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Nany4yeHune KpnBKn3HbI (curvature radiation)
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Fig. 19.5 Phase plot, sample lightcurve, and a sketch of the accelerator location for the polar cap
model, for a typical inclination angle o¢ = 10”. The central zoom gives the gap extent relative to the
star size. The dashed lines outline the null surface. The shading in the lightcurve and gap sketch is
the same. The phase plot illustrates the change in lightcurve as seen by different observers and the
aperture of the pulsed beams (from [26])
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3ny4yeHne BbICOKNX 3HEPTUA

N3nyyeHune KpMBU3HBLI

ObpaTHOEe KOMNTOHOBCKOE paccesiHne (pe3oHaHCcKoe r
Hepe30HaHCHOE)

CUHXPOTPOHHOE U3ny4veHne BTOPUYHbIX YacTtuy, (<100 MaB)

High-Energy Particles neutron
Relativistic e*-e” plasma

' > star

thermal:
kT ~ keV
106-107 K
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HabntoaeHunsa

BonbLluMHCTBO Npodunien ramma-nynbLcapos UMeKT ABa Nuka C
pa3Huuen no dgase 0.2-0.5

[MornoxeHne ramma-nmMKoB HE CoBMNagaeT C NOSIOXKEHNEM paano-
NMNKOB

CneKTpbl CTENEHHbIE C 3KCMOHEHUMaNnbHbIM 3aBanom B obnactn 1-6
3B

CunbHOE MarHUTHOE MNosie Ha CBETOBOM LMInMHApe (M Ang mMonoabixX
n oanga MSPs)

bonbluas apdekTMBHOCTL NepeBoga NnoTepb 3HEPrum BpaLleHns B
ramma-unanyderue Ly/(dE/dt) >~ 10 %

OcHoBHad IHEPIrn4d n3JjtydaeTcd MMeHHO B raMmMa-anarna3oHe
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3akiroyeHume

3aBan B cnekTpe B panoHe 9B — cnegoBatensbHO HET NOrNOLWEHUS
n pacnaga ooToHa, T.e. usnyyeHne naet ¢ 6onbLnX BbICOT — U3
BHeLLHen marHuntocepsl (OG, SG)

I/I3nyqu|/|e KPUBU3HbI OT MOCTOAHHO YCKOPAKLWNXCA HaCTul

Hwn oaHa n3 mogenemn He MOXeET OOBACHUTL BCHO (DEMEHOSTOMUIO
nynecapoB ®epmu, xotsd OG n SG nydylle onucbiBatoT
COBOKYMHOCTb AaHHbIX

PC — y3Kui1 KOHYC, BO3MOXXHO 06BbSACHAET HEBONbLLIOE YMCNO
nynscapos (aligned MPs)

3ny4eHune 3a cBETOBbLIM LUITMHOPOM?



[[@anakTnyeckmne OQUCKPETHbIE UCTOYHUKN
raMmma-usny4vyeHus.
IT OcTtaTkn cBepxHOBbIX (SNRS).



BcnbiWKn CBEPXHOBbIX

ObLwune ceBeaeHus:

e 2 OCHOBHbIX TUMa: | — OTCYTCTBYIOT JIMHUMN
Bogopoaa, Il — HabntogaTea nHKMKM Bogopoaa

* boree nogpobHasa knaccndukaymsi — Ha OCHOBE
KPpMBbIX Oriecka U CneKTpoB.

« Pusmyeckaqa knaccmdukauyms: konnanc aapa (M
>~ 8 Mg, Ib/c, Il), TepmoaaepHbIN B3PbLIB
benoro kapnuka (1a)



CBepxHOBbIe — CMEKTPbI U KpMBble bnecka
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Figure 1 Spectra of 5Ne, showing early-time distinchons between the four major types and
subtvpes. The parent galaxes and theirredshufits (klometers per second) are as follows: SN 1987TH
(NGC To06; 2171}, SH 1987A (LMC; 2913, SN 1987M (MGC 2715; 1339), and SN 19841 (NGC
991; 1532). In this review, the vanables f and r represent time after observed B-band mascimnm
and time after core collapse, respectively. The ordinate umts are eszentizlly “AB magmitudes” as
defined by Oke & Gunn (1983},
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i

Figure 3 Schematic light cwrves for SMe of Tvpes Ia, Ib, I-L, II-P, and 5M 1987A. The curve
for SMe Ib meludes SMe Ie as well, and represents an average. For SMe II-L, SMe 1979C and
1980KE are used, but these mmpght be unusually hmmnous. From Wheeler 1990; reproduced with
PermIsSIoNn.
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SN I, Ib/c - konnanc agpa

Konnanc xenesHoro sigpa
(boToagmccounaymsa+HenTpoHn3aums)

[MpakTnyeckn MrHoBeHHoOE
9HeproBblaenernune E ~10°1 spr B
o6beme R ~10'4 cm (npu aTom eLue 3-
5x10°3 3pr yHOCUTCA HEUTPUHO)

OHeprmsa nepexoanT B KUH. K
TENNOBYIO 3HEPIUIO PaACLUNPSAIOLLENCS
ob6onoykn V ~3000-30000 km/c.
HarpeB 1 yckopeHne 060nouku
yOapHOW BOMHOMW.

CTOYHUK 3HEpPIrn cBEYEHNS
obonouku (3Be3aa ysennymeaeT bneck
Ha 9-10 nopsagkos) ana CH tuna Il —
pekombunHauus sogopoaa (~1047 apr) u
pagvoakTUBHLIN pacnag

56Ni(Z=28)->56C0(Z=27)->56Fe(Z=26)

MaCCMBHOW 3Be30bl

Fed Supergiant
Supe rnota
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=3 Neut ron “!1' -
Eecuchng Star —




IloTeps ycroliumBocTm!

p~3x10° [r/em?] T ~8 x 10K (~ 0.7 [MsB])

doToaucconnalngd

v 458 Fe — 137He + 4n

HeiliTponnzaiusa

DJIeKTPOHLI cTaHOBATCA BhIpozieHubiMu (p > 10° r/cv?). Hauunas ¢ nekoropoii mo-
POr'OBOIi SHEPIUK €p CTAHOBATCH BO3MOZKHBI HPOIECCHl HETPOHU3aIlUN:

SHe+e¢~ — *H +v,, ep = 18M>B (24)
‘He+e  — ‘H+n+wv, ep=20MsB (25)
BLe+e” — Mn+uv,, ep=4MsB (26)
< FE, >~< E,- >~ ¢€p =~ 51.6(}’;,912)1’/31\-’19]3., Ye = ne/mp (27)

Y. ymenninaetcst n ymenbiaetcst ahdeKTBHLII TokazaTenn ajuabarst v = d log P/dlog p
c5/3 no 4/3.



wy l"’ 3 .
PajnoaktusHsblii pactnag “*Ni
L(t)ni =~ 108 (My; /01M) exp(—t/7n;) [opr/c] Tai = 7.6x10° |c|(~~ 8.8|mmeii|)

TMaJgee pajunoaxtusiblii pactiaji *°Co ¢ 7 ~ 100 ueii.

[Tonnwrii 3amnac SHEPIHUN B Pa/JMOaKTHUBHOM paclla/l€ IOPHA/IKa 00JILITIE QHEPTHH DE-
KOMOHI IaITIH.

[Monnas w3/ydeHtass SHEPrusi COCTABJIACT MPOIEHTHI OT SHEPIUH B3pbIBa, (T.e. ~
1049 spr).



SN la

« benbit kapnuk (O-C) M~Mg,,
RNREarth

» AKKpeuus B 4BOMHON CUCTEME UMK
cnuaHue asyx WDs

« M>M,(=1.4Mg,,) — NoTeps
YCTONYMBOCTU, TEPMOSALEPHbLIN

B3pbIB

u“uemply

02

Redshift (z)

Figure 3

The Hubble diagram of Type Ia supernovae (SNe Ia), which correlates distance modulus () versus redshifc
(2). The Union2 compilation (69) represents the currently largest SNe Ia sample. The linear expansion in
the local universe can be traced out to = = 0.1. The Tubble constant sets the absolute level of the dara, but it
is irrelevant for the determination of @4, which is a relative measurement (bottorm panel). The distance
relative to an empty universe model (p cmpty; QM = Q24 = 0)is shown at bottom, where the data are binned
for clarity. The blue curve shows the best-fit ACDM (cold dark matter) model (€27 = 0.3; 24 = 0.7).
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SN la 2014J B M82 (d = 3.5 Mni)

21 anBapa 2014 r. (Stephen J.
Fossey n ero ctygeHTbl - 0.35 M
Terieckor, yHnsepcuteT JIoHOOHCKON
obBepBaToOpun)

Ha cerogna 17,628
observations for SN 2014J
from 227 observersl!!!

Uepes ~50 gHen ramma—
cnekTpomeTpom SP| obcepBaTopum
NHTEI'PAI 3apernctpupoBaHa
nnHuns 847 kaB (pacnag *6Co)
(BnepBbie B nctopun!)

My ~0.7 M

Sun



OcTaTKn CBEPXHOBbIX

Heckonbko M
E ~10° 3pr
PaclimnpsieTca co CBEPX3BYKOBOW CKOPOCTbIO

YaapHble BOMHbl B3aMMOLENCTBYHOT C OKOJS103BE34HOMN U
MeX3Be3aHOW cpeaoun

3amenneHue B Te4eHU OeCATKOB ThICAY NneT

Sun

KaTtanor 'anaktnyecknx octatkoB cBepxHoBbiX ~200 SNRs.
oeHTndunumpyroTca no pagnonsnyyeHuto



SN 1987A
* ,D,Be YAOapHble BOJIHbl — BHELLWHAA U

O6paTHaFI (pa30rpeBaeT ras HST/WFPC2 May 1995 HST/WFPC2 Nov 2000
ocTaTtka) 2

Cragum:

« CBobogHbI pasneT R(t) ~ t.
3akaHuymBaeTca npu «crpebaHnmy
Macchbl, NPMMEPHO paBHOM Macce
pacwupsaoLwencs obonoykn (~100
net, 2 knk) SN 1987A

« ApnabaTtunyeckoe paclumpeHme —
paguaunoHHOE NoTEPU HEe BIUSAIOT
Ha OWHAMWUKY, KUH. QHEpPrus
pacxoayeTcsl Ha Harpes rasa
dpOHTOM cunbHoM YB 1 Ha 1/5
yckopeHue crpebaemoro R(t) ~ 0.31 (Em) | +2/5 11K
MEX3BEe3QHOro rasa. )= n ‘years

T nagaeT, CTAHOBATCHA Ba)XHbIMU
npouecchbl pagnaTMBHOIO
oxnaxgeHua. Ctagus
cHeroouucTtutensa (“snow-plow”)
T<6x10° K. YB crpebaet ras u
nepegaeTt emMy CBOU UMMynbLC
R ~t2/7

Star

New Collision Spots 1 -11

i /E




OcTaTKn CBEPXHOBbIX

NcTouHukm [Manaktnyeckmx kocmmyeckmnx nyden (I'KI):
« ~1050 3pr B 3Hepruun npoToHoB KJ1

* HaknoH cteneHun 2.0.-2.3

« Makc. aHeprus ~1aB (10%° aB)

JTabopaTopun ans nccnenoeaHns anddy3HOro yCKOPEHUS B CUIbHbIX
yOapHbIX BOJTHAX:

* YcuneHne mMarHMTHOro nons
* MakcumarbHO BO3MOXHbIE QHEPTUN?



[1pouecchbl n3nyyeHuns

CUWHXPOTPOHHOE — Paano U
PEHTFEHOBCKNUN Anana3oH

ObpaTHOe KOMNTOHOBCKOE paccesHune (Ha
CMB)

TopmMo3Hoe n3snyyeHue
Pacnag n°



NcTopuyeckne OCH (SNRS)

% Tycho’s SNR % Cassiopeia A
e SN 1572 e SN ~1680

e SN type: la e SN type: llIb

e distance: ~3 kpc e distance: ~3.4 kpc

e radius: ~3.7 pc e radius: ~2.5 pc

X-ray Images
(Chandra)

Most parameters are reasonably well known.
-> largely help us interpret gamma-ray results.




Tycho SNR: cnHXpoTpoHHOE nanydeHmne n MI1

Warren+05

Chandra

shock heated
ejecta

svnchrotron X-ravs

X-ray/radio radial profile

Synchrotron Losses Limited Rim

] B.=0.2 mG (shock

downstream)
radio ' i
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X-ray (syn)

Cassam-Chenai+07

B2 =0.1-0.2 mG is inferred from the width of X-ray filaments




