
GlobalProperties(I): Sizes,densitiesandradii
Charge densitiescanobtainedfrom electronscatteringexperiments.
In scatteringexperiments,the measuredcrosssectionis

d�
d


=
d�
d
 point

jF (q)j2

whered�
d
 point is the Rutherford crosssection(Mott crosssectionfor

relativisticelectrons)andF (q) is the formfactor

F (~q) =
Z

d3r � ch(~r )ei~q~r ;

i.e. theFouriertransform of thechargedensity � ch(~r ). For spherically
symmetricchargedensitiesone�nds (q = j~qj)

F (~q) = F (q2) =
4�
q

1Z

0
drr sinqr � ch(r ):

In principle,densitiescanbe obtainedfrom the inverseFouriertrans-
form of the formfactor. In practice,it might be simplerto make an
ansatzfor the density andcompare its form factor to the experiment.
For momentumtransferq ! 0 one�nds from a Taylor expansionof
the exponential

F (q2) � Z
2
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41 �

q2
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hr 2i
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wherehr 2i isthemeansquaredradiusandcannotbeidenti�edwith the
geometricradiusof the chargedistribution.For a density distribution
that is constantup to Rgeo andzerofor largerradiione�nds

hr 2i =
3
5
Rgeo:
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HalonucleiGlobal Properties of Atomic NucleiGlobal Properties of Atomic Nuclei
Nuclear sizes (2 )Nuclear sizes (2 )

Calculated and exper imental densities



Halonuclei

Nuclear radii increaseconsiderablyasoneapproachesthe protonand
neutrondrip lines,respectively.

An experimentalsignaturefor haloisa narrow momentumdistribution
observedin transferreactions.Thenarrow momentumdistributionin-
dicatesa widespatialextensionof the halo. Note that the width of
the momentumdistributiondecreaseswith decreasingproton separa-
tion energySp or neutronseparationenergySn, respectively.



Halonucleus11Li

11Li is a halonucleuswith a two-neutronhalo. Notethat the odd-N
isotope 10Li doesnot exist.

I. Tanihata et al.
Phys. Rev. Lett. 55, 2676 (1985)
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NeutronSkinvs. NeutronHalo

A measurefor the neutronskinis the di�erencebetweenneutronrms
radiusandthe protonrmsradius

� R = hR2
ni 1=2 � hR2

pi
1=2:

Neutronskinsgraduallybuildup asisotopesbecomemore andmore
neutronrich.

Halosare formedwhenthe Fermi energyis closeto the continuum,
i.e. the neutron(proton) separationenergySn (Sp) is closeto zero.
Due to the Coulombbarrier, proton halosare lesspronouncedthan
neutronhalos.In a single-particlepicture,we have

Rhalo
n / S� 1=2

n :

Neutronhalosappear asoneapproachesthe neutrondrip line. They
are clearly correlatedto the neutronseparationenergy.
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Systemof 70 noninteractingfermionsin a square well of radiusRSW

and energy" of the leastboundorbital. The halo developsas the
bindingenergyof the leastboundorbital goesto zero.
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HFB+SkP, J. Dobaczewski et al., Phys. Rev. C 53, 2809 (1996)

Volume (bulk) effect Binding-energy effect
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Global Properties of Atomic NucleiGlobal Properties of Atomic Nuclei
Shape deformationsShape deformations

The question of whether nuclei can rotate became an issue already
in the very early days of nuclear spectroscopy

¥Thibaud, J., Comptes rendus 191, 656 ( 1930)
¥Teller, E., and Wheeler, J. A., Phys. Rev. 53, 778 (1938)
¥Bohr, N., Nature 137, 344 ( 1936)
¥Bohr, N., and Kalckar, F., Mat. Fys. Medd. Dan. Vid. Selsk. 14, no,
10 (1937)

The first evidence for a non-spherical nuclear shape came from
the observation of a quadrupole component in the hyperfine structure
of optical spectra. The analysis showed that the electric quadrupole
moments of the nuclei concerned were more than an order of
magnitude greater than the maximum value that could be attributed to
a single proton and suggested a deformation of the nucleus as a
whole.

¥SchŸler, H., and Schmidt, Th., Z. Physik 94, 457 (1935)
¥Casimir, H. B. G., On the Interaction Between Atomic Nuclei and
Electrons, Prize Essay, TaylorÕs Tweede Genootschap, Haarlem
(1936)



Staticelectricquadrupolemoment

Hyper�ne atomicsplitting(of order10� 7 eV) dueto quadrupolede-
formationof nucleus.Electricpotential

� (~r ) =
2
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Z

d3r 0 � (~r 0)
j~r � ~r 0j

:

Multipoleexpansionvalidif chargedistributionis probedat largedis-
tancesj~r j � j~r 0j:
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(2� + 1)r � +1 Y�� (� ; ' )Q�� ;

with multipolemoments

Q�� =
Z

d3r 0(r 0)� Y�� (� 0; ' 0)� (~r 0):

All momentsQ�� with odd� vanish.Q00 = Z, andthe�rst nontrivial
momentis quadrupolemomentQ2� .

For axiallysymmetricchargedistributions,

Q20 =

vu
u
u
t
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16�

Z

d3r 0(3z02 � r 02)� (~r 0)

fully determinesthequadrupolemoment:In thebody-�xedframeone
hasQ20 = Qz0z0 = � 2Qx0x0 = � 2Qy0y0. Notethat Q20 > 0 for prolate
(cigar shaped)chargedistributionsandQ20 < 0 for oblate(discuslike)
chargedistributions.


