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Nachkl ro- und Teilchenphysik WS2010/11 15.4.2011

Name: Matr. Nr.:

Bitte die prignante Antworten und achten Sie bitte etwas auf Schriftbild und Form!

Antwort rfolgen. Die Punktezahl der Aufgaben ist variabel und jeweils angegeben.

Please do not open the stitching! We are kindly asking for short, concise and readable answers! The grade points are variable and
indicated for each question.

1) [3P] As early as in the 1930’s the so-called east-west effect indicated that the majority of
Cosmic Rays is of positive charge. What is causing the east-west effect and what is its
observational signature?  wega i vm (
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2) [4P] The energy of cosmic neutrinos points directly to their astrophysical origin.
Wherefrom originate the majority of neutrinos in the following energy regimes?
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b) 10°...10" eV (GeV neutrinos):  paloctc oupe positres; {,
c)10°... 10°eV (keV neutrinos):  nolan W basatiiny W

d) 10° ... 10 eV (ueV neutrinos): 65.7 61@7, hasrisy Y
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3) [3P] UHECR interactions with the Cosmic Microwave Background give reason to predict
suppression of the Cosmic Ray primary spectrum. At what threshold energy we are
expecting the so-called GZK-cutoff and, accordingly, how far can we study the Universe by
observing UHECRs?
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4) [3P] Characterize the elemental abundance of the primary Cosmic Ray component:

/
(a) Which Cosmic Ray primé%ies are théf most abundant ones? Name the top three!
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(b) What is causing differences in the elemental abundance of Cosmic Rays compared to the
elemental abundance in the solar system?
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5) [2P] Which detection technique is used for observing GeV-scale gamma-rays? What
constitutes the main background for observing high-energy gamma-rays?
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6) [3P]
Derive the formula of the nonrelativistic cyclotron frequency oc?

™

Explain in 3 sentences how a cyclotron works? _
S Bt s B, Tl s ik, Pirent st
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Why is a cyclotron limited in the energy it can achieve for a particle?
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2 7) [3P] A proton beam is directed on a fixed hydrogen target. Derive the threshold
kinetic energy of the incident proton beam for the additional production of a K'K™ pair
by using the concept of invariant mass:p+p—>p+p+ K'+ K
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32 8) [3P] Given the charges and the 4-momenta of the following particles, identify them
(all numbers in natural units of GeV, measurement errors included; El 2 5
Mee = 494 MeV/c? , my: = 140 MeV/c? my = 135 MeV/c?): il ™ <Py P

charge E pX py pz particle
+1 1.930 1.308 -1.176 0.620 g¥  JF| G T 1l
-1 3.685 3.231 -1.374 1111 - V| 132,91 [tV
r0\ 0.783 0.505 -0.498 0.333 ¥ 29, 19 7V
0 1.081 0.730 -0.733 0.312 Y 32 62
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Two of the particles in the table are the decay products of @_11_:0. First calculate the 4-
momentum vector of the 7° and then its mass.
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9) [3P] Shortly explain the 3 different experimental methods used for measuring the
lifetimes of the following particles:
a) for the A resonances
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b) for the decay of B mesons (with a lifetime of the order of 10™%%s)

c) for muon decay
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10) [3P]
Draw the Feynman diagram for myon decay.
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Write down the general formula for the differential decay rate dI of an unstable
elementary particle and explain what the different terms mean.
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11) [4P] Stellar mass loss: P
a) [1P] What does the equation M =4z r* p(r) v(r) means, when does it apply

(only) and what is the consequence for large radii when v(r) has reached v, ?
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b) [3P] the momentum equation V@+_1_d_p+(?1f. =0defines the stationafy case
dr p(rydr r -

oft the constant wind (dv(r,9)/t = 0 ). Calculate the critical pomt using the

equation of the ideal ga5p=—pz—'1and the isothermal case T = const. , 4 = const.
U

and a= ’E the isothermal sound speed.
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12) [2.5P] Basic stellar parameters:
a) [1P] How big are the typical timescales for the nuclear, the dynamic and the
thermal processes of normal stars (estimated numbers and sorting) ? What is the

consequence for the handling of the basic equations?
. 7 & Tt Mt Dot nod Gl folirase
sy Hakad ‘"‘;”"“"”"‘ Bl Warwsle hhte Foorrr

b)[1.5P] What is the main difference of the early contraction (Hayashi track)
contraction and later (Henyey) contraction during stellar formation / contraction
of the initial cloud / cores? What is the underlying physics of the gas conditions
causing the difference? 92a 0.4, : e~ Falf—Cambrochks | M T
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13) [3.5P] Basic stellar equations:
Describe the equations below. What do they describe? What do the terms

mean/describe? Which “simple” boundary conditions are we able to use? etc.
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(Eqn. 1) Q)Ww% M/&% WM@M

(Ean. 2) j”* fle Sre'pe r7 rw o, Tow Rnlthe

dr
dre © W”,f . W‘a«yvﬁ__ MMM&McM%M
_‘——*—--—_,________\

s me? ol i 04& W—/MV

S wsé..ﬁu_? A L W 1! voululany s i

/
(Eqgn. 4) %Mﬂvw oy M \,oq__iq ol ;ﬁi Z
s R £ 2?7;;;@” . “ Fes

L

(EQn. 7) chebrctto perte.. < obA_ Sln blocpopirl, o Dost] o] Lo L.

(Boundaries): W, @'waw
4

14) [3P] Plasma states and stellar spectra:

N &
What does the Boltzmann equation —*= &a [ ) describe (Y.p are the excitation
b &»

potentials of the levels) ?

Kz kT (2 .
What does the Saha equation N;‘& . Z”‘ (2m;:§ T] e[ JH'")describe (. is the ionization

energy) ?
What are the consequences of the interplay of them and at which stellar class / spectral type

do we see this interplay most prominent (one class / or Tes !) ?
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5) [2P] Sketch and describe the principles of a single CCD detector cell and that of the
readout mechanism. Calculate the limiting wavelength (in um) of an InSb chip if the #
distance of the bands is 0,18 eV (1 eV = 1,602 . 10™ J; h = 6,626 . 10%* J s;
c=2,997.10 ms™?).

4 ,_ - Jbvﬁam

§ WAWML
0” 1€ -7 02 m'fy?‘ Py =
. 43579592

f



http://www.tcpdf.org

