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 LTNO : Oriented nuclei 
 

• To probe  weak interaction  
• To probe nuclear structure 
• (To probe solid state ) 
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Nucleus… 

… neutron … 

… and quark. 

Parent:                     Daughter: 
  

Beta particle 

Gamma ray 
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How one can polarize a nucleus? 

LTNO in numbers 
 Bext ~ 1 - 2 T 
 Btot ~ 10-100 T 
 T ~ 7-20 mK 

Low Temperature Nuclear Orientation 
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How one can polarize a nucleus? Ge Detector 

The detail of the shape of the angular distribution depends on the particular 
transition: spins of the nuclear states involved, transition multipolarities, 
parity admixture and also on the environment of the nuclei like the total 
magnetic field and the temperature.  

Low Temperature Nuclear Orientation 
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How one can polarize a nucleus? 

Particle detector 

The detail of the shape of the angular distribution depends on the particular 
transition: spins of the nuclear states involved, transition multipolarities, 
parity admixture and also on the environment of the nuclei like the total 
magnetic field and the temperature.  

Low Temperature Nuclear Orientation 
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How one can play with the nucleus spin? 

The good frequency -> the magnetic moment 
Providing that you know the magnetic field and the temperature 
  Hyperfine information 
  Nuclear thermometer 

Low Temperature Nuclear Orientation AND Nuclear Magnetic Resonance 



—8— 

A dilution cryostat … 

 … and a detection system 
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C.S. Wu: parity violation in 
weak interaction 
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Limited by systematic 
effects (waiting for a 
new good idea) 



—11— 

Search for CPT violation in the weak interaction  

An effective model …  

… based on a theoretical 
framework 

LTNO: large polarization (up to 80%) 
 
Timeline:   
• reanalysis of existing data (thesis of F. Wauters KULeuven) 
• New data with 60Co (Off Line) 



—12— 

A single f7/2 proton outside doubly 
magic 48Ca (Z=20, N=28) 
 
Good test for fundamental theory of 
nuclear magnetism  
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Beta-delayed neutrons from oriented 137,139I and 87,89Br nuclei 

VANDLE@NICOLE Versatile Array of Neutron Detectors at Low Energy 

First angle and energy resolved beta 
delayed neutron measurement on 
medium heavy nuclei.  

Proposal at the 45th INTC 
Spokesperson: R. Grzywacz: 



—14— 

Beta-delayed neutrons from oriented 137,139I and 87,89Br nuclei 

VANDLE@NICOLE Versatile Array of Neutron Detectors at Low Energy 

Theory and 
simulation ready 

Time of flight experiment  
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Beta-delayed neutrons from oriented 137,139I and 87,89Br nuclei 

VANDLE@NICOLE Versatile Array of Neutron Detectors at Low Energy 

Conventional spectroscopy: 
energies, level structures intensities, 
Angular distribution: 
Spin and parity of the levels  
and the angular momenta (partial waves) 

Particle emission: physics at the drip-‐lines  
r-‐process nuclei are delayed neutron emitters 
power plant modeling 
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132Sn 

N=50 

N=82 

Z=50 

Z=28 
78Ni 

ON line study: Structure around doubly-magic neutron-rich nuclei : 78Ni and 132Sn 
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Nuclear structure physics 

Fundamental study of the weak interaction 

Solid state physics 

~50 years after the first measurements there is still innovative physics to be done   

2 On Line systems: 
NICOLE@ISOLDE@CERN 
And soon POLAREX@ALTO@ORSAY 
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Thanks for your attention 

The collaboration 



—19— 



—20— 

Nuclear moment measurement 
Past Sc NICOLE@CERN 
Futur Polarex@ALTO  
 
More exotic stuff 
Parity admixture Hf 
Beta delayed neutrons I   



—21— 

ON line study: 137I 
 
Measurement of magnetic moment of the odd proton 7/2+ state 
Search for strong parity admixture in 137Xe 
Anisotropy of β-delayed neutron emission  

-decay of 137Xe* and β-delayed neutron emission from  137Xe 

 
Anisotropy of β-delayed neutron emission  
Access to quantum barrier penetration studies 
Neutron wave function 

- 

Anisotropy of  emission 
High density of 7/2+ and 7/2- states in 137Xe 
(7/2- ground state) 
Strong parity admixture?  
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Beta-delayed neutrons from oriented 137,139I and 87,89Br nuclei 

VANDLE@NICOLE Versatile Array of Neutron Detectors at Low Energy 
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OFF Line study : 125Sb and 60Co 
 
Measurement of the magnetic moment of 125Sb as final commissioning 
Test of CPT in the weak sector  
 

N.J.Stone et al., Phys. Rev. 172, 4 (1968) 

              warm 
              cold (14 mK) 
 

 = 2.63 (4) N  [INDC 2011]  
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OFF Line study : 147Pm, 149Pm, 151Pm 
 
Measurement of the hyperfine field at the promethium in iron 
Measurement of the magnetic moment of 149Pm and 151Pm 
 

Also the value of the hyperfine field 
is needed to measure any Pm 
magnetic moment with LTNO 

Need beta detectors 



—25— 

OFF Line study : 77Ge 
 
Measurement of the magnetic moment of 77Ge 
 

Properties of neutron-rich nuclei between N = 40 and N = 50 shell closures 

Ge4532
77  with J=7/2+ 

 

     Coriolis-coupling model 
This level could easily be reproduced by  or 
     2d5/2 contribution to the wave function 

 

 measurement :  < 1  Lost of collectivity, no permanent deformation? 
                                  1  Similarity with Se4534

79  ? 
                                  | n|  Coriolis mixing ? 

This measurement will allow the first direct evidence of the stability  
      of deformation enhanced by Z=32 effect  
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ON line study: 134Sb*, 136I*, 137I* 
 
Measurement of magnetic moment of isomeric states 

Magnetic properties of nuclei close to Sn8250
132  to test neutron-proton interactions in shell-

model calculations 

Level systematics of the neutron-rich odd-mass Sb isotopes 
J. Shergur et al., Phys. Rev. C65, 034313 (2002) 

Shell-model calculations unable to 
reproduce this drop 
 
  measurements of 134Sb*, 136I*, 
137I* 

Energy of the d5/2orbit drops unexpectedly for Sb (N=82) and I (N=82)   
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ALTO beam 

  Vertical beam 
line 

  Dilution  
Refrigerator 
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PolarEx  
 
Renovation of the dilution cryostat 
Thermometry 
Electronics 
Acquisition control 

Preparation on the ALTO site 
 
Structure and platforms 
Beam design R&D 

 
New beta detectors 
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L’orientation nucléaire 
 
Pourquoi ? 
 
 
 
Comment ? 
  

  Pour jouer avec les spins 
  Pour créer une direction privilégiée dans l’univers et étudier les symétries 

 
 

  En créant une direction privilégiée  dans le milieu 
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Comment orienter un noyau ? 

Polarex en nombre 
 Bext = 0.5 T 
 Btot = 10-100 T 
 T = 7-20 mK 
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Comment orienter un noyau ? 

Polarex en nombre 
 Bext = 0.5 T 
 Btot = 10-100 T 
 T = 7-20 mK 

Comment observer 
l’orientation d’un noyau? 
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Comment jouer avec le spin du noyau ? 

 
La bonne fréquence -> le moment magnétique 
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C.S. Wu: parity violation in 
weak interaction 
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Comment jouer avec le spin du noyau ? 

 
La bonne fréquence -> le moment magnétique 
Si on connait par ailleurs le champ magnétique et la température 
  Structure hyperfine 
  Thermomètre nucléaire 
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T. D. Lee et C. N. Yang 
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How one can polarize a nucleus? 

Polarex in numbers 
 Bext = 1.5 T 
 Btot = 10-100 T 
 T = 7-20 mK 


