GlobalProperties(l): Sizesdensitieandradi
Chage densitiesan obtainedfrom electronscatteringexgeriments.
In scatteringexperimentsthe measuredrosssections
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Whereg—Iooint Is the Rutherfod crosssection(Mott crosssectionfor

relativisticelectronspndF (q) is the formfacte
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F(e) = o en(r)eT;
i.e. the Fouriertransfom of the chagedensiy .n(r). For spherically
symmetrichagedensitie®ne nds (g = jg)
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In principle,densitiexanbe obtainedrom the inversd~ouriertrans-
form of the formfacta. In practice,it might be simplerto male an
ansatzor the densiy andcompee its form facta to the exgeriment.
For momentuntransferg! 0 one nds froma Tayla expansiomf
the expnential
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wherdr?i isthemearsquaedradiusandcannoteidenti edwiththe
geometricdadiusof the chagedistribution.For a densi distribution
that is constantup to Ry, andzerofor largerradiione nds
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Global Properties of Atomic Nuclei

Sizes
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Global Properties of Atomic Nuclel
Nuclear sizes (2 )

Calculated and experimental densities



Halonuclel

Nuclea radiiincreaseonsiderablgs oneappoachedhe proton and
neutrondrip lines,resgectively

An experimentakignaturdor halois a narov momentunistribution
observeth transfemreactions.The narow momentundistributionin-

dicatesa wide spatialextensiorof the halo. Note that the width of

the momentundistributiondecreasewith decreasingroton sepaa-

tion energyS, or neutronsepaationenergys,, resgectively



HalonucleugLi

] i is a halonucleuswith a two-neutrorhalo. Notethat the odd-N
isotoge °Li doesnot exist.

|. Tanihata et al.
Phys. Rev. Lett. 55, 2676 (1985)

Interaction cross section
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weak in-medium effects



NeutronSkinvs. NeutronHalo

A measurdor the neutronskinis the di erencebetweenneutronrms
radiusandthe protonrmsradius

R=RZ¥? MR

Neutronskinsgraduallybuild up asisotogsbecomenae andmae
neutronrich.

Halosare formedwhenthe Fermienergyis closeto the continuum,
l.e. the neutron(proton) sepaation energyS, (Sp) is closeto zero.
Dueto the Coulombbarier, proton halosare lesspronouncedhan
neutronhalos.In a single-pdicle picture,we have

Rﬂalol Sn 1:2:

Neutronhalosapea asoneappoacheghe neutrondrip line. They
are clealy carelatedto the neutronsepaationenergy
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Neutron & proton density distributions

HFB+SkP, J. Dobaczewski et al., Phys. Rev. C 53, 2809 (1996)
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S. Mizutori et al., Phys. Rev. C61, 044326 (2000)
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Global Properties of Atomic Nuclel
Shape deformations

The first evidence for a non-spherical nuclear shapeame from
the observation of guadrupolecomponent in the hyperfine structur
of optical spectra. The analysis showed that the elequiadrupole
moments of the nuclei concerned were more than an order of
magnitude greater than the maximum value that could be attribut
a single proton and suggested a deformation of the nucleus as a
whole.

YSch¥er, H., and $hmidt, Th., Z. Physik94, 457 (1935)
YCasimir H. B. G., On the Interaction Between Atomic Nuclei and

Electrons, Prize Essay, Tayi®Tweede GenootschaHaarlem
(1936)

The question of whether nuclei can rotatdbecameanissuealready
In the very early days of nuclear spectroscopy

¥Thibaud J.,Comptes rendu$91, 656 ( 1930)

¥Teller, E, and Wheeler, J. APhys. Rv. 53, 778 (1938)

¥Bohr, N., Nature 137, 344 ( 1936)

¥Bohr, N., andKalckar, F., Mat.Fys Medd Dan.Vid. Selsk. 14, no,
10 (1937)



Staticelectricquadruple moment

Hyper ne atomicsplitting (of order 10 ” eV) dueto quadruple de-
formationof nucleus Electricpotential
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Multipole expansionalidif chagedistributionis probedat largedis-

tancegrf  jry:
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with multipole moments
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Allmoment®) withodd vanish.Qqy = Z, andthe rst nontrivial
momentis quadruple momentQ, .

For axiallysymmetrichagedistributions,

coe<

S5 Z i 5z
TS rqr9%@Bcog ° 1) (14)_%‘E 43z r® (9

fully determinethe quadruple moment:In the body- xedframeone
hasQzo = Q0= 2Qy50= 2Qyq0 Notethat Qo> Ofor prolate
(ciga shagd)chagedistribution®andQ,g < 0for oblate(discudike)
chagedistributions.
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