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In honor of my teacher and colleague Michael Kirson

• INTRODICTION – Exotic Nuclei, Experimental “Renaissance”

• Magnetic and Quadrupole Moments in 61Fe - GANIL

• Parity-Non-Conservation in the γ decay of 182Hf(8-) - ISOLDE
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That’s NOT the
Topic of my talk –
only for fond memories.. 
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Modern “Landscape” of Nuclear Structure

Disappearance and emergence of
sub-shells, spin-orbit interaction for
neutron-rich matter…
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projectile-fragmentation – towards yet more neutron-rich nuclei
fusion-evaporation

64Ni primary beam

61Fe secondary beam
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Preparing Nuclei with
Alignment & Polarization

Reaction LTNO
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GENERAL ASPECTS of g and Q  measurements in fragmentation

PROJECTILE   FRAGMENTATION
+ 

selection in longitudinal momentum
(slits in FRS  or via ion-correlation)

CONDITION:
STRIPPED FRAGMENTS !

Matea, PRL 93 (2004) 14250361FeYIELD

61Fe

-15.9(8)%

61Fe

61Fe

From our experiments at GANIL energies (64Ni, 60 MeV/u):
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• the orientation of the nuclear ensemble 
described by the orientation tensors

• QM-description of ensemble: density matrix
(easy transformation under rotations)• construct

• axial symmetry

• aligned ensemble: k even
• polarized ensemble: k both odd and even

Angular distribution formalism
θ

φ
secondary beam
direction
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θ

φ
secondary beam

γ

ZOR

transport in mass separator:

TDPAD = Time Dependent Perturbation of the Angular Distribution

time evolution of the orientation

Q
g • by an external magnetic field

• by the electric field gradient (EFG) of a non-cubic crystal

det 1
det 2

t=0t=0 t

B
J Zor

XLAB

γ



ISOLDE Workshop 

61mFe E* = 861 keV, T1/2 = 239(5) ns

g = -0.229(2) - consistent 
with odd neutron in g9/2
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π ν

LSSM calculations

deformation!!

Qs= -57,9 efm2

• HFB calculations
• particle+rotor model
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secondary beam

γ

ZOR

EFG (Vzz)
β

α

similar principle for Q-TDPAD experimental setup

LISE beamline

beam

plastic scintillator
(t=0 signal)

crystal with EFG

γ at time t in coincidence with ion at t=0
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144Gd(10+) –
alignment

t=0 
R(t) = maximum (minimum)

Representative PAST  QRepresentative PAST  Q--Moment Determinations (FusionMoment Determinations (Fusion--Evaporation)Evaporation)

Precession – but more
Complicated than the 
“simple”Larmor precession
in the Magnetic case 

54Fe(10+) - alignment

54Fe(10+) - orientation
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Simulations

T depends on 

amplitude 
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Plot of the TG1 and TG4 after a
binning of 120 for:
(a) 654 keV and (b) 207 keV respectively.

Analysis by S.K. Chamoli - WI
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207 keV :
|(Q| = 45.8(6.7) efm2

For 654 keV :
|Q| = 45.0(6.5) efm2

Based on new calculation
Of Q[57Fe(3/2+)] – THE Mossbauer level
(Gabriel et al., PRL 87 (2001), 062701
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For Nuclei with Z > ~ 30

Fully Stripped

GSI

To be continued… (2006 runs)
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1956:  Lee & Yang, Parity Non-
Conservation (PNC) theory.

Parity Non-Conservation

Experimental signature should 
differentiate between the right from left
Pseudo-scalar required.  
Several experiments suggested 

θ -τ puzzle

PHpnc ≠ HpncP
Hpnc different behavior under Parity operation.
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β-decay of polarized 60Co
The PNC Experiment
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Preparing Nuclei with
Alignment & Polarization

Reaction LTNO
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0/90 – LT Orientation

0/180 – PNC

“Maximal” PNC in weak interactions – Big effects
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1958: 
Feynman & Gell-mann
suggest 1st-order weak 
interaction in the 
nuclear potentialPV nuclear force

PNC in N-N systems arise from the weak  currents 
mediated W and Z bosons. 
D. Tadic, Rep. Prog. Phys., 43 (1980)67.
Adelberger & Haxton, Ann. Rev. Nucl. Parti. Sci. 35(1985).
Haeberli and Holstein (1995), nucl-th/951062

PNC is inevitable for all the nuclei  - though minute. 
Search for good cases with large effects.

PV in Nuclei Probes (ΔS=0) in the weak Hamiltonian
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N-N scattering data + 
Bound Nuclear 
systems establish Iso-
Scalar, Iso-Vector and 
Iso-Tensor strengths. 

Motivation
•A check on Standard Model Predictions.
•NS calc for bound state interpretation → Feedback to      
understand the nuclear system better
•An avenue full of surprises.
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EM transitions
Unpolarized nuclei

•Circular Polarization in γ radiation from
•Up-down asymmetry of γ radiation following 
polarized thermal neutron capture 
•γ decay angular distribution from polarized nuclei

γ-asymmetry
• Mixed parity introduces A1P1(cosΘ ) term in the γ
angular Distribution for Polarized nuclei.
• 0º → 180º asymmetry Aγ w.r.t. polarization direction
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Only Few Cases

18F(0, 39 keV, 28ps) < 90 meV, A=112
19F(1/2, 110 keV, .9ns) ~ 380(100) meV, A=11
21Ne (1/2, 5.7 keV,.1ns) < 30 meV, A=296
93Tc(17/2, .3keV, 15us) ~0.29(14) meV, A=2000
180Hf(8, 57 keV, 7.5h) ~1.0(0.1) μeV, A=2.10A=2.1099

In the presence of 107 stronger 
interaction. 
Yet significant due to Structural effects. ion"Amplificat"A

A *
ΔE

||
      O Hpnc

−

><
∝

Tilted foils – “old and beloved” story..
Krane et co., 
1970’s
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Unique case of 180Hf

• Rather Small PNC ME

• 57 keV proximity 

• K-forbidden (ΔK=8)

• Huge structural effect K=2.109

Large enhancement
• Strongest experimental effect 

reported so far
Aγ ~ 1% PRC 5, 1663(1972)
Pγ ~ 0.28%PLB 31, 65(1970)

• Difficult for shell model
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180Hf(8-, ΔE = 57 keV, 7.5h) ~ 1.0(0.1) μeV, A=2.10A=2.1099

A ∝
<8-, k=8|M2|6+, k=0>

<8+, k=0|E2|6+, k=0>

ion"Amplificat"A

A *
ΔE

||
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Low-T Orientation; Principle

Implantation into ferromagnetic hosts. 
HF 100T  
Low T (~10 mK) for Polarization
Pair of SC coil: 
few kG orient the Electronic Magnetic 

moments and nuclear orientation follows.  

Large amounts of polarizations, Magnetic 
fields decide the direction of polarization.
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The low Temperature Orientation 
Technique; Setup
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180Hf experiments: Past
LTNO and γ-asymmetry, e.g. K.S. Krane et al., PRC5 (1972) 1663

180mHf Source:  neutron irradiation of 180Hf/HFZrFe2

Cooling: adiabatic demagnetization of 1K cooled Chromium 
potassium sulfate salt pill  to ~ 10 mK
HF on Hf in ZrFe2: ~ 20(2)T .

Problems: 
Sample warming from 16 to 30 mK, no control.
For good statistics rather strong  sources were used.
During the counting the source count rates dropped by 3-4 times 
affecting the width of the peaks and S/N ratio.
Dead-times were empirically corrected with no explicit definitions 
for the compensation of the lower efficiencies at high countrates
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180Hf: Present
A revisit
Cross-check on the reliability of the landmark 30 yrs. 
old experiments. 
Reliable LTNO  at the NICOLE dilution refrigerator + 
Asymmetry Measurements for a good experimental PNC 
matrix element extraction.

Improvements
Unique 180mHf beam at GPS at ISOLDE 
New setup avoiding most of the past shortcomings.

Utilization of control lines; 215, 333 and 444 keV
Elimination of possible systematic errors.
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Parity Non-conservation in the g Decay of  180mHf(8-); revisited

S.Chamoli1, G. Goldring1, M. Hass1, I.S. Kraev2, S. Lakshmi1, 
B.S. Nara Singh1, J. Rikovska3, N. Severijns2, N.J. Stone3, 

F. Wauters2, D. Zakoucky4

and the NICOLE and ISOLDE Collaborations

1 Weizmann Institute of Science, Rehovot, Israel, 76100l
2 K.U.Leuven, Instituut voor Kern- en Stralingsfysica, B-3001 Leuven, Belgium

3HHIRF, Oak Ridge National Laboratory, Oak Ridge TN, USA
4Nuclear Physics Institute, ASCR,  250 68 Rez, Czech Republic
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Thanks to the ISOLDE ion-source group for the 
excellent and steady 180Hf beam!! 

Hf beam intensity ~ 5 x 106/s

Isomeric ratio ~ 100 
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Schematics of the NICOLE setup

Magnetic field: 0.5089(3) T 



ISOLDE Workshop 

November 2005 Data Analysis – S. Lakshmi - WI
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0/90 – LT Orientation

0/180 – PNC
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So….

Aγ = 1.15(4) %
“RAW”

Aγ = 2 [R(0) – R(180)] / [R(0) + R(180)] 

R(T) = N(501) / N(332+444)                

Krane:
Aγ ~ 1- 1.6 %
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Many thanks to all my colleagues 
from:
Leuven, ISOLDE, Oak Ridge/Oxford, WI
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Calculations for 93Tc

Together with the simplest 
1p1/2-0g9/2 model space
<Hpnc> = - 0.2 to 1 meV

Stable

88Sr+5p, shell-model + “best 
value “ strength of interaction 
terms, PRL 45 (1980) 1681, 74(1995)231

PLB 367, 21 1996
93Tc probes IT term, 
first case where ITexp~ITcalc
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Tilted Multi-foils 

For ωt>>1

Most effective for Low electronic spin 
(J) and high nuclear spin I.

J=2.5, 
PJ=0.08

G. Goldring et al, HI 21, 209 (1985)
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Mirror Nuclei in the f Shell
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57Cu (I=3/2-, T1/2 = 199 ms) ---- 57Ni (I=3/2-, T1/2 = 36h)
and

58Cu (I = 1+ , T1/2 =3.2 s) 

17Ne (I=1/2-, T1/2 = 109 ms) ---- 17N (I=1/2-, T1/2 = 4.2 s)

23Mg(I=3/2+, T1/2 = 11.3 s) ---- 23Na (I=3/2+, stable)

ISOLDE + Tilted-foil polarization + HV Platform
β-NMR

GANIL + beam-polarization
β-NMR

FUTURE:  55Ni -- 55Co, 59Zn -- 59Cu …...
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Previous Measurements in Cu
1p outside Z=28

?
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Previous Measurements in Cu -
1p outside Z=28
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Calculations

From Light Nuclei
IV strength correction by 
an empirical factor of 
0.15±0.15.
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B

γ

det 1det 1 det 2det 2

J
Z

GENERAL ASPECTS of EM-factor measurements –
Non-uniform nuclear spin distribution!!

ωL = -gμNB/h

Measure anisotropy at 90°

det 1
det 2

t=0 time
time

2ωL

2A2B2

Time Differential Perturbed Angular Distribution
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Motivation



ISOLDE Workshop 

Need for experiments on good cases with large PNC effects.


