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Indirekter Nachweis der
b Beschleunigung von Hadronen
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SRRl  Beispiel: Gamma-Strahlung SN 1006

(Neutrinos waren eindeutiger!)
HIGH ENERGY STEREOSCOPIC SYSTEM TELESCOP IN NAMIB!A .
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Abstande

halo

Sun Galactic

/ Center

¢ ' disk
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300 pc - >
< —> 15 kpc
2-4 kpc 8.5 kpc

Magnetfeld nicht gut bekannt,
B =3 uG =30 nT in der Nahe der Sonne

Parsec: | pc =3.26ly =3.08 108 cm

Astronomische Einheit: |AU = 1.496 103 cm

Lichtjahr: | ly = 0.3066 pc _
Radius der Sonne: 6.961 100 cm (I erg =0.1 W)
Masse der Sonne: 1.989 1033 g

Luminositat der Sonne: 3.846 1033 erg/s



Typische Entfernungen & Luminositat

NB: | pc = 3.26 ly

Sonne 4.5 106 pc
Alpha Centauri .33 pc
Galaktisches Zentrum 8.5 kpc
Magellansche Wolken 48.7 kpc
Centaurus A (am Sudhimmel) 3.8 Mpc
M87 (am Nordhimmel) 16.4 Mpc

Entfernteste Galaxie UDFy-38135539
z =8.55

dlight travel time = 3.2 Gl)’

dcomoving disance = 30.3 Gl)’

Rotverschiebung

0.004 16 Mpc
0.0l 40 Mpc
0.05 200 Mpc
0.I 415 Mpc
| 4,750 Mpc
4 22,000 Mpc

8.55 98,778 Mpc



Distanzen im Universum

Moving outward through the VISUAL ANALOGY FIGURE

universe at the speed of light, 1.2 Thinking about the
going around Earth is like a time it takes for light to
Earth’s circumference SO g, travel between objects
1/7 second helps us to better
comprehend the vast
distances in the universe.

Moon ) ...the Moon is a little more}

1.25 seconds

Times shown are
light-travel times.
. 8.3 minutes

Because of the vast distances in the
universe, we’re not showing objects
to scale here: they’d be much too small!

than a second away,...

...the Sun’s distance
is like a quick meal,...

Neptune '
. s ...and the diameter of the
Sun . Solar System, based on the
‘ ‘ orbit of the most distant planet,

Neptune, is a night’s sleep.

8.3 hours
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4.2 years Proxima Centauri,

the closest star
to our Sun

Earth’s Sun

%
., ,f Milky Way Galaxy

100,000 years

_ 2.5 million years
Milky Way Andromeda

Galaxy Galaxy

13.7 billion years
.1'\.“‘“‘."..’,;-:

Radius of the observable universe

Comparing the size of the universe to the size of Earth is like comparing
three times the age of the planet to a snap of your fingers.

The distance to the nearest
star is like the time you
spend in high school,...

...the diameter of the
galaxy is like the age
of our species,...

...and the distance between
galaxies is like the time since
earliest human ancestors
walked on Earth.

The size of the universe is like
three times the age of Earth.
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Number of large galaxies within 5 million light years = 3 5agDIG

Number of dwarf galaxies within 5 million light years = 46
Number of stars within 5 million light years = 700 billion
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Number of galaxy groups within 100 million light years = 200
Number of large galaxies within 100 million light years = 2500
Number of dwarf galaxies within 100 million light years = 50 000
Number of stars within 100 million light years = 200 trillion




e
Benachbgrte Supercluster

£ lf ...‘- t
-~ : ' - ’ Corona-Borealis
Capricornus : . 100 million Iy Superclustel]

- ..u lusters~¢ 4 £ ~ oupercluste

pr-‘[l : ; N, -
¥ . g :

' ' Hercules @ 294 ] o
,’Q Ny g - < v S I_Jpr_’-_e[[:ll_l:ﬁ:terg ‘ 3 Bootes
H d| b o ! A.upr—'n |I1 |’r—‘[

’ - ’ ; ‘. ’-‘ Jliq ‘
v Pavoslndus® o e . "% 1d | %
. .upﬂsrwr . & 4 ; | .

,,:.,:fg.,'.- ' e ”&& " Ir-‘ntjuru ! :

q o Superclus |,
A : ‘, i ' % [[=hagley
"B S pulptor ‘ v - .-; ro o | eISupercluster
Juperclusters 3 : el |

. %
“' "lrl o l-‘-'r“:l‘
$ ¥ A [

3 i 3 ' -l ’ 4y [ : - -‘ :' " : = Iup'_‘“ . ; ~ a2

' s ¥ I P ki 0y mra T ||r j”:ﬂlﬂf
Fl ces-Letuss ‘ : ‘f * : v 'Y | ﬁ,‘ Supercluster?
. : T Perseus-Pis SCEs ‘ " A

Suporchister . f‘;lpwn Tusters

i
Superclusters =y e

- i
sHorolo LM % A
FSuperc luster "-e"',;\. A olumba

%2‘ ’fgc upercluster ‘9’

r R ¥ #i
Number of superclusters within | billion light years = 100
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Number of superclusters in the VISIb|e universe = 10 million

Number of galaxy groups in the visible universe = 25 billion

Number of large galaxies in the visible universe = 350 billion

Number of dwarf galaxies in the visible universe = 7 trillion (d<22000 ly)
Number of stars in the visible universe = 30 billion trillion (3x10??)
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Wirkungsquerschnitt un
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Durchlaufene Materiesaule




Leuchtkraft L

SN1987a

2.2

2.0 1 extraterrestrische spektrale Bestrahlungs-
starke der Sonne

1.8 4 Gesamtflache: 1367 W/m?

Schwarzkérper-Spektrum fur T = 5777 K
Gesamtflache: 1367 W/m?

Spektrale Bestrahlungsstarke, W/(m? nm)

0 500 1000 1500 2000
Wellenlange, nm



Fig. 14.— Luminosity density as a function of redshift produced by the Fermi FSRQs.
gray band represents the 1o statistical uncertainty around the best-fit LF model.
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Bsp: Evolution der Leuchtkraft von Blazern (FSRQs)
Fermi-LAT: 10 keV-100 GeV
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Fig. 15.— Number density of LAT-detected FSRQs as a function of redshift. The gray band
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represents the 1o statistical uncertainty around the best-fit LF model.
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Bsp: Energiefluss des Krebsnebels
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Gamma-Strahlung des Krebsnebels
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Helligkeit, Intensitat | (manchmal B)
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Relativistische Rechnung: Impuls & Eners




Teilchenzoo und Zerfallskanale

particle | main decay mode life-time ¢ /o range cty /o

vy — 00 00
e — o0 o0

p — 00 00

n n—pt+e +1, 886s 2.65 x 1013 cm
e po— e+ U+ vy | i~ 2.20 x 1075 659 m
T T — U+, t1/2 ~ 2.60 X 1078 s 780 cm

0 0 — 2~ t1/o ~ 8.4 X 10717 s 25.1 nm

% — 00 00
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PDG: Physikalische Konstanten

Quantity Symbol, equation Value Uncertainty (ppb)
speed of light in vacuum c 299 792 458 m s~ ! exact™
Planck constant h 6.626 068 96(33)x10734 J s 50
Planck constant, reduced h=h/2n 1.054 571 628(53)x1073% J s 50

= 6.582 118 99(16)x 10722 MeV s 25
electron charge magnitude e 1.602 176 487(40)x 10712 C = 4.803 204 27(12)x 10~ 10 esu 25, 25
conversion constant he 197.326 9631(49) MeV fm 25
conversion constant (hc)? 0.389 379 304(19) GeV? mbarn 50
electron mass Me 0.510 998 910(13) MeV/c? = 9.109 382 15(45)x 103! kg 25, 50
proton mass My 938.272 013(23) MeV/c? = 1.672 621 637(83)x 10727 kg 25, 50

= 1.007 276 466 77(10) u = 1836.152 672 47(80) me 0.10, 0.43
deuteron mass mg 1875.612 793(47) MeV/c? 25
unified atomic mass unit (u) (mass 2C atom)/12 = (1 g)/(N4 mol) 931.494 028(23) MeV /c? = 1.660 538 782(83)x 102" kg 25, 50
permittivity of free space €g = 1/g002 8.854 187 817 ... x10712 F m~! exact
permeability of free space 140 AT x 1077 N A™2 = 12.566 370 614 ... x107" N A~2 exact
fine-structure constant o = €2 /4neghe 7.297 352 5376(50)x 1073 = 1/137.035 999 679(94)T 0.68, 0.68
classical electron radius re = €2 /4megmec? 2.817 940 2894(58)x10~1° m 2.1
(e~ Compton wavelength) /27 Xe = h/mec = e} 3.861 592 6459(53)x10~13 m 1.4
Bohr radius (myycleus = 0°) oo = Amegh? /mee? = rea™? 0.529 177 208 59(36)x1071" m 0.68
wavelength of 1 eV /c particle he/(1 eV) 1.239 841 875(31)x107 % m 25
Rydberg energy heRoo = mee* /2(4meg)2h? = mec?a? /2 13.605 691 93(34) eV 25
Thomson cross section op = 8nr2 /3 0.665 245 8558(27) barn 4.1

23
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PDG: Physikalische Konstanten

Bohr magneton 1B = eh/2me 5.788 381 7555(79)x 10~ MeV T—! 1.4
nuclear magneton pn = eh/2my, 3.152 451 2326(45)x 10714 MeV T—1 1.4
electron cyclotron freq. /field Weya/ B = e/me 1.758 820 150(44)x 10! rad s=1 T—! 25
proton cyclotron freq./field wgycl/B =e/myp 9.578 833 92(24)x107 rad s~ T—1 25
gravitational constant? GnN 6.674 28(67)><10_11 m3 kg~1 g2 1.0 x 10°

= 6.708 81(67)x1073 fic (GeV /c?)~2 1.0 x 10°
standard gravitational accel. N 9.806 65 m s~ 2 exact
Avogadro constant Ny 6.022 141 79(30)x 10?3 mol 1 50
Boltzmann constant k 1.380 6504(24)x 10723 J K1 1700

= 8.617 343(15)x107° eV K1 1700
molar volume, ideal gas at STP N 4k(273.15 K)/(101 325 Pa) 22.413 996(39)x10~3 m? mol 1 1700
Wien displacement law constant b = Apax?’ 2.897 7685(51)x 1073 m K 1700
Stefan-Boltzmann constant o =2kt /60h3c2 5.670 400(40)x1078 W m—2 K4 7000
Fermi coupling constant™* Gr/(he) 1.166 37(1)x107° GeV~2 9000
weak-mixing angle sin? §(My) (VS) 0.231 16(13)T1 5.6 x 10°
W= boson mass myy 80.399(23) GeV/c? 2.9 x 10°
ZY boson mass my 91.1876(21) GeV/c? 2.3 x 10%
strong coupling constant as(my) 0.1184(7) 5.9 x 109

m = 3.141 592 653 589 793 238

e = 2.718 281 828 459 045 235

v = 0.577 215 664 901 532 861

1 in =0.0254 m
1A=01nm

1 barn = 1028 m?

1 dyne=10"°N

1G=10"4T

lerg=10""J 2.997 924 58 x 10° esu=1 C

1 eV =1.602 176 487(40) x 1071 J
1eV/c?> =1.782 661 758(44) x 10730 kg

kT at 300 K = [38.681 685(68)]_1 eV
0 °C=273.15 K
1 atmosphere = 760 Torr = 101 325 Pa
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Naturliche und CGS-Einheiten

Schrodingergleichung:

%) x
h— = HWY
zhat\lf(x,t) (x,t)
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Die natiirliche Einheit einiger physikalischer GroBen in Sl-Einheiten

GroBe geschriebene Einheit tatsachliche Einheit Wert in Sl-Einheiten

Energie | ¢/

. 1
Lange
1 eV
Zeit -
1 eV
Masse | ¢V

Temperatur | o/

26

1,60218- 107194
1,97327-10" " m

6,58212- 10 '%s
1,78266 - 10 kg

1,16044 - 10*K



Wellengleichung:

1 0° = 0% =

Elektrische Arbeit:

W =UIt

Traditionell: CGS-Einheiten (cm, g, s)

lerg=10""J
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