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Some History 
In the beginning  (1922) Stern-Gerlach performed their experiment. 
-   Spin quantization.
- Measurements of atomic magnetic moments.
- Measurements of magnetic moment of proton.

The next day (1925) Goudsmit and Unlenbeck
discovered the electron' spin.

The third day (30’s) the neutron was discovered,
its magnetic moment was measured, and the
magnetic moment of the deuteron was predicted …
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What is the magnetic moment in the nucleus 
The nucleus is composed by moving protons and neutrons

Orbital
Current densities create magnetic moments
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Quantum Mechanics

Only protons have an orbital magnetic moment!
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How do we measure a nuclear magnetic moment?
Magnetic Moments are measured by subjecting the excited 
nucleus to an external magnetic field and observing the Larmor 
precession of the nuclear spin.
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How do we measure a nuclear magnetic moment?
Magnetic Moments are measured by subjecting the excited 
nucleus to an external magnetic field and observing the Larmor 
precession of the nuclear spin.
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~107 s/T

| ~H| ⇠ 103 Tesla!

Earth magnetic field ~ 3.6 x 10-5 Tesla.
LHC superconducting magnet is ~ 8 Tesla.

J-PARC ~ 2.5 Tesla (Tuesday by Megumi Naruki)
KLOE array ~0.52 Tesla (Today by Elena Perez del Rio) 



How do we obtain a magnetic field of 103 Tesla?
The 4th day (1967) magnetic Transient Fields were discovered (by accident).
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Anomalous precessions have been observed
in the perturbed angular correlations of gam-
ma rays following the Coulomb excitation and
consequent implantation of the recoil ions in-
to polarized ferromagnetic host materials.
The anomalous effects are clearly evident in
the systematics of the results of a large num-
ber of Larmor precession experiments identi-
cal to those described by Borchers et al. ' The
nuclear g factors as derived from the data,
assuming static hyperfine-field values, ' are
consistently in disagreement with radioactiv-
ity experiments and theoretical expectations.
The assumption of a static magnetic field is
shown to be incorrect. The anomalous results
ean be explained by postulating that a positive
transient magnetic field of several megagauss
acts for a few picoseconds on the recoil nuclei.
The origin of this field has been studied in a
series of measurements in which the kinetic
energy of the recoil ion is changed by a copper
moderator before entering the ferromagnetic
backing.
Measurements have been made on even iso-

topes of Cd, Ru, Pd, and Mo, in addition to
those reported on Te, ' Pt, ' IIg, ~ and Se.' In
each case the first 2+ level was Coulomb excit-
ed by -35-MeV 0' ions from the University
of wisconsin tandem accelerator, and the de-
cay y rays were detected in coincidence with
the backscattered oxygen ions. The recoil en-
ergy of the excited nuclei (up to 15 MeV) and
the target thickness (a few hundred p. g/cm2)
were such that the recoils were driven through
1 to 2 mg/cm' of the chosen backing material.
The calculated stopping time for the recoil atoms
is &1 psec. A detailed description and expla-
nation of the experimental geometry and the
technique, called IMPACT, can be found else-
where. e 9

Host materials of Fe, Ni, Co, Gd, and Cu
were used. No perturbations were observed
on implantation into a copper matrix; the mea-
sured angular-correlation parameters were

in excellent agreement with theoretical calcu-
lations. Moreover, no precession of the cor-
relation has ever been observed (A 8 &0.002 rad)
using a Cu host, when the aligning field (1-2
kG) was reversed Th. us systematic errors
appear to be negligible. '
The precession angles reported' for the 2+

states of even Te nuclei implanted into iron
were considerably higher than expected. It was
pointed out in that Letter that all phenomena
usually considered such as radiation damage,
de-excitation in flight, high local temperatures,
etc. , would decrease the precession angles,
and that the observed large precession angles
might imply the existence of a transient posi-
tive field acting on the implanted nuclei. The
results below confirm that conjecture and show
that the existence of a positive transient field
is a general phenomenon occurring on implant-
ed nuclei. More complete reports on these IM-
PACT experiments are being published. '& The
present Letter summarizes those results of
particular relevance to the transient-field phe-
nomena, and includes more recent experimen-
tal data.
The IMPACT values of ~ T= gp~(Peff/8) 7—

for isotopes of Mo, Ru, Pd, Cd, and Te are
presented as a function of nuclear mean life
T, in Fig. 1. Three features of the data indi-
cate the nature of the anomalies. (1) The ra-
dioactivity results for wv (only a few are shown)
are always more positive than the values from

(2) The precession angles for Cd,
Mo, Pd', and Ru 8 give negative co~ values,
whereas one expects positive values on the ba-
sis that the static hyperfine fields are negative
and the g factors are expected to be positive.
(3) For any reasonable assumption about g fac-
tors and static hyperfine fields, the precession
should approach zero as the lifetime gets small-
er, which is not the case for the present data.
These results are consistent with a time-de-

pendent positive field B„which approaches
the static hyperfine values IJ, with a time con-
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How do we obtain a magnetic field of 103 Tesla?
The 4th day (1967) magnetic Transient Fields were discovered (by accident).

 
1. The picture of the Magnetic Transient Field is not completed.
2. Parametrization for HTF are utilized.
3. The obtention of HTF from first principles is worth to do.



How can we use this in a nuclear reaction?
Coulomb excitation reactions provide a nice way to obtain aligned states.

12C(96Ru,12C)96Ru*
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This is the so called Transient Field (TF) method 
to measure nuclear magnetic moments.



The Experimental Setup 
In the 5th day measurements were performed. 



The Experimental Setup 
In the 5th day measurements were performed. 
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Results 
In the 6th day data analysis started! 



The regions around N=20, 28 and 50  
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• At magic numbers g factors are high.
• Negative values are originated by a pure shell model picture,
40Ar, or by core excitations 42Ca.
• Negative g factor values for 92,94Zr are produced by neutron
excitations in the d5/2 shell.



The regions around 50<N<90  
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For negative g factor values of Sn isotopes, the filling of the 
h11/2 orbital plays a relevant role.



The first frontier: g(I>2+)
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Nuclear structure aspects via g-factor measurements: pushing the frontiers.
PoS Proceedings of Science, 10th Latin American Symposium on Nuclear Physics and Applications (2013)

http://pos.sissa.it/archive/conferences/194/021/X\%20LASNPA\_021.pdf

http://pos.sissa.it/archive/conferences/194/021/X%5C%20LASNPA%5C_021.pdf


The first frontier: g(I>2+)
Coulomb Excitation Experiment

Alpha-transfer Excitation Reaction Experiment

12C(96Ru,12C)96Ru*



The first frontier: g(I>2+)
Coulomb Excitation Experiment

Alpha-transfer Excitation Reaction Experiment
12C(96Ru,8Be)96Ru*



Coulex Vs. Alpha Transfer
Coulomb Excitation Alpha Transfer Reaction



Coulex Vs. Alpha Transfer
Alpha Transfer Reaction
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Coulex Vs. Alpha Transfer
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The negative g(4+) of 86Sr
86
38Sr + 2p =88

40 Zr
2p in the p1/2 shell

g(2+1 )

88Zr
86Sr

Exp. JJ4B JUN45
+0.30(11) +0.77 +0.39
+0.29(1) +0.38 +0.29

g(4+1 )

88Zr
86Sr

Exp. JJ4B JUN45
+0.65(18) +0.84 +0.49
-0.68(49) +0.22 -0.07

1p3/2, 0f5/2, 1p1/2, 0g9/2 for p and n.



The negative g(4+) of 86Sr
86
38Sr + 2p =88

40 Zr
2p in the p1/2 shell

g(4+1 )

88Zr
86Sr

Exp. JJ4B JUN45
+0.65(18) +0.84 +0.49
-0.68(49) +0.22 -0.07

1p3/2, 0f5/2, 1p1/2, 0g9/2 for p and n.

Some possible configurations to obtain 
a negative g-factor value

g(p1/2)⇡ =� 0.529

g(g9/2)⌫ =� 0.425

g(p3/2)⌫ =� 1.275

g(f5/2)⌫ =+ 0.547

g(g9/2)
2
⌫ or g(p3/2, f5/2)⌫



The semi-magic core 88Sr Vs. 90Zr 

88
38Sr50

88
40Zr50

88Sr and 90Zr have been utilized as closed shell cores for large scale shell model calculations
in the 28 < Z < 50 region.

What is better as a closed core
for shell model calculations?

12C(78,86Kr,8Be)82,90Sr*



The semi-magic core 88Sr Vs. 90Zr 

88
38Sr50

88
40Zr50

88Sr and 90Zr have been utilized as closed shell cores for large scale shell model calculations
in the 28 < Z < 50 region.

• For 82Sr both g factors are in agreement with the collective value Z/A expected for 
nuclei in the middle of a major shell. 

• The g factors in 90Sr are negative but smaller than in the isotone 92Zr. 
• The results also indicate that 88Sr is a proton-soft core nucleus and perhaps even 
softer than 90Zr. 

What is better as a closed core
for shell model calculations?



Our current efforts and the next frontiers
12C(106Cd,12C)110Sn*

Results coming soon! 
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Summary
• Most of g-factor values for even-even nuclei are positive.
• Negative g factors are “very” rare:

• 46Ca (2+), 92,94Zr (2+,4+) isotopes: f7/2
• 16,20O isotopes: d5/2

• Positive g factors in the f7/2 shell
• g(42,44Ca,2+)

• The TF technique has been implemented with radioactive beams 
•  126Sn
• Every case is different, contamination and lifetime drive the 

experiment.
• Alpha transfer reactions must be investigated to improve 

magnetic moment measurements.
• The Transient Field must be also studied from a first principle 

base to replace the current parameterizations.



In the 7
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Thank you.
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Radiation Damage 
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Alpha Transfer Vs. Coulex
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