
Francium after 80 years. 
 

Les Houches, 
April 2019 

Luis A. Orozco 
www.jqi.umd.edu  





This presnetation is available at: 

 
http://www.physics.umd.edu/rgroups/amo/orozco/results/2019/Results19.htm 

 



FrPNC Collaboration (Winter 2018-2019) 
 

Seth Aubin; College of William and Mary, USA. 
John A. Behr, Matt R. Pearson, Alexander Gorolov, Mukut R. Kalita; 

TRIUMF, Canada. 
Victor V. Flambaum; University of New South Wales, Australia. 
Eduardo Gómez; Universidad Autónoma de San Luis Potosí, 

México. 
Gerald Gwinner SPOEKESPERSON Tim Hucko, Michael Kossin, ; 

University of Manitoba, Canada. 
Luis A. Orozco; University of Maryland, USA. 

Yanting Zhao; Shanxi University, Taiyuan, China. 
 

Work supported by NRC, TRIUMF, and NSERC from Canada, 
DOE, and NSF of USA, and CONACYT of México. 

 





The periodic table of elements 





The dashed line says it is a missing element 
He moved the elements around to make their 
chemical properties similar. 
Named eka-  and predicted some properties 
for those elements missing but that should fit 
under. 
That is why people would start looking for 
eka-caesium 



 Radioactivity: 
Something probabilistic in 

nature 

Henry Becquerel 

Pierre Curie 

Marie Curie 

February 27 1896 



Rutherford discovers there are two kinds of rays 
in radioactivity (α, β) 

Ernest Rutherford 



Rutherford determines  ~1910 

•  Alpha particle is a helium nucleus 

•  Beta particle is an electron 



Alpha decay spectra 



1928 George Gamow explains alpha decay as a 
tunneling process 



Tunneling of alpha particles 



Beta decay: 
 
Lise Meitner y Otto Hann (1911),  Jean Danysz (1913) 
and James Chadwick (1914) measure thee spectrum 
of beta decay and it shows a continuum of energies. 

 

210Bi 



Beta decay theory by Enrico Fermi in 1934, it is 
just spontaneous emission. 

Enrico Fermi 
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Spontaneous emission

Beta decay 



•  The weak interaction changes the “flavor” of a 
particle: a neutron becomes a proton. 

•  The inverse process a proton becomes a neutron is 
the beginning of the solar cycle. 

•  The weak interaction does violates partity. 



Nature does not have Parity symmetry. 
 

Change x to –x; y to –y and z to –z 
 

From right hand to left hand 



The discovery of Francium 



First report of eka-caesium 
 

D. K. Dobroserdov, a soviet chemist, claim to have 
found eka-caesium. In 1925 he observed weak 
radioactivity in a sample of K and incorrectly concluded 
that eka-caesium was contaminating the sample (it 
came from 40K) 
He published his predicttions of the properties of eka-
caesium, which he named Russium after his home 
country. He abandoned any pursue of element 87. 



In 1926 Gerald J. F. Druce and Frederick H. Loring (UK) 
analyzed X ray spectra of manganese sulfate and presumed 
to see eka-caesium, they proposed alkalinium. 



Time Magazine February 1930 

(They wanted to call it Virginium). Report retracted later.  



Horia Hulubei and Yvette Cauchois analyzed pollucite 
(the mineral that was analyzed by Fred Allison) in 1936 
using X ray spectra and they presumed they were from 
element 87, They announced it and proposed 
Moldavium. By 1937 there was criticism of their work 
but they were supported by J. B. Perrin who sided with 
them, but later changed his mind. 



Discovery of Francium as 
a product of alpha decay 

of actinium in 1939 
(Margarite Perey) 

 
 
 

Eka-caesium 
(Mendeleeff) 



Margarite Perey, Institute du Radium, Paris~1939 



Margarite Perey (1909-1975)  
•  Studied for chemical laboratory technician. 
•  She wanted to study medicine. 
•  Contracted by Mme. Marie Curie to purify substances, 

the Radium Institute wanted to purify minerals to 
extract actinium (discovered in 1899). 

•  Purified a mineral with lanthanum containing actinium. 



Margarite Perey (1909-1975)  
•  She discovered that the actinium sample purified had 

two decays after she finished the purification, one at 
220 KeV corresponding to actinium and the other at 80 
KeV of the daughet with half-life of 21 minutes.  

•  Saw that the activity behaved like an alkali as it 
precipitated with some cesium salts. 



•  She was given a fellowship to study and received her 
doctorate in 1946. 

•  Professor at Strasbourg. 
•  First woman elected as a corresponding member of the 

French Academy of Sciences (1962). 
 

Veronique Greenwood, “My Great-Great-Aunt Discovered Francium. 
And It Killed Her.”  New York Times Magazine Dec. 3, 2014 



Comptes rendus a L’Academie de Sciences, 208, 87 (1939)  



The origin of the name 
 

•  1939 Perey proposes Actinium K 
•  1946 Perey proposes Catium 

(Objected by Irène Joliot Curie) 
•  1949 Francium (Fa later changed to 

Fr) making the second element 
named for the country (Gallium). 



The entrance to atomic physics 



Sylvain Liberman 
(1934-1988) 

Found the D2 line of Fr (718 
nm), working at CERN. 

 
Try to find a Euro coin between 

Paris and Marseille 





Francium Atomic Energy Levels 

7S1/2 

7P1/2 

7P3/2 

8S1/2 

506nm 718nm 

817nm 

6D state 

46 GHz 

6 GHz 



Francium at Stony Brook 



Measure Atomic Parity non 
Conservattion and compare to 

predictions of the SM and study if 
the weak interaction gets affected 

by the presence of lots of 
nucleons. 

 
Use a heavy atom (Buchiats) as 
the measurements scale faster 

than Z3  and Z8/3 



Weak PV electron-quark couplings 

Qweak 2018 



Chart of the 
Nuclei 

Gold 
Target 

18O 
projectile 

Fr210 product 

+ Au Fr215 
O neutrons 

N 

Z 

How did we make Fr at Stony Brook ? 



1991-94: Construction of 1st production and 
trapping apparatus. 

1995: Produced and Trapped Francium in a 
MOT. 

1996-2000: Laser spectroscopy of Francium. 

 

2000-2002: High efficiency trap. 

2003: Spectroscopy.  

2004: Lifetime of 8S level. 

2007: Magnetic moment 210Fr .  

2,000 atoms 
Fr MOT 

A Brief History of Francium at Stony 
Brook 

250,000 atoms 
Fr MOT 



Francium at TRIUMF 
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ISAC I hall en TRIUMF, Francium Trapping Facility 





Fr Trapping Facility capture MOT 

or Zr 





PRELIMINARY 

α (scalar) static polarizability in 7s to 8s 



Preliminary α static polarizability in 7s to 8s 



Observation of the ß (vector) Stark induced 7s-8s 

109  To 1010 times weaker than a typical E1 transition.   



December 2018 run: Observation of 7s 
hyperfine splitting in a few Fr isotopes 



•  We understand quantitatively the Fr atom. 
Energy levels, lifetime, hyperfine splitting, 
isotope shifts, etc.  

•  DC Stark induced transition 7s to 8s for scalar 
polarizability (measured) and for vector 
polarizability (observed). 

•  Closer to Weak interaction studies. 



Thank you very much  
 and 

Happy 80th birthday to Francium 


