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The periodic Table



Tentative System of Elements, Mendeleev 1869



The periodic table of elements

Mendeleev 1871



Only the atomic weight known.

Moved the elements around to make their 
chemical properties similar. 

Named eka- (ekasilicon, germanium; 
ekaaluminium, gallium, ekaboron, scandium) 
and predicted some properties for those 
elements missing but that should in the table.

People started looking for eka-caesium.



Eka-cesium appearances



• 1925 D. K. Dobroserdov, a soviet chemist, proposes Russium
• 1926 G. J. F. Druce and F. H. Loring (UK) analyzed X ray spectra of 

manganese sulfate, propose Alkalinium.
• 1931 F. Allison and E. J. Murphy from Alambama Polyyechnic

Institute, analize some pollucite, Virginium.
• 1936 H. Hulubei and Y. Cauchois analyzed pollucite using X ray 

spectra. Moldaviu



The discovery of Francium



Marguerite Perey (1909-1975) 

•Born in Villemomble, east of Paris, youngest of 5 
children.
•She studied at Lycée Victor Duruy.
•She wanted to study medicine, but the dead of her 
father made her look for something more immediate.
•Studied in a vocational college  chemistry laboratory 
technician.
•The Curies often hired the top student from the school 
as an assistant, and Perey at 19 was called in for an 
interview.





• Purified a mineral (about ten tons) in about ten years 
containing actinium (a few milligrams).

• She discovered that the actinium had two decays 
after she finished the purification, one at 220 KeV 
corresponding to actinium and the other at 80 KeV 
of the daughter with half-life of 21 minutes. 



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

• She was doing nuclear chemistry of the highest 
quality. 



Discovery of Francium as a product of 
alpha decay of actinium in 1939 

(Marguerite Perey)



Marguerite Perey, Institut du Radium, Paris~1939



Comptes rendus a L’Academie de Sciences, 208, 87 (1939)
Séance du 9 Janvier 1939 

…



• She was given a fellowship to study her PhD at 
La Sorbonne. Finished in 1946.

• Professor at Strasbourg, head of Nuclear 
Chemistry (1949).

• 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; 
photographs provided by Jean Trouchaud.



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 210Fr Atomic Energy Levels
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Weak interaction



• Fermi: Theory of beta decay, the neutrino
• The weak interaction changes the flavor of a particle: a 

down quark becomes an up quark, converting a neutron 
into a proton.

• Weinberg Salam: Electroweak unification: Four force 
carriers three heavy and one light W±, Z0,  g

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

• The weak interaction violates parity (1956)
• The weak interaction violates charge-parity (1964).
• Neutrinos have mass and oscillate (~1990-2010).
• …







Francium at Stony Brook



Measure Atomic Parity non Conservation 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 as the measurements scale 
faster than Z3 and Z8/3



Weak PV electron-quark couplings

Qweak 2018



Chart of the 
Nuclei
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How did we make Fr at Stony Brook ?

187Au

210



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 

Francium at Stony Brook with Gene D. Sprouse

250,000 atoms 



Theory from 20% (1978) to about 1/105 (2000).



Uncertainty of 0.8 %, linewidth 2.8 MHz



Francium at TRIUMF



FrPNC Colaboration (Fall-2022)
Seth Aubin; College of William and Mary, USA.

John A. Behr, Alexander Gorolov, Andrea Teigelhoefer, Liam Xie ; 
TRIUMF, Canada.

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

México.
Gerald Gwinner SPOKESPERSON Timothy Hucko, Anima Sharma 

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

Work has been supported by: NRC, TRIUMF, and NSERC from 
Canada, DOE, and NSF of USA, y CONACYT from Mexico.



Fr Trapping Facility capture MOT

or Zr



Coordinate system (handedness)
EDC
BDC
s± polarization

Pseudo scalar ~ 𝜎 " �⃗�



APNC with Stark-induced 7s ⇾ 8s transition in Fr
•Electric dipole forbidden.

•Small transition rate due to PNC effect, and M1 (hyperfine mixing) geometry supressed.
•Use Stark Interference technique.

Detect at 817 nm

7s

8s

7p3/2
7p1/2Excite

At 506 
nm

Not detected

R∝|Astark+APNC+AM1|2   ≈ (Astark) 2± 2(AstarkAPNC
*)

Interference term changes 
sign upon parity reversal

1 2

Average of 1 and 2: 
nuclear spin independent 

APNC

S ≈ (R+- R-)/ (R++ R-) 
≈ Im(APNC)/(Astark)



E Electric Field for Stark Mixing

B Magnetic Field (needs to resolve the m sublevels)

S polarization of excitation light

The apparatus:

We need a system of coordinates. 

The observable (pseudoscalar, P odd, T even).



The M1 transition between 7S and 8S



|E1Stark+ M1 + E1PNC|2

|8s>=|8s +ep> 
___

|7s>=|7s +ep> 
___

How we measure M1?



Geometry that suppresses E1PNC

|E1Stark+ M1|2= |E1Stark|2+2Re(E1Stark·M1)+|M1|2

E1Stark ~ b EDC

transition rate proportional to:

M1 has two contributions: HF mixing and relativistic.



I is the intensity of the electric field (laser in the cavity)

By geometry APV is not accessible

DC Field: Polarization



M1 must be between the same N states:

However, thanks to hyperfine mixing of levels:

The rate depends on the applied electric field (bE DC) vector polarizability



Signal at a 0 V/cm in 211Fr 7S, F=5 → 8S, F=4 



Signal as a function of the DC electric field



Errors:

Statistics: counting (dominates)

Systematic: hyperfine saturation



Based on the total rate.

Extrapolate to zero electric field (quadratic 
dependence) to get M1/b

M1/b= 143±11 V/cm
b=(74.3 ± 0.7)a0

3 

MHF=3.45 x 10-5 µB/c

The relativistic value is :
Mrel=(53±4) x 10-5 µB/c
Mrel reduced =(130±10) x 10-5 µB/c
Mrel calculated =137.4 x 10-5 µB/c   Safranova 2017





A possible future avenue



104x gain on the proton EDM ssensitivity, related to the Shift 
moment. 

Use 223Fr with octupolar nuclear deformation
Use molecules 223FrAr 



S2139LOI: Fr molecules: 

Goal:
Improve the sensitivity to a CP violating proton 
Schiff moment / EDM, using 223FrAg.

Team:
D. DeMille, U. Chicago & ANL; J.A. Behr, S. Ettenauer, A. 
Teigelhoefer, TRIUMF; L.A. Orozco, JQI U. Maryland; J.M. 
McGuirk, SFU; G. Gwinner, U. Manitoba; N. Dattani, HPQC Labs; 
R. Krems, K. Madison, UBC; S. Kotochigova, Temple U., E. 
Tiesinga, JQI NIST.



Thanks
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