From nuclei to stars
Theoretical course

NPAC 2019-2020

Mid-term exam 15/11/2019

. Nuclei are usually modelled in terms of protons and neutrons. Which other degrees of freedom could be instead
used to describe atomic nuclei, and what would be their limitations?

. What is a hypernucleus? Why is it interesting to study hypernuclei?
. Give an example of

a. A basis of the one-nucleon Hilbert space H; ;
b. A basis of the two-nucleon Hilbert space Hs ;

c. A basis of the two-nucleon Hilbert space Hs that has well-defined (anti)symmetry properties in coordinate,
spin and isospin Hilbert subspaces separately.

- = 1
. Given P, = §% — 1, where S = 3 [0 + &2] is the total-spin operator for a pair of nucleons
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a. Prove that P, = y ;

b. Determine the eigenvalues of P, ;

c. Show that P, is a spin-exchange operator.

. On which experimental data the nucleon-nucleon potential is typically adjusted? Which data can be used to fit
three-nucleon interactions?

. Explain how we can conclude that in the nucleon-nucleon interaction

a. There is a non-negligible spin-orbit component ;

b. There is a non-negligible tensor component.

. Prove the anticommutation relations between fermionic creation and annihilation operators al‘f and a,.

Hint: Evaluate the action of the anticommutators on a generic Slater determinant |af5...).



MD-TERM ExAM - “oluTiong @

i\ Ohe ('OU‘A Cli‘f(’ t‘“y Ly C\UO\.\(L\S
0{‘ *Sruw‘ou., TL\_Q J.‘{\};rd i\? (95‘;4:1-.‘ o
C\fu,f&c“ Pv q‘f' QCD eA’“ {0\‘\, 6\&»3}

%‘\\ﬂ \Q\,\ovca,\/ (‘Pj-wa \{Q(\Q/\/o\,{}‘ \\Q Q\‘O\A«‘C h\/(‘.‘L‘

(Oko\ a‘\lo\as ) & Basi e Aearu\s

‘HQ hol. - 'DP\/“U"!)Q“'*J\!Q

w\\;t\.ﬁ \/\\&L(Q 5 !'l S

@A\(Q\MQ\) c\f\g,\\%w‘a ; \—} :

2) A ppeevdens g wedeus el o of 4l wocleaus
e 5\)\35\\_‘.‘\_\1\\94 W"h’\ s é\‘.(bu_-}} IDQ\()(QV\. T\-—P> o e O\F \n\n“Qr{S"‘
‘ E \ (FOWF\Q_\I\A‘M\‘&'-) ) ‘(\f‘b(wgi Ty

Epf‘OUSQ x\,-ky ('ou\O\ ,P\(()v:’b{ 056'\;‘:5\4"5
ow hUc\Po\,nhuc‘,QQV ( nove - }/Lbc"@! J:»\fyo‘n\ ';)QV>0\A) Wbvecliols
e bmuse of Ylg  pesiible presevw of by pes - muelony

kwkor WA hw"(ov« .{o-(j.

—~ { i 1 ~t 2 '—l.‘—
['q) :PG 5 /\ = a(;. QY 2'6\(;‘\‘ 1
=3 =17
4 1 —v —
S g,cL
2

- (<1 s
M"\ Pe = O hes eJ‘°§-*A~V'~'ws S(S11) =1 - Z ‘f :
+1 ! .
¥ ?;\CSHQ = 1S Moy , '



) 4
L(t) \wwl:»a_ ‘S*Q HS‘\") = {:Z(\ Tl) - ’ LY>) @

I;“|44> - \TT)
| | 1o . ( P 'T$>>
(2
14‘4> - |J-~l\i

O\ has \Ti): ;_(M«:}‘r )ao)>

\2

RRPIEE P,
( ‘ll): [ 4~ 1)
% A/ .
BERRE- H°>-‘°°/>

4= =

o0 tonsd =1 N : \4HS)
Uiy P 1820 teey = = 19 fo | &1 )

o\ {?w\S

P T4 - é(%Jw>~4fg\oo>>

:_?(\49 . \oo>j SRTEN
P

ele

5) NN Eo"\b\,s‘l;g\ g ‘17‘)\'¢&‘\)¢ oé‘!u)\lb(! AW NN S'k‘“f\f:\,} o‘gj‘&
owd V“‘DN\:M "} ‘\'\,—\ é&u“?mu

T\\)\h\\ fu\\%‘\ﬂ‘l\ (o ‘u si\u)‘h\i o\ ?\»\F-W\IZM e)',( A'—?)IL} lm)t’.x_‘

D X 5\!\'3‘.:\,& QAA-P\‘j? e C\'\&’T f&o‘-«‘ug Of 3‘H 11‘1'(Q | L'.HQ
Ov h‘t‘ S"@C“M\a__ o\e\‘*g



A%‘u&é ?3 5 ‘golx”.\.& o ‘\{7\‘ Rr&{{{\,\\a F\M‘SQ S\A:{\\Y \
- J{\J ‘_:1 ‘)“A;J il =€ § (P- \/vewws)_

éq) A Viow = he'ﬁ\"'i ‘.\3\‘2 1\)\‘\p*0(‘o'vJF f‘at\nfo\\Lv\‘L Faa~ &:e @
7

@5) T\ne fm:hu af' LN 5‘1““} \h\iw ‘fO(U\ F o Lo \'\\f‘“f%%\ '°)
('Q\M?&v'\ ‘»& J(‘('(*fvb:* :\>~ Wiy o ‘)\AQLQ S\A"‘f\\\\ 3y &7 (Qwru{:‘\}-
41 L\»oﬁ\,&x}l PSR 61[ JUs dowd eign

7—) (o\»';\,o‘h’ ‘!“; Q.t‘;!i\_ o‘g ga/"C\J \ 2w %‘L—}‘Pv 5!1 ‘!?«uﬂ‘;\ m.‘,‘ sﬁ(‘s >

v

I
‘TO\N Co €S
O)/\‘\Q\a\ Ve ocuur'.e.llg W HP )
5) /, o\..o\ NGO U\ﬁo"w,f-'l Y (9('3.. )
C) /A Of‘(vr.rOQ\ @\/t:} ~J Ul‘,.ar,.b?‘,\_g} R ‘f‘( r& >
\ _ ,
d\ N ULofte u‘!"ia\l A0 J e UP‘.-Ae\ \ ‘o‘(’S )
Neo
N =)
Y fopoatfiag oy s Cha g
z A “f J 7//, (\1 Y &‘ﬂoc\) oc\u,r‘.a.J)

("‘\L‘\Hﬁ SN SN

L
\:.) {Q/’r}d"'j\v(‘g_> : 0/\, | VA

Z O N r J ? w

NF) ‘,E V=






