Observed Wavelength [A] Observed Wavelength [A] Observed Wavelength [A]
Rest Wavelength [A] Rest Wavelength [A] Rest Wavelength [A] Rest Wavelength [A]
3000 4000 5000 6000 7000 4000 5000 6000 7000 3000 4000 5000 6000 3000 4000 5000 6000 7000
LA ENL AL BELENLANL AN B T I LA L B B LA L RN R BRI T T
25F 2006sc (z=0.357) ] 3k 2006tk (z 0 312) 4 4 - 2007tg (z=0.502) - [ At =04 2007tt (z O 374) :
- At,,=0d] . | T : At,, =0d] L 3" P
20 < - Q S 2 3L s ] 5] [ ]
g 1 4,0 g 7t \r’\/‘/\‘/\’\/\% 1 € ]
I ] S 21 =] - E ©
15F 4 + + [ 1 o+ 2r 7
. +13] & w20 +91 =5 [ +14 f\mf\/"\/\_.,\,,\’__'\:
1.0 - ] g 1 r .q_a) . M ] ‘g 1 [ N
05 +219 & | & f B = [+ M/Mi
: . 0 : ] or ]
0.01_..I....I....I....I....I..._: [ 0-_|.|.I|..|I|...I....I....I...: -|I.||.I|.||I||.|:
4000 5000 6000 7000 8000 9000 5000 6000 7000 8000 9000 5000 6000 7000 8000 9000 4000 6000 8000
Observed Wavelength [A] Observed Wavelength [A] Observed Wavelength [A] Observed Wavelength [A]
Rest Wavelength [A]
3000 4000 5000 6000 7000 8000
T Terrr1
251 200’7un (z 0 283) .
L5F 3
F +9
1.0 -
s Mwﬁ
0.0 ]
B TP L (ORI STETITTIL QPSR [PEPEPIN Y

4000 5000 6000 7000 8000 900010000
Observed Wavelength [A]

The Astrophysical Journal 682 (2008) 724

Time Dilation in Type la Supernova Spectra at High Redshift
S. Blondin, T. M. Davis, K. Krisciunas, B. P. Schmidt, J. Sollerman et al.



Aging rate

0.67 0.43
!
1.2 1/(1+z)
1.0 I
0.8 —
T 004 003 002 001 0.00_|
0.6 =] ” | I ] :
I [
I 12§ ]
0.4 10 —
- 0.8 |
- 0.6L .
0.2~ 096 097 098 099 1.00 |
| 1 1 I | | | | | | 1 I | | |
0.6 0.7 0.8 0.9
1/(1+z)

The Astrophysical Journal 682 (2008) 724

Time Dilation in Type la Supernova Spectra at High Redshift
S. Blondin, T. M. Davis, K. Krisciunas, B. P. Schmidt, J. Sollerman et al.

Relative flux + constant

3500 4000 4500 5000 5500 6000 6500 700(

Rest Wavelength [A]




Article Contents

INTRODUCTION

The High-z Program

A Brief History of Supernova Cosmology
This Paper

OBSERVATIONS

Discovery

Data

ANALYSIS

K-Corrections

Light Curve Fitting
COSMOLOGICAL IMPLICATIONS OF TYPE la SUPERNOVAE
Cosmological Parameters
Deceleration Parameter
Dynamical Age of the Universe
DISCUSSION

Evolution

Extinction

Selection Bias

Effect of a Local Void

Weak Gravitational Lensing
Light Curve Fitting Method

Sample Contamination
Comparisons
CONCLUSIONS

APPENDIX

REFERENCES



Relative F,

n 2
N o

o
w

n
=

Magnitude

no

no
~1

96E ! ' 96E a‘
—— B89B (Type la +13 days) —— 92ar (Type lc +3 days) |

FIG. 12.— Riess et al. 1998

Comparison of the spectral
and photometric observations

w

no
[e}]

of SN 1996E to those of Type
. | | la and Type lc supernovae.
e v s The low signal-to-noise ratio
0 o of the spectrum of SN 1996E
NS L P | and the absence of data
o | o blueward of 4500 A makes it
(mag) g | Gimg) e difficult to distinguish
between a Type la and Ic
i e 2 classification. The light and

color curves of SN 1996E are
also consistent with either
supernova type. The
spectrum was taken 6 days
(rest frame) after the first
photometric observation.



a -
4 A = 40.75
l,ﬂ-.‘l
ol - 105
' - 1025
_ I
0 < +
Redshift z 05 0.0
03 1 -
Probability

Hzolek et al. 2012, BEAMS & SDSS-II, arXiv 22 november 2011



Article Contents

INTRODUCTION

The High-z Program

A Brief History of Supernova Cosmology
This Paper

OBSERVATIONS

Discovery

Data

ANALYSIS

K-Corrections

Light Curve Fitting

COSMOLOGICAL IMPLICATIONS OF TYPE la SUPERNOVAE
Cosmological Parameters

Deceleration Parameter

Dynamical Age of the Universe
DISCUSSION

Evolution What is a SN 1a??
Extinction

Selection Bias

Effect of a Local Void

Weak Gravitational Lensing

Light Curve Fitting Method

Sample Contamination

Comparisons

CONCLUSIONS

APPENDIX

REFERENCES



ux

Normalised Pl

1.06

1.04 |

1.02

0.98

SN 2001el (epoch = —8.7 days)

-2 A_ll )

‘l‘|x|'

|
i \ ” WI \ | n \| ’\'“l ' |||||| M H[J I ‘ﬁ

N [ £
o ||||“| '|FJ '“' ] Wil ||""h|' \ l‘ | 'm"i'll I ‘ L\ | f” w ||¢ ",
Bl |’ | A e

\ l | [

SN 2001el (epoch = —1.7 days) 'ZCE-I

f P15

ﬁ 1o UTINTIRR N
ll wﬁlf.l' 'lJ || "||"|I nl III |J ILII |I| l'l|\“| |ni|’[/‘lliﬁ,-4“ Uy |I| l'*|”|| h,,q|.' |L|J lll'1ur ||‘L |‘||',I|||';'|I

6580 6585 6580 6595
Wavelength (A)

Mattila, Lundqvist, Sollerman, et al.
2005, A&A, 443, 649

T T | T

SN 2001el, day 398
{VLT/FORS1}

Wavelength (&)

7000 8000




mag. mag.

mag.

Normalized flux

Normalized flux

Phase (dav)

-10
Phase (day)

.

. - . -

484 conﬁrrmed SNe la withr IAU designations

Hayden et al. 2010; SDSS-II



Li et al. Nature

Upper limits — M < 3.5Msun for companion

M101

T *h - Eap Bl 5

v 3 e T
o ; Lt T g [
: w

- Starl  —e

.-""'_ -\"\-\.
5
' : : Wi, 8 Starz T ™ 4 '

‘H'

»
“B




Nugent et al. 2011

Figure 1: PTF g-band image sequence of the field of Messier 101 showing the appearance of
SN 201 1fe. From left to right, images are from August 23.22, 24.17, and 25.16 UT. The supernova
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J. Sollerman et al. 2009 ApJ 703 1374

FIRST-YEAR SLOAN DIGITAL SKY SURVEY-II (SDSS-1I)
SUPERNOVA RESULTS: CONSTRAINTS ON NONSTANDARD
COSMOLOGICAL MODELS

Flat dark-energy model (Fw): a flat
universe with constant w. The constraint
from each of the observational probes is
shown by shaded contours. These are all
95% confidence intervals for two
parameters. Overlaid with black lines (95%
and 99.9% confidence intervals) are
contours from combining CMB/BAO-{A,
CMB-R, and SN constraints. The shaded
contour labeled SN is for the analysis using
the MLCS light-curve fitter. In this plot we
have also added the CMB-R constraints,
although these are not included in the
model selection. The dotted supernova
contours are using the SALT-II fits. For the
SALT-Il data set the combined contours are
given by the dashed contours, and are
clearly in better agreement with the
cosmological-constant value, w = —1, shown
by the dashed-dotted line.

Makes a difference!
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Gamma-Ray Bursts

(The Supernova Connection...)

Vela
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OBSERVATIONS OF GAMMA-RAY BURSTS OF COSMIC ORIGIN

Eay W. Kiepesaper, Ian B, StRONG, AND Rov A, Orson

University of California, Los Alamos Scientific Laboratorv, Los Alamos, New Mexico
Received 1973 March 16, revised 1973 Aprl 2

ABRSTRACT

Sixteen short bursis of phoetons in the energy range 0.2-1.5 MeV have been observed between
1969 July and 1972 July using widsly separated spacecraft. Burst durations ranged from lesz than
0.1 % to ~30 s, and time-integrated flux densities from ~10—% ergs cm—2 to ~2 » 10—% ergs

cm—% in the energy range gven. Significant time structure within bursts was observed. Directional
information eliminates the Earth and Sun as sources.

Subject headings: gamma ravs — X-ravs — variable stars

I. INTRODUCTION

(On several occasions in the past we have searched the records of data from early
Vela spacecraft for indications of gamma-ray fluxes near the times of appearance of
supernovae. These searches proved uniformly fruitless. Specific predictions of gamma-
ray emission during the initial stages of the development of supernovae have since
been made by Colgate (1968). Also, more recent Vela spacecraft are equipped with
much improved instrumentation. This encouraged a more general search, not re-
stricted to specific time periods. The search covered data acquired with almost con-
tinuous coverage between 1969 July and 1972 July, vielding records of 16 gamma-ray
bursts distributed throughout that period. Search criteria and some characteristics of
the bursts are given below.

Supernova-
connection

from the start
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Table 1

A ukhor Tenr Reference MInin  Zod Flaos Dencription

Fub Body Heody
Colgabs 1988 CIPhym, 18, S48 =T cos STf mhockm whellar murfacs in distmot galnsoe
Colgabs 197l ApT, 18%, 22z =T cos Type [[ SH mhock brem, iov Comp mcat ot wbellnc mucfaos
Stecler =t al 1972 Mature, 215, PSy0 =T DISE Stellnr muperfiace from neacby mbor
Stecker =t ol 1972 Mature, 215, PSy0 WD DISE Superflace from osacky WD
Hacwit =t ol 1972 ApT, 188, L27 b3 COM  DISK Relic comst perburbed bo collids with old gnlnckic IS
Lamb =k ol 1972 Maburs, 2468, PSS52 WD ST DISK Aocoshion oobo WD from fare in com panion
Lacb =t ol 1972 Mature, 2468, PSSZ 3] =T DISE Accpetion oobs IS from Sace in companion
Lacab =t ol 1972 Maturce, 2468, PSS2 BH =T DISK Accrstion oobo BEH from face in companicn
Fwric oy 197l Ap L S5, 7E, 111 b= HALD NS chunk contnined by =xberoal presmurs =scnpem, =xplodem
Grindlay =t al. 197 L ApT, 187, LS3 DG SOoL Relnbivistic iron dust graio up therm molnr radinti
Eirecher =t al. 197l ApT, 1Y, Loy =T DISK Diirecbed whellar fare on oeachy stac

1971 SovAwbron, 15, 320 WD COM  DISK Comet from wymbem'm cloud whrilkes WD
Schlovakii 197 L SovAwbrono, 18, 320 NS COM DISK Comet from wymbem's cloud whrilkem IS
Bimoovabyi- sbal. 1975 Ap & 55, 35 28 ST cos A bworphion of osutrino =mismion from SIY io whellac emeelope
Bimoovatyi- stal. 1975 Ap L 55, 25 22 =T sH cos Thermal =cismicn when mmall wtar beabed by SI mhock wave
Bimoovatyi- stal. 1975 Ap & 55, 25 22 b3 cos Ejected matber from MS explode
Facioi et al. 197l Makure, 251, 300 b= DISK IS crumtnl mbnrquales glibch; mbould tice coincide with GRE
Maclilnr =k ol 1974 Mature, 251, S00 WEL cos W hits bols =mite mpecbrum thnt mofb=om with tice
Ty gnn 1975 Alea L 21 b 3=] HALD IS corequake =xcibos vibraticoms, changiog E & B felde
Chanomugnom 197l ApT, 193, LTS WD DISK Comeection inmids WD with high B feld producem Aars
Frilutmki =t al. 1975 Ap L 55, 2, 305 AGH ST cos Collnpms of mupermammive body ino oucl=um of ackive golnsy
Ifarlilar =k al. 1975 Ap L 55, 35, 271 WH cos W H =xcibes wynchrotron soission, ime s Compbon scatberiog
Firmo =t al. 1975 Mature, 256, 112 BH DISK Iow Comp mcat desp in eragcephers of fawt rotmtiog, accreting BE
Fabinn =t al. 1976 Ap L 25, AT, 7Y b3 DISK IS crumbgunbe mboclm MS murncs
Chanomugnm 1978 Ap L 55, AT, 52 WD DISK BIngoetic WD mufferm MEHD iowtnbilitios, Sacem
Blullan 1976 ApT, 20E, 190 WD DISK Thermal radintion from fare oear magoetic WD
Weoomley =t al 1976 Maturce, 283, 101 b3 DISK Carbon debonntion from accosbed matber cobo IS
Lacab =t ol 197%  ApT, 21%, 197 b3 DISE Bing @roting of accret dimk acrcund IS caumes mudden nocoskion
Firmo =t al. 1975 ApT, 214, TeE BH DISK Lomtmbility in accosbion oobs mpidly cotabiog BH
Damgupts 1970 Ap L S5, &2, 517 DG SoL Chrrgsd inb=rgnl ral dusk grain =ob=rm scl oW, breslm up
Ty gnn 1SE0 Akea, £, 224 WD DISK WD murfacs nuclear burmt cnumss chromompberic Aaces
Taygnn 1SE0 Akea, £, 224 b3 DISK IS murfacs oucl=ar buret coumsm chromcompheric Sacom
Baconty =t al. 1SE1 Ap L 55, 785, 193 3] DISK IS vibroticom beat akm bo pair produce, aonihilabe, myoch cool
Mewman =t al. 1SE0 ApT, 242, 21D b3 AST DISK A wberoid from ioberwbellar mesdium bite M5
Baconty =t al. 1SE0  Mature, 287, 122 b= HALO IS core quaks caumed by phome traomiticon, wibmakicom
Houmnrd =t al. 1981 ApT, 2@, 20T b3 AST DISK Awbercid hitm IS, B-fleld confinmm mamm, creabos high tecp
Blitrofancw =t ml 1SE1 Ap L 55, 7T, 48R 3] DISK Helium famh cooled by MED waves in M5 cuber lnyerm
Colgnts =t =l 1SE1  ApT, Z4E, 7Tl b3 AST DISK Awb=rcid hite IS, tidally dimrupts, beatsd, =xpelled along B lin=s
“an Buren 1SE1 ApT, 29, I9T b3 AST DISK Awbercid ecterm IS B feld, doagged bo surfacs collimion
B = netmon 1SET CoaFiem, 20, 72 G SOoL BIngoetic reconopsctkion nt helicpnums
Ente 1SET  ApT, 2E0, IF1 3] DISE IS flarem from pair plamms confioed in MS magocbompbers
Woomley =t al 1SET  ApT, 2NE, 71 b3 DISK MIngnoetic reccnoechion afber MS mucfucs He fambh
Fryxell =t ol 19ET  ApT, ISE, 72T o= DISE He fumico summwsy oo MS B-pols belium lake
Haceury =t al 1SET  Akea, 111, 2T 3] DISE = capture triggers H flamh trigg=re H= Samh oo IS surface
Blitrofancw =t ml 1SET MIRAS, 200, 1023 NS DISK B induced cyclo rmm in rad abmorp giviog rel =-m, iov © st
Fenirmors =t al 1SE2  Makure, 207, 885 b= DISK BEH X-raym iov Comp mcab by botber cverlyiog plomoma
Lipunc =t al 1SET  Ap L 55, 85 82 b3 ISha DISK ISHI matber accum ot S magostopaume then muddenly accrebm
Banno 1SET  ApT, 2681, L1 WD HALO IMooscplomive collnpms of WD iobo rotating, cooling IS
“renturs =k @l 1962  Tatuce, 301, 491 b3 =T DISK IS mocretion from low masm bioary companion
Bimoovatyi- stal. 198Z  Ap L S5, &89, L7 3] DISK Meutron rich sl=mentm bo IS murface with quaks, uodergs Swmicn
Himoovatyi- =bal. 1984  Soviskron, 78, 62 b DISK Tbhe=romooucl=nr = plomion bensth HS surbace
Ellimon =t al. 1SE2  Alea, 128, 107 b3 HALO NS corequabe + uneven henting rvi=ld SGR pulssbicos
Haceury =t al. 1SEE Al-a, 128, 209 3] DISE B fleld cootminm matber oo S cap allowiog fumicn
Bona=—=ola =t al. 1SEL  Alea, 138 =0 b= DISK IS murfacs nuc =xplomion caimem mmall moals B recoonsction
Blichel 1SES  ApT, 200, 7 b3 DISK Remonot disk icnisaticn instnbility caumos msudden accreticn
Linog 1SEL  ApT, 2EI, LT b= DISE Remonaot EM abmorp during magostic fnre gives hot myoc =-a
Linog =t al. 1981 Matucs, 210, 121 b3 DISE IS mngoetic Seldm g=t twisbsd, recombine, creabe Sacs
BditroBnno 1SEL  Ap L S5, 108, 245 NS DISK IS mngoetomphers socibed by stnrquaks
Epwbein 19E5  ApT, 291, E2T b3 DISE Aocretion imetability betwes=n MS aod diek
Schlovakii =t al 1SES BINRAS, T1T, 515 b3 Hal© ©Old NS in Galackic balo undergoem mbarqunles
Ty gnn 1SEL  Ap L S5, 108, 199 0 NS DISE Wenl B feld MS mpherically mocosbem, Compbonizos X-raym
e 1SEL  Ap L S5, 107, 191 b3 DISK IS flarem remulk of mngostic convechive cecillation iomtnbility
Haceury =k al 1SES ApT, 293, S8 3] DISK High Laodnu =m beamed along B linem in cold abm oE S
Bappapork =t al 1SE%  Mature, 314, 242 b3 DISK IS + low minmm wbellne companicon givem GRE + opkical Samb
Tremmine =t =l 1SE6 ApT, 301, 155 b3 COM = DISK IS tidem dimrupt comet, debrim hitm IS oext poss
Blumlicace =t ol 1986 Ap L S5, 120, 7 3] HALO Radinlly cecillating MNS
Sturrock 1968 Mature, 2271, 47 b3 DISE Flare ino the magostomphers of IS acoslernten =m aloog B-A=ld
Facsyomki 1986 ApT, 308, L1Z b 3=] cos Commc GREm: rel =- =t opt thk plamons cutfow indicated
Bimoovatyi- =t al 1SE6  SovAwbron, 30, 582 NS DISK Chnin femion of muperhemey nuclei below NS mucface during SH
Alesck =t al 1988 PRL, 57, 0S8 == EE] DISE ST «joctm whrangs mat lump craberm cotnbing S companicn
“rohin =t ol 1SEE Alea, DO, S5 =T DISK Magostically achive sbellnr sywbem gives sbellac fars
Babul =t ol 198 ApT, 218, Lo o= cos GRHE remult of energy relenmed from cump of comoic whriog
Livic st al. 1SE%  Mature, 327, 39E b 3=] COM DISK Oort cloud arcund S can =xplain moft gamma-r=penbemm
BIcHresn =t al. 1SEE  IMature, 223, 231 Gal.  AcGH  Ccos Gowaors bhged mnles BL Lac wiggls acroms galnsy Leom onuwbic
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Table 1
Subboc Tenr  Refeceocs Minio 2od Flacs Demcriphico
Pub Dody  Bedy
Colants 1E CIPbym, 15, 5478 =T cos S mbockm whelar murfnces io distmot
Colgats 109l ApT, 187 23T =T CcOos Typa [I SI mheck brar, inv Corp scat at whallar murface
Stecker =kt al. 1G73 HMature, 215 FS70 =T DISK Stellar muperfare from oeacby wiar
Stecker ok al 1272  HMature, 245 FPST0 WD DISK Superflare from oencby WD
Haorwit =t al, g Apd, 182, L3v s COM DISE Relic comest pertucked bo collide with old galackic S
Lamb =k al 1272  HMatbure, 245, PS5 WD ST DISK Accrekion oobo WD from flace io compnoion
Lacmb =t al 1872  Matucs, 245, PSS s ST DISE Accostion oobo HE Eom Hars o companicon
Larab =t al. 1oz Maturs, 218 PES2 p=1= =T DS Accrstion oobs BH fror fiare io companion
Fwricly 1g7l  Ap Ir S5, 7E, 111 S HALO IS chunk contmined by exteroal pressure sscapes, sxplodes
Grindlay =k al 19%l  ApT, iE%, LO2 nG SOL T elnbivimbic iron dusk gmain up-scatbere molar mdinkicon
Hrecher =t al gl Apd, 157, LOT =T DISE Diceck=d whkellar Aacrs oo o=acky whac
Schlovalii 1ol SovAmkron, 15, 200 WD COM DISK Cormmet from eywbarm's cloud whrike=a WD
Sov Amkroo, 18, 300 s COnM DISKH Coomet froom sywbam's cloud whriles IS
ap I S5, 25, =T cos A bmorption of oeutrine amission from S io whellac =mvelops

ST SH Cos Thermal ecismicon wheno momall whar beabed by SH mhock wavee

s cos Ej=ck=d matber from HE explodoa

o= DISKH IS crumtsl smrquake glibch; mbould time coincids with GRE

WEL CcCos W hits hol= =it mpackrum that mofb=om with tira=

S HALO IS corequake =xcibem vibratiomm, changing E & B falde

WD DISK Corvection iomide WD wikth bigh B fleld produces Aare
Prilutaki =t al. Ap L 52, 21, 205 AGH 8T cos Collapme of mupecciammive body io oucleum of achive galacy
Maclilar =t al. 1095 Ap L EE, 2N, 201 WEL cos W =xcibem myochrobron ecismicn, ioverss Compboo scatberiog
Tirnn =k al. 1095  Mabure, 2856, 112 h=14 DISK  [ov Corp mcat desp in argomphars of fast cotmtiog, accrating D
Fabian =t al. 1G7S Ap L 85, LF, T s DISK IS crumbyumle mbocle IS murface
Chanmugam 10968 Ap & 3T, 43, &3 WD TISK  Magnetic WD muffers MEHD instzbilitios, fnres
Mullzo 1098 ApI, 20, 100 WD DISK  Thermal mdiatico from Hare near mzagostic WD
Wooaley =k Al 1cee Maturs, 282, 101 o= DS Carbon d=tonation from accrek=d matkar oobs NS
Iamb =t al 197 ApT, 21%, 197 S DISK  Mag grating of accret dimk arcund IS causes mudden accretion
Timano b ol 1Sv%  ApT, 2id, W& =14 DISK  Iowmbility io accrebicn oobo mpidly rotakiog BE
Dasgupta 1970 Ap Ir S5, 83, 517 DG 0L Charged intergal rel dust grain =obere sol mym, brealw up
Twygan 1GEN AL S BT, 2L WD TUISK WD murface ouclenr bursk caumes chromcephberic dares
Twrgao 10En Ara BT, 22U M= DIEK NS musuce ouclear bumwb caumes chroocepbecic Sare
Raraaty =tal 10E1  Ap I ©2, 75 100 2] DISK IS vibraticom heaat sk = paic producs, annibilaks, mynch cosl
Hewman =t al 1GED Apl, 24z 219 s AST DISK Awbarcid from ioberwbellar medium hite IS
Tenrnaty =hal 1GEN  Mabure, 287, 122 M= HALD NS core qualke caumed by plome franomibion, vibmkicos
Howard et al 1081 ApI, 4@, 207 M= AST DEK  Asbercid hite M2, B-feld coofinms mams, creabes high teomp
Mlitrofanoy =t al, 1CE1 Ap & 2R, 7T, 82 o= DIEK Haliur fiamh coolad by MHD waves io IS cuter layam
Colgnts =t 2l 10E1  ApT, ME i1 25 AST DISK  Awsbercid hite IS, kidally dierupie, beatsd, sxpall=d aloog B line
+an Buren 1GE1  ApT, 249, 297 S AST DISK  Amberoid eobers NS B field, dragged to sucface collimion
Hu-netmo 1IGE?  ComFeem, 20, 72 Mo SOL Magnetic reconpechion ok heliopa ume
Habs 10ET  ApI, OO, Y1 M= DISK NS Sacem fom pair plamma coofio=d io M8 magosbcepbece
Wi cal=y =t al. 10ET  ApT, DEE V1S h2] DISK  M=agnetic recconsckion afbar MES murface He= Samh
Fryxell =t al. 1GET  ApT, 2EE v3Z S DISK  He fumicn rucsway oo IS B-pole balinm lake
Harmeury =k al. 1GET  Ales, 141, 24T M= TUISK e capbure briggers H flanh triggers He= flanh on HS surfce
Mitrcfaney =t 2l 1GET  MMRAS, 300, 1033 S DISK B induced cyclo rem io mad abmorp giviog rel ==, iow © st
Penimore et al. 1GET  Mabure, 297, 885 M= TISK BE X-mym iow Comp mcab by bobber coveclyiog plamma
Lipunce =t al, 10ET  Ap L S, £S5, 1650 M= IS8 DISK IS matber accum 2t M magostopause theno muddenly accrebes
Dazn 10ET  ApT, 281, L1 WD HALD Meonscplomive collapes of WD ints retnbing, cooling IS
“Wentura =t al. 1GEZ HMature, 201, 191 s =T DISKH IS accretion from low oizase bioacy companion
Dimnowatbyi- ebal. 1982 Ap & S5, &3, LY M= TUISK  Meubron rich elements bo M3 surface with quake, updergo fmicn
Bimoovabyi- =t al. 198l SovAsbkoon, 28, 22 s DISE Therovooucl=nr = plomion beosnth S mukncs
Ellimen =t 2l 10EZ AL, 17E 102 2] HALO S corequabe 4+ uneven henting yisld SGR pulsskicos
Harn=ury =& al. 1CET Alea 12E 250 o= DS B flald commiom matbar oo S =p allowiog fumicn
Booa——ola =t al. 1GEL Alra 130 Eg s DISKH IS murface ouc explomion caum=s moiall mcals B recoooection
Mlichel 1888 ApT, 2O, 721 s DISK Remonnt dimk ionization iostability causss mudden accrekion
Lizog 108l ApI, 2EI LDL M= DIEK  Rescoaot EM abmorp duriog magoshic Sare gives bok myoc ==
Lizog =t al. 1081 Mabuce, 310, 121 = DIEK NS magoetic Selde gt bwisbed, reccmbios, create Sace
Mlitrefancy 10EL  Ap I £F, 105 215 NS DISK IS magnstcaphars sccibed by mmrquals
Epmb=io 1GES Apl, M1, EZT s DISKH Accretion iomtability between IS aod dislk
Schlovakii ebal. 1888 MHRAS, 717, 545 s HALD Old N5 in Galackic halo uodsrgoss sbnrgunbe
Twyrgan 198l Ap & S5, 108, 190 M5 DISK  Weak B fleld M3 mpherically accreben, Compbonizes X-ram
Umow 10EL  Ap L S 100, 101 M DIEH NS Sacem cemult of magoshic coovechive cecillabion iowtability
Harneury =t al. 108K ApT, 202 k6 2] DISK  High Landau =m baared along O lines in cold akom oE S
Rappaport et al. 1G85 Mature, 214, 247 ha ] DISK NS 4 low czem wbellar companion gives GRE 4 optimal Aamh
Treowioe =k al 1888 ApT, 301, 155 s COM DK IS hidem dimruph comet, debrim hite IS pext poass
Mumlicnces =t ol 1088 Ap L EE, 100, ¥ M= HALD Radially cecillating ME
Sturcecl: 10ES  Mature, 271, 17 2] DISK  Flare in the sago=tcaphars of MS acc=lernt=n =n along O-fald
Facyomki 1GES ApT, 308 LT S cos Commc GREm: rel =- =4 opt thi plamca cutflow indicabsd
Bimnowatyi- =t 2l 10Es Sov Amkron, 20, S8 o= DISK Chnin fmico cfwmuperhazyy ouclai balow TS murface duriog STT
Alcock =bal 1gEs  PRL, 57, 2088 =3 53 DISK  SH =jectm wbrange mat lump crab=re rotating 8% companicn
“ahin =k al. IGEE  ALS, MY, 85 =T TUISK  Magnetically active mbellnr sywbem gives sbellar fians
Dabul <k al. 108 ApD, 3ie, LD o= cos GRE remult of coergy celmnmed Eoom cump of comouic wheiog
Livic =t al. 10E7 Maturs 377, I0E o= COM DS Oart cloud arcupnd TS can =xplain moft gaois-repestam
BcHrm=o =t al. 1GEE  Mature, 237, 221 Gal. AGH COS G-wzve blgrd mabes BL Lac wiggle acroms galaxy leom caumkic
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Program ID; P45 Target: GRB120422A
Pl name: P. Jakobsson RA(J2000): 09:07:38.400
Finding chart size: 7.0'x7.0' Dec(J2000): +14:01:07.60
Chart wavelength: ALFOSC '
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