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Physics 129 Nuclear and Particle Astrophysics: Final Exam Winter 2014
8-11 am Tuesday March 18 — Open Book and Notes — Attach Extra Pages If Needed

ANSWERS

PRINT YOUR NAME:

1. (a) Draw the Feynman diagram for the process photon - photon — et ¢~
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{(b) Give an estimate of the cross section for this process at center of mass energy Eo, and

briefly explain the basis for your estimate. T . z
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(c) What is the minimum value of E,,, for this process to occur? If one of the photons
has energy 1 €V, what is the minimum energy of the other photon?
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(d) Explain briefly how this process can be used to measure the light emitted at various
wavelengths by all the galaxies in the lifetime of the universe. 1 (o
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2. (a) Suppose that neutrons of energy 10! eV are pr oduced in a distant galaxy. Calculate

10ugh1y how far away this galaxy could be, if the neutrons are to reach earth?
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(b) Suppose that protons of energy 10?* eV are produced in a distant galaxy. Calculate

roughly how far away this galaxy could be, if the protons are to reach earth?
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3. (a) Calculate how many neutrinos are emitted per second by the sun, and briefly explain
2
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{b) What fraction of these neutrinos reach earth as electron-type neutrinos, and what
happens to the rest of them? Explain briefly the evidence that supports this.
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4. (a) What is the “WIMP miracle” and how is it related to “freezeout”?

,\/J!i\m;\ Al ‘%‘ﬁwy)m,‘m M A E/;, Lita | § €45 A -t .?{ L"t [\'\J
™ Wip ) e cband anee f] Wit e J I/‘o t,?{’ai {ec A:j‘;ﬁ“md”m
cnn by [ Aen  WES oo Rooger 66L {ainced Pb P:D ' &ci%&iﬂ
As lowg @ e W IMPs Gk Aok 2o GL e .“"““’”\i:pw

f: 14}
[ A » e f%al""-l [ AT CFUV‘
.w‘ &QVLL\(_“,(LMC,J? o :U be . *‘:‘3 WAL t:, fa I _..3

WiMP  wtawn "{*}(“@"\ (Jamh\ - " ” 5
- Vo /T boohen he
< ’ e 0 s »\&i{ ¢\ whls (c vzeda' g C/H , ’{’(Ae__a;,
i .;;'_:30{_ LA R, ks

)\w\{zt(’ i G/‘?

r ; ' Lo £ Le et 1g B ‘ '5%5 eV
o 4 Voo amm;tﬁatm‘Lﬂg e 2%fecia )
recge oWt o r 3

R i X o
,%5 3 79: b{i: ol e Ve ’ljpf(&\ So\dag,fcjw\ netele evess e e WP
e Lé e 3Vt

6 l.‘re__f G @LULMCL&LAC_Q__ Qv\,\ QPF(U%{%Q%LL‘? -@4{;}\4}\ ';‘G O.Q';“«‘fﬂ\i‘c:ff")m .
Tioge 5 kana g e WP mpvsele

(b) Summarize the evidence that a WIMP of about 35 GeV has been detected indirectly.
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5. (a} There are no known mesons of strangeness greater than -1, but there are baryons
with strangeness -2 and -3. Give a simple explanation for this and identify the lightest of

these mesons and baryons. U i meorr
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(b) Draw the Feynman diagrams for the decay of a neutron and of a baryon of strangeness
-1, and explain why the lifetime of the neutron is so much greater. N

d 4
e W \9
Newon § PE——— .
A - - |
V = T T : ey Bt
"T:M o~ g: @) W ko @ e l e \/ ) (-//\ ,\A)tﬁzi-q e é‘-ﬁo Q \,!-)} L

(D~ 100 M |
(F’:)\?gltf,:{uﬁ 3

N> P41 _Vs

A({a( +ie /\ 7S hesore Lananghe A€
Wb Q- 100 MeV,

&Lﬁ&fn
T, (09
The LIt /?M-PCJ_ /D//\ /(’ﬂ (o
~t IO
e

6. Consider two particles of charge +e and mass m. For what value of m is the magnitude
of the electric force equal to that of the gravitational force? Compare this value of m to

the Planck mass, and discuss the implications.
7. 2 ' { - ¢
< = am iy G et VT e

Elchere Toree = ey '

{,(C(’f" < C*+ 't ’_L“ . J—-—- F . .Mp_(

O RhC S = G

= M= 0 2T T 5w ) i3 14 T
~ 0,1 Mpe

9 ” e d
im_p{('t:a’h"m,.g: ’(l‘”“ ey leﬁl Wags pe epnsagy Ha &Y e AN e
6, v Ala  efe dvowce (. /ﬁﬁ « sSngge 4
'%}"l(:,{'? NL;(‘._.(’ g C(./M»-\.%J‘ i g he - > ’iz {‘m
Hoak GreA 4—5 vaighd ren (3 it At Atle Aorees




7. Explain briefly how the GPS system works, and describe the role of relativity.
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. 8. The blue hydrogen Balmer line has a wavelength of 435 nm. In the spectrum of a
certain galaxy that line has an observed wavelength of 455 nm. (a) What is the redshift

of that galaxy?
S Hss »%35’“ R W YIS

% = T ; (-vf - L‘fg; JE U
(b) With what speed is it moving away from us? . f SR PN /. g) ( 0,944 )
= - b
Ua cp e Aew T, 8 K10 /s
= [
— .

o lewys /Mfu} L\%fl'
Ly

?S OK/)

d -
(c) What is its app10x1mate distance, in light years? \J = Ho. (,}
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9. (a) The average matter density of the universe is Q,, = 0.31 in units of critical density.
What is the mass of a sphcre of radius equal to that of the visible Milky Way, about 50,000

light years? 4 "
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(b) The rotational velocity of stars around the center of the Milky Way is about 220 km/s.
Assuming that the mass is spherically distributed, estimate the total mass of the Milky
Way out to a radius of 50,000 light years. By comparing it with the mass calculated in
part (a), estimate the “over density” of this inner, visible part of the Milky Way.
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10. The total mass of the Milky Way, mostly in the form of dark matter, is about 102 M.
(a) Suppose that the Milky Way’s dark matter halo has a radius such that the average
density is 200 times the average density of the universe. What 15 thls radius?
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(b} The fraction of ordinary matter compared to total matter in the universe is Oy /Oy, =
0.044/0.31 = 0.14. The total mass of the stars in the Milky Way is about 7 x 10'M,. By
comparing this to the total amount of ordinary matter in a mass of cosmic matter equal
to the mass of the Milky Way, determine the fraction of ordinary matter that has become

stars in the Milky Way. |y \ "
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11. In the later stages of evolution of a massive star, it will begin fusing carbon nuclei
to form, for example, magnesium: $2C + {*C —3%! 2Mg + 4. The mass of }2C is 12 u
(exactly) and that of $92Mg is 23.985042 u, where the atomic mass unit u = 1.660 x 10~ %7
kg. {a) How much energy in MeV is released in this reaction.
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3.43 MeV

(b) How much kinetic energy must each carbon nucleus have {assumed equal) in a head-on
collision if they are to just touch so that the strong interaction can lead to this fusion
reaction? Assume that the radius of a nucleus of atomic number A is given by R =
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(c) What temperature (in K) does this kinetic energy correspond to?
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12, (a) What ig the missing particle in the reaction p + 7 — n + ut
Muon ot —ne v Mo yﬂ
(b) How many fundamental fermions are there in a water molecule?
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13. What is the maximum kinetic energy of the electron in the decay p= — e™ + vy + 77
(The mass of the electron is 0.511 MeV/c* and that of the muon is 106 MeV/c?. Hint:
in what direction do the two neutrinos move in order that the electron has the maximum

possible kinetic energy?) | Pu,,.
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14. (a) The galaxy cluster A496 has a recession velocity of 9885 kmn/s. What is its distance,

as a function of hzg7 ' _
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(b) The X-ray luminosity and temperature of A496 imply that a total mass within 0.7k
Mpc of the cluster center is about 1.7 x 104, and the total gas mass within this same
radius is 1.4 x 10" M. The mass of all the stars in the cluster is less than 10% that of the
gas. Assuming from Big Bang nucleosynthesis that £ = 0.044 and that the gas in A496
is a fair sample of the universal baryon density, determine £2,,. (Applying this method to
a number of clusters was one of the first ways that {0, was reliably determined.)
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15. Ixxplain briefly why the strength of the electric interaction increases as energy increases
while the strength of the strong interaction decreases as energy increases, and briefly
discuss the implications for unification of the coupling constants and for the quark model

of hadrons. X v, PR -3
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