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E and M fields
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In detail
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Multipoles

Aqrktt2 [+ 1 1/2

ap(l,m) = (20 + 1) ( z ) (Qum + Qi)
Amik!t2 1+ 1 1/2

ay (l,m) =~ OEE ( ; ) (M, + M )




Multipoles




In more detail
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- The EM moments

- Hpy = q® — p E+ - LLQ@J&E ﬁ H+ ...
| i=1 j=1 :
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“Lifetime is also important

5 ps 5ns 5us 50 us 5ms 5s
Transient fields TDPAD . NMR g
* & 4 L 4
TIPAD . Laser spectroscopy X
. LTNO
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Excitations mechanisms

Q@ Spallation O . ."
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-~ Excitation mechanisms
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vi=gMnB/h :Larmor frequency
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Level population

isotropic aligned polarized

Population

2 -1 0 1 2 m -2 -1 0 1 2 m -2 -1 0 1 2 m
p(m) equal V m p(m) = p(-m) p(m) = p(-m)
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" The angular correlation

yor

47
W(0.0.) = 3 S A BE(OY (6.6)

) k,n







0 .
" What 1s the observable?

2k precesses
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Going Perturbed




=2 NUSTRAP

Quantum Picture

=< Observables become expectation values of
operators

=zt Magnetic Dipole Moment

1 S
[i(r) = 5 /dST/ r’ x j(r')
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L The Electric Quadrup01€

¢ A deviation from the spherical shape of the
nucleus in one direction results in an
inhomogeneous charge distribution

C Z axXIs
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Q and shapes

=k Q is a direct probe of the nuclear shape

3:1

Oblae

stperdeioamation




-~ Higher-Order Moments

k< Are there any other moments?

=f< Can we measure them?
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The Anomalous p

First seen with

electrons We know why!

ge = 2(1 + a/2m)

Important for
nuclear
magnetic
moments

Can you guess the cause
of the anomalous p?
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Adopted values

u(proton) = +2.792847356(23) un

u(neutron) = -1.9130427(5) un

Particle Data Group
Chin. Phys. C, 38,090001 (2014) and 2015 update
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The g factor

=t The magnetic moment can be directly connected

to the spin of the level, J (units of un)
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) :
Generalize to A nucleons

¢« The magnetic moment is a one-body operator

=< It can be easily expanded to a system of A
nucleons

A A ==
p=> gl'+) gs =
i=1 i=1 3
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The g factor of proton

= For a perfectly charged .
sphere: ”

= If proton is a Dirac particle: )
9s =

gs = +5.587
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Nucleonic System

Important Detail:

Protons and Neutrons have
g-factor values
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' Non-Additivity
=t From experimental deuteron data we know:
\ Up = +2.792847356(23)
b Un=-1.9130427(5)
=<

u(D) # p(p) + pu(n)



~  Addition Theorem

t< We can add moments (or g’s) using vector
analysis:

LI+ 1) — I(Is

g(l) = (91 +92) + (91 — g2)

1
2 | I(I+1)

| B




[llations
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Direct application



Holes vs. Particles

A particle is... a hole!

L=

hole core particle

- - -
—— ——
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L The Electric Quadrup01€

¢ A deviation from the spherical shape of the
nucleus in one direction results in an
inhomogeneous charge distribution

C Z axXIs
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Dynamical effects

Meson-current
exchange

Core
Polarization

Tensor
Effects



Free vs. effective

=k In the dynamic nuclear environment, the
bare values change

g (p,n) = 0.75 - gI"*(p, n)

S

gffle.l or — 0.1




Core polarization



D
a

NUSTRA

“Meson Exchange Currents

=#< There are effective interactions due to pion
exchange

=< In @ more fundamental picture, quark
currents are responsible for the effective field

e

seagull pair current
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Tensor effects

=k« The magnetic moment is a rank-1 tensor by
construction

—rr>
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How do models treat
moments?



Liquid-Drop Model

=< Simplified picture: A lump of protons and
neutrons (indistinguishable)

&



Quick proof

ﬂ:lfd3r?x7(?)=ifd3r?xpv
2C 2C

0 = (Ze)/V = (Ze)/(Am/dm)

+ | dr #x pV
e [ dBr X dpV

2A

55'(Z) [ dr dy?x 7




Does It Work?

=< For collective states, it usually does
=< However, most levels deviate significantly

=t< Mainly responsible for those deviations are
shell effects that break collectivity
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" Arethey all =Z/A?

neutron number (N)

42 44
I I I I I I I I I

stable Kr

1 I 1 1 1 I 1 1 1 I 1 1 1
78 80 82

mass number (A)
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Collective models

=< Collectivity is  the best playground for the
magnetic moment

-f< The observable is rather insensitive

=k« Best operator is probably the
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Vibrational

=zt One-phonon states
=k Two-phonon states
=2
=




Rotational

=f< Intrinsic frame

M = gQQ = (V| Z gllz + gsszl\P>

axial nucleus (Q=K)

Q2
I+1

1= grl +(go — &r)




deformed

0(6) y-unstable rotor

U5y (2)

spherical
anharmonic axially symmetric
quadrupole rotor

T —

\Vilelg=11e] g



IBA-I
Sk

=< In IBA-I, the lowest-order transition O@rator
may be expressed as: @
T, (M) =B, [aﬁ ® 67];1) %@

2)
u

T», (E) = a; [afr R5+s @ J]Lz) + 3 [dT ® c?]

4 12
M = (?) (L, M = LT\ o(M)|L, M; = L) = ggL




[BA-II

=< In IBA-II, the transition operator
distinguished between protons and neutrons

/ 3
TI(MI) — E (gﬂLﬂ + ngv)

N, N,
+ g,
N, + N, N, + N,

8 = 8r
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Single-Particle

Assume closed
shells

-

odd (L,s) nucleon

Trend along

Schmidt the nuclear chart

limits



Schmidt limits

¢« From the addition properties, if one couples

an nucleon with the
PRI [
A — 9




PROTONS J=L+a1/2 NEUTRONS J=L+1/2
i J=L-1//2 i J=L-1//2

56 T.J.Mertzimekis e http://mertzimekis.gr ¢ @tmertzi



L)
* @
&
NUSTRAP

Experimental Data

. V ° 1 .
5 ’1 .5 - : I - — //
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For each energy level, a

corresponding g factor

may be predicted
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~ An online database for nuclear

EM moments

http://www-nds.iaea.org/nuclearmoments

https://magneticmoments.info




Welcome to NUMOR, the Nuclear Moments and Charge Radii Database
A compilation of non-evaluated experimental data | Database cut-off date: 2019.03.31

Search Periodic Table Z-Helix Particles

Blog Cite the DB Send us data Help

you may search for (Z), (A) or (Z and A)

type A

Search Clear

T.J.Mertzimekis e http://mertzimekis.gr ¢ @tmertzi



Welcome to NUMOCR, the Nuclear Moments and Charge Radii Database
A compilation of non-gvaluated experimental data | Database cut-off date: 2019.03.31

Searzh Periodic Tzble Z-Helix Particlez
3Ung Cita the DR Send uc data Help

< Ruthenium (7=44) >
RuX-rays RuAtomDala  Rulonic Radius  FU@NIH  Ruhistory  Ru@\WkKI

. l.‘iRu “Ru | GSRU QiRu Q?m “RU NRU 1 lﬂqu im RU (1) F.U
ISOtOPe 10y | WaRy || 1053y |[ Ry | 0py | WSRy | MR, || 123y
Isotope Mass Excess [keV] Energy [keV]  t,2  Spin/Parity p [nm] Q [b] R|fm] ‘YRef. Std Method NSR keyword doi Comment
“8Ru . stable ot 4.4229(55) 2013AND2  10.1016/j adt.2011.12.006
653. 5.9ps 2t +0.32(5) TF 2011CH23 10.1103/PhysRevC.32.1707
+0.94(5) TF 20°1TADG 10.1103/PhysRevC.32.1707
+0.8(€) IMPAC 1974HUDI 10.1103/PrysRevC.31.130
D.21(8) or -0.01(9) R 1991HADY  10.1103/PhysRevC.4%.2140
-0.20() cr-0.01(9) 1980LADT  10.1103/PhysRevC.32.532
mass -0.03(14) 1977MA41  10.1103/PhysRevC.32.532
[ InPACS] Shapes and deformatlons I_l

Q  radius

Plotting systematics is still in beta, use with caution.

7=44 isotopes |I(9.S.)
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Q and shapes

=k Q is a direct probe of the nuclear shape

3:1

Oblae
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-~ Higher-Order Moments

k< Are there any other moments?

=f< Can we measure them?
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