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Basic formalism of Magnetic Electron Scattering
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Magnetic interaction is much weaker than Coulomb interaction, but
Coulomb scattering cross section decrease sharply with scattering angle.

Magnetic scattering becomes more and more important at large
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Magnetic electron scattering can measure the current density in nuclei.
The current includes two parts:

Current
Operator: Jeff o JC +V X H
1 1
convection spin (proton
(proton) /neutron)

After mathematical derivation, the magnetic form factor can be written
as the Fourier transform of the transition current density

FM(q) = /0 " L L(r)jn(ar)rdr

Transition current density: JLL = JEL -+ Jj_rS,L

In the single particle approximation, the current density is mainly
determined by the wave function of the unpaired nucleon. The wave
function can be obtained by non-relativistic or relativistic nuclear structure
theory.



Non-relativistic theory and relativistic theory

Non-relativistic theory:
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Magnetic dipole moment (u):
In the long-wavelength limit the form factor M1 can be reduced to
magnetic dipole moment
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Relativistic theory:

In the relativistic mean field (RMF) theory, the wave function of nucleon
can be described as a two component form

spinor spherical harmonics
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The magnetic multipole operator can be written in a block matrix form:
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The transition current can be calculated with the upper and lower wave function
g(N=G(N/r, f(r)=F(nr.
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The magnetic moment in RMF:
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Same as the result obtained by other authors using different method

M. Bawin, C. A. Hughes, and G. L. Strobel, Phys. Rev. C 28, 456 (1983)



Two forms of magnetic moment formula
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non-relativistic form: M = [gz (] + 5) + A ] 2('7 + 1)

, 1 . 27+1+1
relativistic form:  URMF = [z(] + 5) + )\ | ;(,7 1)

the only difference
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The magnetic moments for odd-N nucleus in nonrelativistic and
relativistic theories are equal.

The relativistic magnetic moment of odd-Z nuclei depends on the details
of model (e.g., different parameter sets of RMF will give different results).




Application of non-relativistic theory: Effects of Velocity-
Dependent Force on Magnetic Scattering

In the non-relativistic theory, the spin-orbit interaction is introduced
as a surface term:

A
Vis(r) = Z V(r)dé(r —ri)o;-1;
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Woods-saxon function: f(’l“) — [1 + exp(’r — R)/a]_l

During electron scattering, the transverse Hamiltonian for the
Interaction between the electron and nucleus:

HTZ—/J°Ad3T.



When a charged particle is moving in the external electromagnetic
filed, the gauge invariance requires that the kinetic momentum p
should be replaced by p — eA. Then there will be an additional term to
the transverse Hamiltonian:

H} = —|e Zei/V(n—)é('r —r))o; -1 X A(r)d>r.
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It is same as the result given by Jensen and Mayer with another
method, Phys. Rev. 85, 1040 (1952)
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® |n the smaller g region the contribution of VDF is much smaller than the
normal form factor. But in the large q region the contribution of VDF
appear.
The velocity-dependent parts oscillate frequently.

® However the cross section at large q region is very small, it is a challenge.



Application of relativistic theory: Magnetic
electron scattering from exotic nuclei
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The discrepancies between the experimental and theoretical results were often

To test the computer code,
some nuclei are calculated and
compared with experimental
data. It is found that the
results agree with data though
there are some discrepancies.
These discrepancies can also
be found when non-relativistic
theory is used.

treated by introducing the spectroscopic factors (quenching factor) a,
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Magnetic electron scattering from exotic nucleli
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The node number, the orbital angular momentum, and the total angular
momentum are all different.

The configuration of valence nucleon can be determined by
magnetic electron scattering.



Magnetic form factor of *Ca and >°Ca
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The unpaired neutrons occupy 2p,, and 2p,,,, respectively. The same node
number, the same orbital angular momentum, only the total angular

momentum are different.

The magnetic form factor is sensitive to the valence orbit with any

different quantum number .



Meson exchange current in RMF

Only single pion exchange current is considered. We use the pseudo-
vector coupling between pion and nucleon

LN = ;—A}&%’Y”?%b T

The one-pion exchange currents contain two terms: the ‘contact’
terms and the “pionic’ term. The current originates from the
electromagnetic wave emitted during pion exchange.
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Cun Zhang et al 2016 J. Phys. G: Nucl. Part. Phys. 43 045103



The MEC can improve
the form factor at
large g region, but
near the first
minimum the
difference is more
larger. If we introduce
the quenching factor
the experimental data
can be reproduced
better in the whole g
region.



Quenching effect at low g-region
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Experimental form factor in the
low-g region is lower than single o
particle results. This quenching - '
effect is regarded as the result ol
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At present, the guenching factors are introduced, which
can be obtained by the least-square fit.

odd
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On the other hand, magnetic form factor in the low g region
Is contributed mainly by M1 ( |[F,(q)|?) . And the magnetic
moment can be derived from the magnetic form factor at the

long-wave limit:
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Therefore, the quenching factor of M1 can also be estimated
from the ratio of experimental to single particle magnetic
moment:
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For some nuclei with good data (cover large g region and small error

q(fm™)

IF, (@)

3| 31
107 ™
0 E Is/_ \ ] P
C 'y
L I'I Py . I"l." Jlr/_ \\\\\
AN /.
10 5\ e %
irl .}" €: " III".
i Al %\
l, N I|
S ! II|
10 JL 0
E kh| :\:EIII
] = 1'1 I'l
6! ® Expt data by
10 3 Uncorrected A
- --- Corrected with « =0.526 3|
-+ Corrected with o =0.405 1|
10” T s

I 2 3
q(fm™)

bars), parameter a, obtained by fitting is close to the ratio of
experimental to single particle magnetic moment.
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For some nuclei , the experimental data are not very good (large error
bars), a, deviate large but it is difficult to judge which one is better.



The status of magnetic electron scattering

From 1960s-1990s, many nuclei including odd-A and odd-odd nuclei
from 2H to 2%°Bi have been measured. As | know #Ca (T, =99 ky ) is the
last experiment.

But for very few nuclei the data are good (cover large q region and with
small error bars).

Furthermore, for many nuclei it is difficult to explain the data even the
corrections (e.g., meson exchange current and configuration mixing) are
considered.

In the 21st century, new electron scattering facilities may bring new
opportunities. More wide and accurate data, modern nuclear structure

models may solve many remained problems.
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Summary and Outlook

® \\Ve investigate the elastic magnetic electron scattering
In both the non-relativistic and relativistic framework

® The contribution of one-pion exchange current has
been considered in RMF

® There are still some problems, e.g., the quenching
effects in RMF or other nuclear structure theory

® It is interesting to consider the magnetic electron
scattering from some stable nuclei in new e-A colliders to
get more accurate results.
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