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Key guestions

\

& What Is a supernova remnant and how
does it form?

> Why do we see gamma rays coming from
some supernova remnants?

> How do we detect very high energy
gamma rays?

*> What do gamma rays tell us about cosmic
rays?




Death of a Star; Birth of a
\ Supernova Remnant




What Is a Supernova?

\

5 A supernova iIs a very powerful explosion
of a star

% |t's bright!

after before

170,000 light years
away Sanduleak -69°

202a transforms into
SN 1987a
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Tyoes of SUpernovee

v Stars explode Intwo pasic ways
v Graviiailonal collapse
v Tnermornuclezr explosior)

v Boin types of explosions nave similar
eriergy outours
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rorrn supernoveaeg?

v Massive siars
« Mass > 8« M, (rmass of our Sur))

lear fusion ends, ine ouiward

fine star drops and gravity wins

v Tne core ey form a dense neutron Jrrlr
(Baade & Zwicky, 1934) or if ine sizy
messive, & olack nole
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It nz1s alree J/ she cl outer lz

frorn a nelgynooringy star and
cel mass lirnit (1.4 0 M, ) for
2 nuclear Cha]n rea tlorn

Mass lirmit found oy Cnandraseknar in 1931
supernova type la
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Wrien nuclear fusion ends, tne ¢

v« Outer layers of star collapse

l_

(P

s

LI

LH

« Core cormnpresses and 1
v« Core repournds

v« Outer layers are plown into space
v« Core fransforrms to a rieutron star

Animation from NASA Imagine the Universe
http://imagine.gsfc.nasa.gov



An expanding olastwayve

Thne
20los

cy¥.weave frorn ine
lon expands rapidly 1

Luw

Cormpact gore

eveniually slows and
dissipeaies, ~ 1000 yrs

1 1

LO rillion miles/nour (3% speed of lignt)
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SN LY87A 20 yrs Crao Nepula 953 yrs
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Cosrnic ra/s ere ererc
frorn all direciions in space

They iravel i close to ine speed of ligni

They nave nundreds and 'Lr.'ru Usands tirnes rmore
eriergy tnar we can glve irermn in laporaiories

Sorewrnere petween tne stars, wnere elermernis

forrn, and nere sorneining drarnatic 1s nappening



Thne leading candidaie
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v Supernova explosions release ine
arnoLnt of energy to explain o
COSIMIC rays

e el

v Supernova rermnanis grovide ine

environment favored oy tneoreiical rmodels
for acceleration to very nigr energies, &
SIrong snock

bl



effects, rlml Jolve 2 differenial equation..



rlollywood versiorn

From *Sirange Case of ine Cosric Rays”, 1957



Trne pottorn line
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| Fsirong ragnetic flelds inci
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v Energles and numoers of cosmic rays
|

[e1ys producec l O/ COsMIC rf‘/S el e



FlOW 1O rnewe Jearrnrma reys
~rorn Protors

Acceleraied protons (p) Interact witn rmatier
v D matter — 11 -k otfer Siuff
v Ty — \ -+ Y
v Plon decays to darmma rays



Cornnection to garnrma rays

[nere are otner places tharn Supernovae

trizi shocks occur, anc the garnrme rey

We need to searcn for garnrna rays to
Lnderstanc I osmic rays!



Goal: Dgteu eIzl reys corming frorm e yourng
| [C sUpernovel rermriant

Quest]on: Are the garnma rays w = see 2l
secondary | ororllm of cosrric rays?
T Ire the Jarnrme ray specirurm (divide

05 D
'ﬂ Uw

St Mezsure tne
e rays up oy energy and c oumr)
ormpere tne measired specirurr to rmode)
oredmuom Wricr flts petier?

Warning: 9/10 tirmes tne result Is inat you need
rmore cata at a different rgt
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Particle Snowers In tne
Atrnosoriere



The garnmea rs
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Ctrurm

Very
High

Energy

1025
TeV

q)

Ultra High
Energy

Uncdetected




A proolern for asironorny

Garnrma rays are apsorped py ine atrmosprere
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« Solutlon Il:inis Is not 2 proglerm; |

« Bulld Insirurments on tne grmmrl tnzi collect

' s

tne apsorptlon py-products



Very rigrn energy garrnrs
Ir tre at moJohere

Atrnosphere
v« ADsorpilorn processes

v Pzlr productior .
g
v Eleciron bremssiraniung e et
v Produce Y l
« Eleciron s //f “
—|2Cl S
., — \
v Positrons l/l
v Photons S \ \
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Cerenrov ligni

Y

Elecirons in tne cascede

are very relativistic, /94@‘

travelirig at nezarly speed 3 l
PRV 2 /‘14

of light £ \4
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nower

A2 11l
Flrst interacion

At 5l
Pezal of snower

The snower Is over In
W

| few nanoseconds
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Cerenkov camera



Cerenkoy

Irnaging Atrnosopneric
Telescopes

« We can't collect and focus garnrmel relys

cirectly

v Trie atrmospriere converis very rigr
SMergy Yarnine rays Inio z large ool of
Cerenkoyv lignt on ine ground

v« Collect and focus using a large rmirror

v Tare pictures (at nignt) using 2 very fast
Cerenrov carmera



Anmage frorm VERITAS

10 ns exposure of ar)
alr shower

. X One of ine VERITAS ielescopes at
3.5 degrees Fred Lawrence Whipple Observeaiory

Compare with size ir Arizonz
of the moon



Carnrea-ray ogservailons of
supernovel rermnernits

v« Ground-pased ielescopes deieciaed 3 snell
rernnearis pefore 2004
v Cassiopela A1 250 nrs of exposure = very
fairil
« SN 1008 : Not confirrnec witn later
opservailons
v RAJL713E.7-5946

Particle acceleration to ~1 TeV occurs in portions of some
supernova rermnant shells, out ar e£ e/ ele ctrons or nuclei?



Our galeuey, ine Miliky Way

Fadio opservailons tell us there are a couple hundred supernova
rernnarnis in our Galaxy. ctic plane
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Milagro HE.S.S.

Supernova shell remnants with detected gamma rays



SEINIMERENAS

RV N WA s

v Jmag@s fr) arle .oy H]gh
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v GerJeraLJ siruciyre
maicnes A-rays

v contour lines are fi

ASCA S-ray ielesco



Protons or electrons?

Eneryy specirurn for RAJL71LS
Proton models

ro~|OO Fe\/
« Origin incornclusive

« Protorn and electrorn
rnoclels rmeke

predictions tnai ft o _
High Energyyray  VHE y ray

dcl[cl wWithin errors
IRCEreasing Eneng

/

Electron
model

IRNCEEASING ROWET
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ervartlons

Reaceri 00s

/

2 snell rernnants Imaged with speciacular resulis
Pooular Norinern remneariis rniow peing opserved

0y new sensiilve ielescopes

Continued rmapolng of ine dalacic plane In

orogress

e deiecilons wrere garnrma rays are frorr

tne core and not the snell of the rermnant

w
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SUrrirnary

B

supernova explosions are the most powerful evenis that
occur in our G rllrm/

Blast wave exparnds over nurndreds of years and rnzy
orovide ine prirnzry clccelere \tion for cosrnic-ray nuclel
Cround-pased JEUNIEL rewy telescopes can image
Cerenrov lignt to maye detailed r naps and energy
reasurerneants of supernova rermnants

Garnrme-ray opservaions indicaie ¢ rrrrJtIe' are
accalerated o ‘—\f]‘—\rJJ‘—\_, close o a o\/
\/\/mr fl orrrrlrlaﬂ JH need definite ¢ JrDJf
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De tectlons O'f clifferent snell rernneants ancd fuiy
energy ooservailons will nelg



